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Abstract :
Crude oil is important and perhaps the sole source of income for
the Libyan state, so we researchers have to pay attention to the oil
installations to preserve and protect them from damage caused by
corrosion. As reservoirs are the main part of any oil facility, and
because of their importance, it necessary to search for a method to
prevent corrosion, in reservoirs. In order to avoid the damage and
losses that may occur as a result of the erosion of these reservaoirs.
Cathodic protection is an effective corrosion protection technique
that uses the electrochemical properties for equipment protection.
The protection is achieved via the cathode of the electrolytic cell
whereby the other end is the anode of the cell. The purpose of this
design study is to how reduce erosion of metal structures using
cathodic protection. The study examined the design and
calculation of all important points in the internal cathodic
protection of the base of the reservoir using the method of AL-1-
23H-Type Aluminum anodes. It has been revealed through the
results of the design this method was designed to suitable
requirements of the crude oil industry which was rapidly
development in the recent period.

: dadial)
alls ) gonll e il B e 6l L Glamis Diaula salls JSEI yiay
Leilads Balall il ) (5350 (sl Ldaina pa Balal oadaws Jelin sy .dulall
285 g (Oaall)salall Plaaa) asly JSEI Cayey LS damal) Jals laayadny elldg
o Ble (& JShy abia ) &bl sl o) el e el A aualsa

7 Copyright © ISTJ A giaa gohal) (358
;\mb ?3""“ @3.\1\ M



International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J }\Q

AN Al (o daglal)l 8 lgale angy AU A ) aead) et duaads dlee
o (Fex03) xaal) 2S5 o s BaleS Aaphall 8 aag aaall o el e Jba
DY) e [1] et 2uSY) 130 @i alaee 3 8 sl USE
Jeasill wy JSHI (e 2850 Gpla o canll (59 pall (1 OIS JSTI e daalill
Wi (e Al JSEY (e dalill ol pie Bl Bk 5aad ofinld) 8 (e
[1].40 580 Gyl

Laylal) <l e faally JSE aid diph el Lol dlal) iy
By e Adle ol Lgleny Ll 8ygaiall ol Aighaall doaaall duideddl Cilaedll
ool pais UK e Aleall Ald A5 Lad ey Al
5 Al SN Ll 08l Ll dhd) Claedl Jeald coleall 5SSl
LN JSlglly caliliadly Vel cull) haghad Llead 0N dleall Jarics
lyg Jaial) LY dsnall cililladly ¢ alsl) G Basmall Tl Jpans ddaly giudls
[ Al 4l dpealy s 368 ST g alen coslhaall (o) pusad) Juss
[ A e (2) gl Gl e SlpeSl LAl g pasg Jasmall cul¥y <Y
o iy Adlesl) sl JaSd Oshaall (s3Ysil) auenlly Tnsmall cal¥y pSIY)
[2]. JSED e Y6l (yana

s gy @y il slgh Jin 3 Bagase lgiah i Al Ui dllag
Lide Qgin Jiagh€ 160 s deng Gyl diiae e Ggin el 540
ik ga Gl ol i e Lyl Al 3p0ad) Joh o Siag Gedie
T Bk Bapas 0o Hlie g5 oad) el slaily B Cimn ) Lla]
By Ladil) e Jliy DlESly Sl eSe e Hlae a5 Aol aall e d35Sae
ZEY) dlaye s g Sleg dain i 37 sis ) elisl) is sk Al e

3. 2004 & a a3

8 Copyright © ISTJ A giaa gohal) (358
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gty p i g
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S TJ}\Q

:JSW dlee Cuay .1

oiind Al S DA (30 Ao Caans Al b duads Bl S ddee i
IS o3y sle 5l LAl e AdlbaS Mge Aalaall galaall SLaiSo5eS b 3
dlaiall ) &oas) Aihisall (e g FEIYY olad) (5S35) sLiyeSl) Al Jreags DA
SV ) lisd aie iy (53lg Cpalaal) O oradall 2gall (38 Ay (Las5IS
okl e @A) Cadadl) anasg "agil Ll die zdn @A) Cadadll awg Ul
IR DUV R P CRCIPRRG IEN [ i [ IR W Py TPARY [y
LOSB ddee Chuay (1) Ay JSED 5 palus 2400

Current Flow

Metallic Connection

Electrolyte
T T T T ).

AE Direct = —
= et - o

= .
= e & =
= L Current - =
rm— ThTmTTrTrTEeTr T T TS > —
rm—

e I Flow _ _ _._. . _F

0= Bl (A Al Ailay oSl Aludull e LIS Slaie) anlall sgal) (38 aainy
@ sl o SV G Ll ol eSl agall T il (olaal) s
22 b e US5 A Cagyl b JSEU Lgiaglie s o opaled) cani
Aokl measy (1) ) Joaally dladd) 3 4l bl alaall semn (56$ Al

L Olaall A LSy sl
9 Copyright © ISTJ A giaa gohal) (358

W\JNMMJ.\SIM



International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J }\Q

Olaall dailiasSg s Aleadad) (1) Jgan

(orabahl) ) sga
) (V) clsil raind) 4 raind)
0.23- Ni Nickel I
0.13- Pb Lead uaba)
Jua H Hydrogen R gyl
0.34+ Cu Cupper oelas
0.80+ Ag Silver dad
0.83+ Pd Palladium a5l
0.85+ Hg Mercury B
1.21+ Pt Platinum T
1.42+ Au Gold cad

: Agagilgl) dalaal) .2

gl g Aagilst) Alaat) fase 1.2

(w29 (Corrosion Inhibitor) JSBll da8l<al dayla oo L gflSH Lleal) e
(Cathodic Protection) augisll dleall Cargis JWYI Lacgl) dga yudt (3)ka
sy 35S ) abon 3l o) ssad ) agh Al RS 5510 055 )
Lleadll ety g 5 28 Gy Wils Cilig S i) pmg S 0sS:
L (Sacrificial Anodes) Za.adl ilasdls (Impressed Current)
el il ) Gkl Jis Akl bl & i) Gkl
Llaally daladl Llaall aw L =Y Glallhias sac d8jma e Y dgll)
[4].(General & Complete Protection) alLall

10 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M




International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J }\Q

ol 138 Lellshl e e a5l fiash€ US i) aga il ) Al &
Ll Llea ) e ) Jaill (Ko il (0.85) oo Ji ¥ el
L 3aT o3gh ALl Llea lgle o) s Y oSy (General Protection)
Ge Y 4l LS slladll (sginall (8 sl o e A JS g 05 Loie
(Homogeneous Soil) duilaiall L5l Laag sill (o cpegt llia of ddjpes
el gl duilanall 45l a8 (Non—-Homogeneous Soil) duilaie ull 4l
bl Zalall Fleadl adde i of o) e dlald Gles ol 0 aiad) (Sa
Aleal) dane e 3l e Cliwils D o il S Q) s oY
Oed e M) e abhi vie Gallad) dlaall (ggiae g 1)) asle aile
e Al 8l el mha e Al IS e S Llaa s o el
oe (Current Veil) jlall cas sl asal @l ajall (Ko S duilasal)
ALl dleall (ginnn (190 b agl) g ana Lae @dlall (ians 3 Jaghadl
Ay e i Y] e i O adsdl) 3¢ Byslaall cillaadll B il 83k oy
< Y el 8 ) duilaie A 8wl ba e LnglS) dlaal) Gl
dally dughaall palY B huls 4 Al Lsia dllia (Sl Lgraa
lalls cul€y Ljlgie canlil sac ellia GIS 13 Laguady (dulaie ) dusll)
rAp il leall 8 AaSlal) Cliwdaill (g [4]. 45l

o] (All) s Aghadl @il ~1

o) (Al) st ddad) LAl -2

bl ol sl gaghace (gayai die JSEI (e 3586l il Lles =3

LAl Ldalal <) —4

Aol bl cilase g olsally il JSa =5
: Aaagilel) dulaad) 3,k 2.2

~ :Oy b ) 2 dleal (3l s

11 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International Ay s 5 v
Science and Technology Journal Volume 17 2 Inertins eenr i Tohasigy Soaral > (
gl gl Llgel Ayl LI T3 W ya

(IMPRESSED CURRENT) :lalual) Ll R.E:Uh 1.2.2
dasad 3nb oo ddde Jguaal) oy jdies )l jaas 3sag o daphll o8 adia
¢uay (Transformer Rectifier) ol e jaiwe L ) 2aall jlall jaae
duagi &y Ul Haad Gllad) Gkl dilea ahall Garal) s duagi S
O by SeSladl aasll (e 5S35 (Ground bed) gk e agall Capball
DLl gl e L8N Lleadl aladind Gy 250 =100 250a & lall jras
Bl mlacl) @l SR seldy bl laglad dlaat dalall Alls 3 Laloudl)
339 ) Slidl e g3 o 5 Al iy e Ala s Gillas )
el e ylasad) AlKe) cilashiall sda 8 sy 43l LS (il din 20) L

alecal) L) il g (2) JSN 5 [5]. Byeianall Lgidliey

Rectifier ——m
(or other DC Power Source)

Test Lead

Dbl lall dih (2) JSa

12 Copyright © ISTJ A3 giaa aodal) (5 48a
mu ?M &\.‘3.\3\ M



International gy gt 050 g
Science and Technology Journal Volume 17 3l R W——

Lkillg aglall Adgal) Alaall April 2019 J: I S TJ}\(

(SACRIFICIAL ANODES) :dauaal) cilagl) ddish .2.2.2

s adxy Sacrificial Anodes dacaill (iUl aladialy Lleadl cileshie
Claily anles 3yl caed) ou Galvanic Action dulilall bl e sl
Aokl dasie 3 Ab Gl (e Foncan Gl aadid G cdaddioaa) Lol
Ljlae Lo ST ana dga 3 gl (gl alan alyal) (paealls 45)lke Ailaay 1S
Aonaall @lagi) diyh aags (3) S [6]. aunles el Gaeall sga

~—Backfill

Laadl @l dah (3) USa

1 gl laal) Jads aga (wl8.3.2.2
JSE il 8 el s pge Loy Adanal) Augilly Jashadll o 29all B8 (el ()
L) aee o 2gall (38 (el Sy Al BB Aleal) (ggine B ol Tadll e
Oo b e Ble (& &l il 8 aag Al (Half-Cell) 4l
ol oty galaall @l A jseka (Pole—Copper) ulail

13 Copyright © ISTJ A% ghaa aaal) (368a
wu ?3""“ @3.\1\ M



International Aoy p A5 v
Science and Technology Journal Volume 17 2 Interaaiena s s Trehasingy Joarsl }&

il agtall Adgl Alnal April 2019 & l STJ

U<y« it Liad Cayang A gl dlaall 5603 Jaastl (Referance Pole)
[7]. 4lisSas stV Slen s (4)

Jua gl Adads
232 ol half cell S
g8kt dilaal

Jaa Culas okl
half cell =

SRI3 Galatl et S Jslaa
half cell -

wilisSas eV Slen (4) USa

s Aaagilsl) Llaal) Aaghiia .3

ol Laoall Aoaddl Slgdl Lleal diph a0 A08K) Al
oobadl JSE sl ae of Bl ae el ) gashe (mpen eha JSE o
Ll Lashae Gudi die Logee Zonall clanally (s duaeall JSLell daal)
Ol ) g s (s dipaiae 4ha€ cDlelin Gigaal dagm sl
G35 ilaSo S ddee & JSEI ddee oL sl (Sa 13 [8](SloeSH il
S Al el mhall JSB ULy aoall Gaee e ebial ol ) dall
(2) Jsaally -diliyeS dnlils D3 (6<5 G Gl sall Grapedl s o Ll
Alaay 5 Anlalal) A8l & Lsaall iy g 268 Aagliall sy

14 Copyright © ISTJ A% ghaa aaal) (368a
mu ?M @3.\3\ M


https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%A2%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AA%D8%A2%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%AA%D9%81%D8%A7%D8%B9%D9%84_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D9%81%D8%A7%D8%B9%D9%84_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D8%A2%D9%83%D9%84_%D8%AC%D9%84%D9%81%D8%A7%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D8%A2%D9%83%D9%84_%D8%AC%D9%84%D9%81%D8%A7%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D9%83%D9%84%D9%81%D8%A7%D9%86%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D9%83%D9%84%D9%81%D8%A7%D9%86%D9%8A%D8%A9

International

Science and Technology Journal Volume 17 3l
Kgiilly asiell Adsal) Alal April 2019 Ji)

gty p i g

| vt ] iy il Ty vl

ISTAN

[5T 45380 Zonpgsl Aagliall class (2) Jsia
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Long Slender standoff

R = (In (%) - 1) (Modified Dwight)

L > 4r 21l
Long Slender standoff R= P | 2L
L <4r ~ 2L n

2
21, [ }%_H(@

2

[

Long flush mounted L
> 4x width and length

R =

Short flush mounted,
bracelet and other R
flush mounted shapes

P
P (Lloyds)

__0315p

=5 (McCoy)
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[7] daaall Cidaaly LAl ABUES IS (3) Jgas

Environment Current density (LA/cm?)
Well aerated neutral soil 2.152-3.228
Wet soil 2.691-6.456
Highly acidic soil 5.38-16.14
Sulfate-reducing bacteria Up to 45.190
Heated soil 5.38-26.90
Stationary fresh water Upto 5.38
Moving fresh water containing dissolved oxygen 5.38-16.14
Seawater 5.38-26.91
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jlen Costladl) mlacd) dgdaas 8 aadieadl Calall g5 .4
D asisal¥) (e daal il aladialy Lagill dulasd) daghiia 2.3
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Standard Dimensions
Nominal dimensions (mm) |
. Nomina
Anode type C.?;;'g' . W ] BRI\,Q\'\CI-II—((EfS anodtzkr;;t WT
CL cw
AA-2-10H B 356 | 165 | 32 152 32 4.5
AA-1-12H A 356 | 114 | 57 64 38 54
A-2-15H B 546 | 127 | 38 | 292 32 7
AA-1-20H A 610 | 114 | 57 64 38 9.1
A-1-23H A 610 | 127 | 51 64 32 10.4
A-1-2H A 610 | 127 | 64 64 38 13.2
AA-2-32H B 508 | 254 | 51 | 254 38 154.
16 Copyright © ISTJ Al sise gl (348

W\JNMMJ.\SIM



International
Science and Technology Journal Volume 17 sl ] B Tk Jars

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J )\(

Gob oe JSUI e Aa L AT Dleall doshid asensill Lilee glpa) de
gen zas (5) Jsanlly ¢ 4L ghadll ool S dascadll clagl) aladud
RPUOCR ISR - DRECTIN [ ST B

gty p i g

praaill Glilws & daxiival) padll (6) Jsi>

Lasaall) cfyaial)
239 (D) ol ks
B | (h) W) gina g L)
axe 251100 (P) ulg ESIY) daglie
2o/ 121002 (1) drasaral) Lol i<
0210 (L) grsansill poe
~2$10.4 (W) 2algll a5 03
Lis + jul/aaS3.5 (leapacity) 253 (U 5Ll Aas
%90 (lefr) 251 USI Lall 54l
%65 (Up) alazie¥) Jalas
axel2.7 (b) 251 Ly
aubd1 (L) 2531 Jsba
a5.1 (t) 25V class

T OhAd dalua clua .1.2.3
:0ul dalall (ahilu\ A (A total) ODAL LK dalicall Gl
Atotal = Ashell T+ ABottom (1)

17 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gty p i g
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S TJ}\Q

:QT IWITEN
DA Cdle dalie i3 A gpel
(AN g8 dalue Ji A pottom
pAaal Aabeal) aladiad &3 hall Cdle daliw clual
Aghen =T XDXh (2)
: J IGITEN
Ol s i D
(A el (sgie g Wyl Sl A
sl Aaleall alasicd oy PR & B dalae Qlual-
ABottom = %DZ (3
Ol LIS daliall i anly e deliyly 239 oyl axsiall (il of Las
ox e 1316.445  (sobas (A total)

P sllaall A Ll .2.2.3

A0 Alsledl) alatia 5 (1 totar) QD) Alead Cugllaall (SISl Glusal
Itotar = Atotar X Ia 4

(Pef el 0.02) (gt A5 Dnaracal) lall LS Jias g s

(el 26.33) )38 S s die i Al Adladl) plasi

s alag oy -3.2.3
$(W) Dosladll clasl1 s lad (5.4) dlales pladial

W = LfXItotaIXIcapacity (5)
lerrxUy
e
Al GA:LmA:\S\ ee Jia Ls
18 Copyright © ISTJ A% ghaa aaal) (368a

W\JNMMJ.\SIM



International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J )\(

(Z\.JM ):\443/63535) &R Dbl das Jia Icapacity
(90%) a5 a6 sl i lesr
(0.65) =Y Aladiuy) Jalaa i Us

(251575.23) 028 (g e =ity Vaay

s dggihal) cilagl) 2 .4.2.3
1(6-4) Aalae alazind 23 (N) dosllaall cilag¥) sae Cileal

w
N3 Wanode (6)
228104 a5 aalgll 35 (35 S W anog tus
s 152 e duslaal) il sae vy Aol Aled) aladialy
:agd) J< dnanal) dalwal) .5.2.3
24 Alaleal) 2235 (A anode) 253 S U (pe Lnenall dalisall A8 el
Agnode = 1221 (7)

353 JS1258.66 a8 dueas dalise dic i 13ag
(8-4) Alae pxdiuas (L mir) hags¥) (s dilena 53 Clealy
(9-4) Aalas 223505 (D anoge) 2551 JSU Llaad) i el

Lyin = vV Aanode (8)

A
Danodge = / %Ode (9)

2166 Lilea jhais 22,94 Ly dilus ol agie ity Gl Galiladl)

D igha O dblual) .6.2.3
(L row) <hasil Cagaall (s dilaall laad (10.4) Alalbee Creniiiud

19 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gty p i g
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S TJ}\Q

A
Lrow — anode (10)
Danode

crally OB Jlas oAbl Gady Lady 052 layad ddlas die i Ndag
-22.6 Lgi Cha JS Gy Adlual) Chual 4 p 5 JgY)

P ) culg sty daglia .7.2.3
4 Al alatiad 5 (R) gasil g s 480 g daglaall ileal
R=—L_n(%)-1) (11)

2 XTTXL

Do) G
pfasl 100 a5 culg SN daslee Sin P
wuO1 a5 3991 Jsh Jia L
0 Al ity Jobedl il Cioa Ji T
r= [ (12)

e 5.1 oag clendl B (1) 5 anl2.7 oy 391 e Jia (D) Cus
28 1.06 rusd Aol i alaal) alaiiodds 250 S o glial)

: gl g plal lan .8.2.3
1 Alslea) sl 23 2l IS (e gyl Ll el
14
1= (13)
I el 175 58 s aie g lag il 0.97 a5 s¢al) B i V s
b anly agil e el lal) e iy ALISH o glaiall #lal) Ll Gilaady ol
)_.\.mi 266 b)ﬁ &S )\:\3 CRYS c:ug Lﬁ'ﬂ\j (;AJJQ

;e 4
) Jsondl 3 Bl Aasensl 50 jena (Ko

20 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International
Science and Technology Journal

Al aslall Alsal) Alnal

gty p i g

Volume 17 aaad) sttt Sy i Tarbasingy Joarsal > Q
April 2019 i »! I STJ/\

Lol prasall Jals
221193.99 (A Botiom) Aitas ahall GPAY ¢ & daless
22 122.46 (A shen) 4bas shall cfad) Lidké dalua
221316.45 (A total) giatas apal) 40lsl) dalual)
sl 26.33 (1 total) CHAD dslaad cagllaal) St L)
p2<1575.23 (W) Liglhaall clagi®) 039
158 152 (N) Lisllaal) cilagsl) e
2,8.66 (A anode) 4551 JS U (30 dnanall dalisal
22.94 (L min) gl Ga Abloa (]
»1.66 (D anode) 453l J<I &ilaal) jlab
25.2 (L row) whistal) (s dilusal)
22.6 gl e JSY) Chally AN Jlas ¢y ddlcal)
251 1.06 (R) 4539 daglia
s 1.75 (1) a8 Jt ol L
sl 266 S A L

DAL i) mdacdly Pl (golal) mdacddl = (hall £ B dalise sddasDle*
Ak Jaud ) ddais el e hal Gae = hall Cdle dalie

s o WS 5 sl e Ca IS iy sl sae muag U Jsaal)
s (2-3) J<ally ohal g e @lagl) anis mas s (5) JSall &

21 Copyright © ISTJ
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gy gt 050 g

Science and Technology Journal Volume 17 3l (RIS S——

Aty psiall dulgal) Al ApTI2019 54 R J}\(

Aatiuls <Al i s g ws aseadll 8 desdiedl clagll JICal
;) ddaladll

2XTIXT

N = (13)

Minimum distance between anodes

e_,gsyﬂ\ lagsl &\_,.‘5 N (2-3) Ja & Al gl 4 Clagd) s (5) Jsa

st e ciaa IS ki il s (8) Jsaa

(p) BA1a ko gy axe ual) o8,
36.4 38 1
31.2 33 2
26.1 27 3
20.8 22 4
15.6 16 5
10.4 11 6
5.2 5 7

O (A8 2
152 -
AKPH Y
22 Copyright © ISTJ A% ghaa aaal) (368a

@iﬂ\JNMMJ.\MM



International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J )\(

: clabng) .5
asaaill Slhlea (e Al ZU G Ll Jseanll @ ) Aled) labiny)
5 bl 9 e Al Ll dad sl (152) aseaill bl : VIS oy
lajisy ol Llaadl Sl 550 (2.94) o sV o dile B8 5 el (1.75)
gl 2s1 Jola asuisal) e agil (152) zlas Wl @l . e (1.66) 253
o 3391 Gy AN Lleal ais (5.10) 4Sawy ans (12.7) awaes aw (61)
Ay sl clagll sxe sl ) Adlaall adadll (aey dila) lacY)
ve o oAl Jall ve adadll sl 8 e (o Gagan Alls B Lgalainn
Cauidy JSE (e SUBAY dles pobiiess 13585 L Al g B A gl S
Copud Aaii pali 8 Fha ipan quind ) ALYl Jhau) ol dbeal) il
Ol zoa quiad ) LY jlaall ulalall sl apes 5 OBl (e Jadi
2l DA ey A F) g ) glal) G 8 @5 e daddl oo
o2 o gy LagilS Agleal) diyka 3 Lamdll lasl) aracal dahl Al
bl Al el Slally il delia clilie g aedl Craaa dikl)
dad) LWl Aatial Uie (e Balial) 5 S 5l 5l 3 o ol

) Ll s Ashadll canlly)

D aalall
LBl dlan daals
5 KE Ao ool (21422) LAl 5 pliadl e deaa L0.[2]

- Ghall L paticall dadla ,52uSY)

23 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gty p i g
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

ALl agtall Aulsal) Alaal April 2019 i I S TJ}\(

Aysaal) daaladl, JSTH e Dlaad) Lead QUS, (2001) L0l Gl Lo.[3]
- 2001 Ljss ,ann

5 alaad ST (e Lleall (1988) , (isxal 5 2eme il GUasid. o [4]
21988 sz daals 4 Lleal) Gyl 5 aclyl

, 0l daals , Lugl Lladl, (2010) , gaaly wed) male s [5]
. 22010 juas

LAl alall sl (2001) il Jda, i) elisl) Jas . [6]
c Ll i gl) dasgall

, Shasl dalatl) 5 ay) Gyl QS (2000) , el 2aal.a 7]
2 1998 jan, Lu€iy) daals A5l daglal

Akl Fohaddl sba€ A dae, (1989) , gssals cblall yalia.[8]
2 1989 il aliys daals, 5V

oaldl) i€l (2003) sali¥) Jdal S, cligh e [9)]
o, ! Aol dengall , Jaad)l Jals duelial) dakidl

24 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S T.J }\Q

e Ao alaS Jartioal) bl ClSaa cuj aladia) il A
Akl 5 ddal) Alal) & daalal) LluAl galgd
Al o gladu A o]

Glak drals —Lanigl LS Tsadl durigl) acdy junlas
lubna.bentaher@uob.edu.ly

uadldl)
el 5 desiendll ) bl GlSme ) aladind 556 duh 5 Gl 138
die dlall Al Llpall palss pan Jo (@lSae Gig) udd Giyg (e
Aall lgalsn 5 abaaia¥) duw o 2GS 5 28l daglie 5 Jalicai¥) daslie
IS Auenye Ahla crandial Jalgd) 5 Sled) 5 Sn) el ey Jie Akl
i) (s e AR st g Cuill e (gt (98] 5 Gilae () o
Cuianl) Lalal) dge ofys) i ae (%25,1.5 .1 ,0.8 ,0.4,0.6, 0.2) %
Gl ) aladial of mlll cogll L(Lseall A 5 S LU
Loty Say) dall (5a) e al) 8 Ladly (% 225.2) Ay Jalgll 2 Janicadll
ol LaliadV) daglial dad Jumdl of ang e 1:05 ey Sleills (e1:10
& owal OIS G %0.6 Giliad) Jasiod) Gl cu) L s AL
Cu) ahadind o) paliin) lgle Jaasiall Z0 ey .%4.65 dasiy daslaal) dad
SO ol Lelely Al Al Alads st & g0 4 Jexied) Sl
Lpabaial dawiy LglS 5 lgiys (0o Jlby 5 clill ddasall Mgall (50 o)) (Sass
JSaIL (& o) Leadlinal adlly Jarcall A3l al) daglie ad dele ddeay 5 .olall
Jeant ¥ aneadll gl aladials Gun Al Blpdl) Baga e Jo Laa S
Balels Al o Laliall o selis Liad dy dlae 408 jraws aa oale o L

25 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M


mailto:lubna.bentaher@uob.edu.ly
mailto:lubna.bentaher@uob.edu.ly

International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

LaEillg aglell Ldgal) Alnal) April 2019 J: I S T.J }\Q

L) pealiall Jesioall GlSaall cu) aladiuly duagill oSa 5 aaladiul
O GsS Gl aall Capall liBa oball B 5, Ashaal) 5aacY) fia
Liayrall A5LEN) ualiall allasic) Caindy slall Galiaiel) 4w (e JB cull
Ll sl LIS 5 Cuall (U dalading) cuan g adll

Al &lwyal) ,dball d5lyall ,(UEO) Jasicsall S paall cusy + Al cilals
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Abstract

In the modern construction, industrial wastes are largely used as
raw materials in concrete. It conveys encouraging environmental
effect because the waste materials are not released to the
environment; thus, this paper presents a study on the fresh and
hardened properties of concrete containing used engines oil.
Slumps, setting time were determined for the fresh properties and
compressive strength, density change in weight ,tensile strength
and water absorption of concrete were determined for the hardened
properties. The dosage of used engine are 0.2, .04, 0.6, 0.8, 1, 1.5,
2% of the cement weight in the concrete mixes. Results showed
that performance of used engine oil acted as a chemical plasticizer
by improving the fluidity and the slump of the concrete mix. The
used engine oil increases the initial and final setting time and
increases the consistency. Moreover the effects of engine oil on
the concrete compressive and tensile strength were not damaging
with respect to the control mixes.
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Abstract :

Analysis of the stability of the rock slopes is important before and
After cutting slopes (road cut), There are many factors that
contribute to the collapse of the slopes and their Materials such as
rain. The collapse of an industrial slope could be as a result of an
invalid choice of the cutting angle by the executing company. This
may lead to the collapse of the slope and its contents(Rocks, debris
and soil). Considering the alhamra road leading to the QAWASEM
city, where the collapse of the industrial slope and the rocks above
it is noticeable. The case might be attributed to changing the
cutting angle from (75° to 40° ) as a result of the rain fall. The aim
of the this study is to evaluate the stability of slopes of the
angles(40 ° and 75 °), and to calculated the Friction Angle value
(@) and the Cohesion at varies water contents namely
(5,15,30,50mm). also to evaluate the stability of the slope using a
software program (rock plane 0.2). it was found that the stability of
the (40°) angle is better than the (75°) angle, and its recommended
to remove the blocks of Abogelan that is prone to collapse which is
above Abosheba slope.

Key words: Alhamra road, slope stability, RocPlane, Abosheba
FM.
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Abstract

This paper is an investigation into the importance of safety for
information it shows the important risks threats and gaps which
face its systems. Also it clarities the rise of piracy and electronic
attacks that obsesses both individuals and states. In addition it
displays the different hacks and the technic means used by the
hackers to achieve their attacks. Finally it shows the important
reasons which lead to the happening of these risks and how to
protect the computer users and the webs in order to secure the
secret as data through some programmers and systems which
reveal and protect hacks.
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Abstract :
The basalt dikes were revealed as a result of the cutting of the

slopes of the Tobi mountain road slopes that lead to the city of
Gharyan. In order to evaluate the effect of these basalt dikes in the
study area and exactly In Sidi As Sid formation, Engineering
Properties for discontinuity surfaces were mainly used to evaluate
the stability of the parallel slopes of the road. For this reason, The
whole site mentioned above was given symbol (LT-G-19) in
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addition to other four chosen positions. The positions (L1 and L3)
are not affected by basalt dikes. In contrast, the two other positions
(L 2 and L 4) are affected by basalt dikes, Field measurements
were basically used at this point to measure the rock section there
and that sized (140m?2).

When Conducting mathematical calculations and comparing them
to scientific and international standards and specialized studies, It
was found that the positions which are not affected by basalt dikes
have a high RQD strength of (86.24%) as (GOOD) description and
also have two joints set (s1 and s2), While the sections affected by
basalt dikes showed the intersection of four joints set
(51.52,S3,54), with an average of Rock Quality Designation
(43.06 %)As poor descriptive, As a result of the weakness of the
sections. Parts of the sections the affected by basalt dikes will be
fallen down and automatically destroyed, The type of movement at
this stage is known as (rock fall). The study confirms that the
basalt dikes can be classified as mechanical weathering factors for
rocks.

Key words: basalt dikes, Engineering Properties, rock sections,
joints, slope Stability.
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Abstract

This paper reports on a preliminary analysis of survey data on
using open educational resources at the Faculty of Information
Technology, University of Tripoli. The survey data was collected
electronically from students. The objective of the survey is to
assess the awareness and usage of open educational resources
within the faculty. Results of our survey reveal that 90% of
students are using open educational resources.

Keywords: Open educational resources; OER; open textbooks;
open learning.
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Introduction

Open Educational Resources (OER) are “materials used to support
education that may be freely accessed, reused, modified and
shared” (UNESCO 2011,2015). OER has received great attention
in the past two decades. In 2012, UNESCO called on governments
to adopt policies and support capacity development to promote the
use of OER (UNESCO, 2012). OERs have been considered as one
of the most significant educational movements in the 21st century
(Shear et. al., 2015). Institutions and governments have supported
creating OER to aid learning and to lower educational costs for
students (Florida Virtual Campus, 2012, Florida Virtual Campus,
2016; Jhangiani et. al., 2017).

OER materials have been reported to increase learning outcome.
John Hilton (2016) surveyed 9 studies relating to the influence of
OER on the learning outcomes. He reported that only one study
reported non-significant negative effects on learning outcomes,
three others showed a significant improvement in favor of using
OER, three studies showed no significance and the remaining two
studies did not report any statistical measures. In a recent large-
scale study on the impact of OER on student grades, results show
that students who used OER textbooks significantly outperformed
students who used traditional textbook (Colvard et. al., 2018).

OER materials can help resolve many issues in education. Access
to free textbooks is one issue: students in higher education in
Libya rely on lecture notes more than textbooks due to the lack to
availability of textbooks. Lecturers usually prepare the learning
materials (usually PPT presentations) and present them to students
either electronically or in paper form. Access to online resources
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such as textbooks will help improve the quality of teaching
materials within Libyan higher education institutions.

The goal of this research paper is two fold: 1) measure the use of
OER at the Faculty of Information Technology, University of
Tripoli; 2) increase the awareness and importance of the OERs
among students at the faculty.

Methodology

For the purpose of our study, a quantitative survey was developed.
The survey questions were well designed to measure the use and
attitudes toward using OERs.

The following research questions were used to guide the study:
Are students aware of OER? (Yes/No)
Are students using OER? (Yes/No)

What type of OERs are students using? ( tutorials, PowerPoint
presentations, textbooks, video, audio, software tools)

What is the impact of using OER on students learning? (Low,
medium, High)

Are faculty in the sample using OER? (yes/no)

What type of OER have faculty used? ( tutorials, PowerPoint
presentations, textbooks, video, audio, software tools)

What type of OER are faculty creating? ( tutorials, PowerPoint
presentations, textbooks, video, audio, software tools)
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What factors could facilitate using OER? (Support from
administration, recognition, academic quality, staff awareness,
desire to reduce cost to students)

Participants

The faculty of Information Technology at the University of Tripoli
has around 1300 student enrolled by the spring 2018 term. The
anonymous survey targeted all students at the faculty. 162 students
responded to the survey, 111 students completed all questions and
the remaining 51 did not. All results shown below are based on
completed surveys.

Table 1 shows the number of participants based on gender. By the
time of conducting this survey, the total number of students is
1280 out of which 481 are female students. The sample
participated reflected the female to male ratio at the faculty.

Survey Sample

Table 1: Survey sample based on gender

Gender n %
Male 79 71.17%
Female 32 28.83%

H Male H Female

Table 2 shows the distribution of students based on their study
level. Students from all levels participated in the survey.
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Internet Connectivity

We believe that Internet connectivity is a vital factor to increase
OER usage. We surveyed students on Internet connection they use
to assess whether the faculty or the university in general
encourages students to get connected. Table 3 shows the Internet
connection used by the survey sample.

Table 2: Survey sample based on study level

Level Of Study (term) n %

1st 16 14.41%
2nd 8 7.21%
3rd 11 9.91%
4th 18 | 16.22%
5th 9 8.11%
6" 16 14.41%
7t 13 11.71%
gt 7 6.31%
> gth 13 11.71%

2nd
7%

3rd
10%
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Table 3: Internet connection used

Connection n %

Mobile 88 79.28%

phone

University 47 42.34%

Home 100 90.09%

Café 39 35.14%
90.09%

79.28%

35.14%

mobile phone  university home café

Results show that students use all available internet connectivity
options. However, the survey shows that students tend to use the
Internet more at home than university with 88% of students use
mobile phones to get connected.

It is worth mentioning that the university provides free Internet
connectivity on the main campus to all students, staff and
employees. However, there are no public places such as computer
labs and libraries connected where students can use while being at
the university. This explains the low rate of using Internet at
university.
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How often students get connected

Time taken on using Internet is one factor that shows students
ability to view materials on the Internet. As IT students, we expect
students to spend more time on the Internet in order to fulfill their
course commitments. Table 4 shows daily average hours students
take using the Internet.

Table 4 shows that the majority of students spend more than 3
hours daily with about 45% spend more than 6 hours per day.

Table 4: Internet connection used

Time(h) n %

0-1 3 2.70%
1-2 2 1.80%
2-3 20 18.02%
3-4 13 11.71%
5-6 22 19.82%
> 6 51 45.95%

1-2
2%

Survey Results
Research question 1: Are students using OER?
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Table 5 shows that 90% of students are aware of OER and already

using them.

Table 5: OER awareness

Using OER? n %

Yes
No

100 90.09%
11 9.91%

No

10%

Yes
90%

Research question 3: What type of OERs are students using?

Table 6: Type of OER used

OER Type

%

Lectures
Tutorials

Videos

S
Books

Graduation
projects

n
3
1
6
6
8
3
Presentation 2
6
5
3
1
1
Other 6

31.00%

66.00%

83.00%

26.00%

53.00%

11.00%

6.00%

83.00%
66.00%
53.00%
11.00%
6.00%
S P E N \(\e‘
& & F S
N2 N <
© Qo
Q:" O
) >
Q 5
%’b

The answers of the 100 students who have answered YES to the
last question are shown in Table 6. Results show that students use
videos more than any other materials (83%). Then they use
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tutorials (66%), followed by books (53%), lectures (31%),
presentations (26%) and graduation projects (11%). 6% of students
indicated that they used other material.

To assess the use of OER by students while studying, we asked
students to choose the way they get their study materials.
Participants were asked the following question:

How do you get the Educational Material for subject you study?
| copy them from other students

| buy a paper copies from a boot at the university

Through the subject website

Through a news group on Facebook, Google ...etc

Similar websites on other universities

Others

Table 7: How students get

Educational Material 56;36 62(,)73

Choice n % 35(,'45

1 21 19.09% 190)09 * 15.45

2 62 56.36% ¥ P
3 39 35.45%

4 69 62.73% 1 2 3 4 5 6

5 17 15.45%

6 3 2.73%

Answers to this question reveal that students tend to get hard
copies of study materials either by copying them or buying ready
copies. However, 69 (62.73%) students answered that they get
them through a newsgroup dedicated to the subject. It is worth
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mentioning that 35% also indicated that they get materials using a
subject dedicated website.

To assess the resources where students get their OER, we asked
students to write down five websites they use to get OER. The
questions was “Write down websites you use to obtain OER
materials?”.  Websites reported by students are grouped and
counted. Top reported websites by students: (Youtube:59;
Udamy:23; Google:14; Udacity: 9; Khan Academy:7; Lynda:6;
Coursera:5; Edx:5; Facebook:4; Wa3School:4; Github: 3;
Wikipedia: 3) . It is important to note that some of these websites
do not provide OER, they however, offer Educational Materials for
free but not under OER license. Although the concept of OER was
highlighted at the beginning of the survey, many students perceive
non-OER free materials as OER.

Research question 4: What is the impact of using OER on students
learning?

Table 8: Impact of using OER low

medium

Impact n % 18%
Low 3 3.00% high

Medium 18 18.00% 20%

Good 27 27.00%

Very 32 32.00% very

good good

High 20 20.00% 32%

Students were asked to rate the impact of using OER on their
learning outcome. About 80% of the students indicated that OER
has positive impact on their studies.

Research question 5: Are faculty offering any OER?
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Table 9 shows that 95% percent say that the faculty is not
providing any OER.

Table 9: OER offered by faculty

Faculty using n %
OER?
Yes 16 14.41%
86%
No 95 85.59%

Research question 6: What type of OERs is faculty offering?

Table 10: Type of OER used by 75.00%
faculty
OER Type n % 31.25%

25.00%  25.00%

Lectures 4 25.00%
Tutorials 1 6.25% E X T L e F
SN o N 9
NP G ® Q“O é‘Q
. Q)
Videos 4  25.00% <« & F
O
0@6

Presentations 5 31.25%
Books 12 75.00%

Graduation 2 12.50%
projects

Exams papers 3 18.75%

On the types of the OER that the faculty is offering, of those who
said that the faculty is providing OER, 12 students (75%) said that
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the faculty is providing books, while 5 others said that the faculty
is providing presentations. To our knowledge, the faculty is not
officially providing any OER, however, some lecturers do provide
such materials while teaching.

Research question 7: What type of OER are faculty creating?
To answer this question, students were asked two questions:

a) Does Lecturers publish any Educational Resources on the
Internet?

Table 9: Does staff publish ER on the
Internet

Does staff n %
publish any ER?

Yes 51 45.95%

No 60 54.05%

The answers to this question was encouraging, 45.95% answered
that lecturers at the faculty are creating OER, while 45.05%
answered they do not. The below question was asked further to
those who stated that lecturer are creating OER.

b) In General, lecturers make Educational Resources
Available to students in the subject only?

Available to all students?
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Table 10: ER availability

Lecturer make n %

ER available to?
All

Enrolled 29 58.00 students
42% enrolled
Students only % students
only
All students 21 42.00 >8%

%

Answers to this question show that only 42% of lecturers make ER
available to all students, while 29% make them available to
enrolled students only. This indicated the volume of OER the
faculty is creating is not yet high.

Research question 8: What factors could facilitate providing
students with OER?

This question was a free question, 62 students responded with their
opinion on what factors that facilitate providing OER to students.
Responses are summarized as

Creating an electronic library at the university for OER

Creating websites for subjects that contain related materials
Providing good and free Internet connection for students

Creating an electronic library for the faculty Educational materials
Recording lectures and providing access to them online

Lecturers should direct students to OER
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Technical support
Providing venues for Internet to students at the university campus

Providing an access to Electronic libraries such IEEE and other
licensed libraries

Increase the awareness about OER within students

Conclusions

The main goal of this research paper was to measure the use of
OER at the Faculty of Information Technology, University of
Tripoli and to increase the awareness and importance of the OERs.
The survey results show that our students are very aware of the
OER and do use them to some extent. About 80% of the students
responded very positive to using OER in their study and they
believe that OERs have great impact on their understanding of the
subjects they study.

The survey results also show that most faculty teaching staff don’t
refer students to or encourage them to use OERs. This is an area
that needs to get more attention by the faculty administration.
However, it is worth mentioning that this research has two
limitations. First, the low response rate (111 out of the 1300
enrolled faculty students). Second, we did not include faculty
members in the survey. Our future work in this area will focus on
overcoming these limitations and we will try to get the faculty
administration involved in the process of formally adopting OERs.
We also plan to extend our research to cover all faculties within
the University of Tripoli.
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Abstract

Magnesium alloys has a very high specific strength and good
processing capacity, making it a meaningful alternative to the
aerospace and automotive industries. However, the low corrosion
resistance caused by high surface reactivity has weakened the
widespread use of these alloys. The corrosion behaviour of four
magnesium / aluminium matrix composites was investigated by
electrochemical and weight tests in 3.5 wt% NaCl and different PH
at room temperature. The corrosion products were analysed by
scanning electron by electrochemical and weight tests, Optical
Microscopy (OM) and by optimizing the composition elements.
From the results is noted that the corrosion damage is mainly
caused by the formation of Mg (OH)2 corrosion layer. Samples
10and15 show the highest corrosion resistance. The best
conditions for all experiments to determine: sintering temperature
of 500 °C, sintering time of 5 minutes, and the additive is B4C;
adding ratio of 2.5%.The corrosion of rate is 35.51mpy.The main
data extracted from the polarization curve are summarized in Table
2.

KeyWords: corrosion; optimization; metal matrix composites;
Optical Microscopy.

1. Introduction.

Magnesium-based light alloys belong to a class of structural
materials with more and more industrial concerns. Magnesium
alloys show the lowest density, low cost and large usability in
engineering metal materials [1]. Therefore, this light alloy has a
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promising future [2]. Due to their low density, high specific
strength and rigidity, magnesium alloys have become candidate
materials for many applications in the microelectronics and
automotive and aerospace industries. The relative density of
magnesium is 1.74 g / cm?, 35% lower than the relative density of
aluminium, and the weight of typical magnesium alloys is 35%
lower than the weight of their aluminium counterpart [3].
Magnesium and magnesium alloys are non-magnetic and have
relatively high heat conductivity, as well as good vibrations and
impact absorption capacity [4]. The severe limitation of the
potential use of several magnesium alloys is their sensitivity to
corrosion. Magnesium alloys, especially those with high purity,
have good resistance to atmospheric corrosion. However,
corrosion sensitivity in chloride-containing environments is a
serious problem [3]. Over the past 40 years, alloy design and
development, new surface treatment and improved corrosion
mechanism knowledge have led to an increase in the actual and
potential applications of magnesium alloys [5].

Mg Corrosion resistant alloys depend on several factors: (a) the
environment, (b) alloy composition and microstructure, and (c) the
properties of the film developed in the medium in which they are
exposed. With regard to the environment, the corrosion resistance
of magnesium alloys in chloride-containing solutions is highly
dependent on pH and CI Concentration, no significant effect of
oxygen concentration [6][7]. In general, magnesium and its alloys
are dissolved at very low rates in alkaline or poor buffered sodium
chloride solutions, where the pH can be increased by the formation
of partially protected Mg (OH)2 layers[6] . On the other hand,
chloride ions promote rapid attack in neutral aqueous solutions,
even higher acid solutions [6][8]. With the increase of CI -, the
corrosion rate also increases. lon concentration [6]. The corrosion
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of magnesium alloys in free-corrosion potentials in non-oxidizing
neutral or alkaline chloride solutions usually begins with irregular
pits and its diffusion horizontal and covering the entire
surface[9][10] . However, this mechanism is different from the
autocatalytic pitting experienced by stainless steel[11][12] . Since
there seems to is no large tendency to deep pitting, possibly due to
increased pH and formation of magnesium hydroxide film.
However, this is not always true, since the microstructures have a
significant effect on the corrosion mechanism, especially in two-
phase magnesium alloys. With regard to the composition of the
alloy composition and the microstructure, it is known that the
alloying element not only changes the mechanical properties of
magnesium but also imparts mechanical properties to magnesium
on the corrosion behaviour of the significant impact. The alloying
elements may form secondary particles, which are superior to the
magnesium matrix, and thus are convenient corrosion or
enrichment of corrosion products, which may inhibit the corrosion
rate[13] .

In general, it has been reported that increasing the Al concentration
in the Mg-Al alloy has a beneficial effect on the corrosion
behaviour in the chloride medium [14][15]. But specifically Al's
mechanisms and effects are still not well understood. For example,
Lunder[16] found that the concentration of 2-8 wt% Al in die-cast
AS(AI-Mg-Si alloys), AM(AI-Mg-Mn) and AE(AI-Mg- mixture
of rare earth elements)alloys increased However, reducing the
corrosion rate in 5% NaCl, the reduction in corrosion rate appears
to be related to a decrease in the impurity content as the Al content
increases. The most recent data compares the corrosion rates of
high purity alloys in 3% NaCl [17]. The results show that the
corrosion rate of HP-Mg5Al alloy is significantly higher than that
of HP-Mg, which is due to the micro electrochemistry of adjacent
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b. On the other hand, high purity two-phase industrial Mg alloys
(MEZ, AM60 and AZ91D) have the same properties HP-Mg,
although in fact these commercial alloys each have a two-phase
microstructure. The purpose of this work is to study the corrosion
behaviour of the four magnesium / aluminium matrix composites
in the 3.5% NaCl,. The effects of immersion time and Al
concentration on corrosion resistance were monitored by
electrochemical and weight tests, Optical Microscopy (OM) and
by optimizing the composition elements.

2. Experimental procedures

2.1. Test material

The chemical compositions of the tested magnesium matrix
carbides reinforced composites have been manufactured by hot
pressing as one of the powder metallurgy methods. As a matrix
material, (% 95Mg +% 5Al) alloy with a mixture of 99.8% purity,
-325 mesh size, aluminium powder having a purity of 99.5% and a
grain size of -325 mesh size was used for all experiments. For
carbides, they have a purity of 99.5% and a grain size of -325
meshes. The parameters and levels used in the production are
listed in Table 1.

Tablel. Parameters and levels used in composite production

Parameters Levels

1 2 3 4
A | Sintering temperature (°C) 400 450 500 550
B | Sintering time (minute) 1 3 5 7
C | Type of Additive B.C SiC Mo.,C |TiC
D | Rate of additive (by weight %) |0 25 5 10
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2.2. Sample Preparation

on The sample preparation procedure for electrochemical
experiment follows four steps; Step 1: For polarization and Tafel
polarization test, the magnesium alloy was connected to a copper
wire at first. Step 2: After a wire was attached to the sample, it was
embedded in a mould with the mixture of (polyester, Peru oxygen
and potassium permanganate) resin at room temperature. Step 3:
cold-mounting the mixture of (polyester, Peru oxygen and
potassium permanganate) was poured into a plastic mould
containing the assembly from steps 1 and 2. The samples were
allowed to set for at least 4 h to ensure proper curing of the
mixture of (polyester, Peru oxygen and potassium permanganate).
Step 4: After cooling, it was removed from the mould. The
samples were dried in a cold air stream immediately after the
grinding process. By taking several sizes of paper used in this
device, 360, 800, 1000 and 1200. At the time of polishing water
was used as a coolant. However, small amount of distilled water
was used because magnesium reacts with water and forms Mg
(OH) 2 the surface. After polishing, the samples were cleaned in
the ethanol bath using ultrasonic cleaner to remove any dust from
the surface.

2.3. Electrochemical measurements

A three-electrode corrosion cell which included a reference
electrode (RE), working electrode (WE) and auxiliary electrode
(AE), was used for all electrochemical corrosion tests. The cell had
a capacity of 1000 mL. The WE, which was the test specimen, was
centrally located in the test cell such that the exposed surface was
facing the AE, which was a graphite rod for all experiments. A
Saturated Calomel Electrode (SCE), in a salt bridge filled with
saturated KCI, was used as the RE for all tests. This electrode was
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placed approximately 1-2 mm from the WE surface to minimize
Osmic electrolyte resistance. All electrochemical tests were
conducted at room temperature using a GAMRY Reference 600
potentiostat. The RE was always calibrated against a standard RE
in saturated KCI before testing. Any potential difference observed
was used to correct the experimental data. However, if the
potential difference was more than = 10 mV, the RE was changed.

2.4. Immersion tests

The corrosion behaviour of the composites was studied by weight
loss method using mass loss and corrosion rate measurements as
basis for evaluating the results generated. The corrosion test was
carried out by immersion of the test specimens in 3.5wt% NacCl
solutions which were prepared following standard procedures. The
specimens for the test were cut to size (40 mm x 10 mm x 10 mm)
mm and then mechanically polished with emery papers from 320
down to 1200 grades to produce a smooth surface. The presence
of these Elements confirms the presence of silicon carbide 3.5wt%
NaCl at room temperature (25 °C). The corrosion setups were
exposed to atmospheric air for the duration of the immersion test.
The weight loss readings were monitored on a period of three days.
The mass loss (mg/cm?) for each sample was evaluated in
accordance with ASTM G31 standard recommended practice
following the relation: M. | = CW/A Where M. is the mass loss
(mg/cm2), CW is the cumulative weight loss (mg), and A is the
total surface area of the sample (cm2). Corrosion rate for each
sample was evaluated from the weight loss measurements
following the relation: C.R = KW/pAt. Where C.R is corrosion
rate (mmy), W is weight loss (g), D is the density (g/cm3), A is the
area (cm2), T is time (hours), and K is a constant equal to 87500.
W = Wi - Wf, Where W is the weight loss (g), Wi is the initial
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weight (g) and Wf is the final weight (g). Three repeat tests were
carried out for each composition of the composite, and the
reproducibility and repeatability were found to be good as there
were no significant differences between results from triplicates.
[18][19] .

3. Results and Discussion

In order to study the corrosion behaviour of the four magnesium /
aluminium matrix composites, , the Tafel polarization curve used
to evaluate the corrosion resistance of the Mg-Al alloy. The Tafel
curves for the various treatments of Mg-Al alloy in 3.5 wt% NaCl
solution are shown in (Figures . 1,2,3,4). Using the ground
condition as a reference curve, the four magnesium / aluminium
matrix composites sample curve moves significantly upwards. The
corrosion potential is increased from -1.599 V of the Mg-Al matrix
to -0.124 V of the 16 samples machined surface. In the Tafel
extrapolation method for measuring the corrosion rate of Mg, the
corrosion current density, icorr (mA / cm2) is estimated by the
Tafel extrapolation polarization curve, and icorr is related to the
average corrosion rate using [25][26] : Pi = 22.85 X icorr For the
Mg-Al matrix, the corresponding corrosion current density
obtained by Tafel fitting was 4.9 x 10° A/cm? 7.48 x 10 “ A/
cm 25.1x10°A/cm?and 4.36 x 10 5 A / cm ?, respectively
283 mpy), 431mpy, 29.46*10°mpy, 72.4 mpy Mg-Al matrix is
reduced. These results indicate that the corrosion resistance is
significantly improved Mg-Al matrices. A visible change in
sample current density can be attributed to the carbonization layer.
In the discharge process, can be considered to be electrochemical
processing, carbon potential is higher than magnesium, the
chemical properties of oxides than the substrate is more stable. As
shown, the carbonized layer shows good barrier properties to
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preventclon and other harmful ions to destroy the surface. This is
the reason why the corrosion resistance of magnesium alloy is
improved.

Tafel polarization for sample 11 in all the
concentration of NaCl with PH 2
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Figure 1. Tafel Polarization of Mg AL alloys at different concentrations

in Na Cl solution with pH = 2.
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Figure 2. Tafel Polarization of Mg AL alloys at different concentrations
Na ClI solution with pH =3
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Tafel polarization for sample 11 in all the
concentration of NaCl with PH 8
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Figure 3. Tafel Polarization of Mg AL alloys at different concentrations
in Na Cl solution with pH = 8.
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Figure 4. Tafel Polarization of Mg AL alloys at different concentrations
in NaCl solution with pH = 11
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Table2: Experimental Results of corrosion effects on Mg AL

composites in 3.5%NacCl solution
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B4C-
1 1(1|1|1] 400 1 saf 0 283 0.0463 | 0.115 49 -1.599
2 112|2]|2]| 400 3 |SiC 2,5 216 0.1434 | 1.089 316 -1.57
3 1{3|3]|3]400 5 [Mo2C 5 549 0.2516 | 0.278 926 -0.956
4 114 |4]4]| 400 7 |TiC 10 1320 890.6 861.9 2.08 | -1.57
5 2112 |3] 450 1 |SiC 5 1056 0.097 1.01 1.6 -1.53
6 21211141450 3 |B4C 10 431 0.1105 | 0.469 748 -1.54
7 |2[3|4|1|450 |5 ST;fC 0 |1052 |[0.3258 | 1 182 | -1.53
8 21413121450 7 |Mo2C 2,5 29460 | 2.21 8.274 51.1 | -1.54
9 3(1(3]4]500 1 [MoC 10 62490 | 1.626 2251 102 -1.49
101 3|2 (4| 3| 500 3 |TiC 5 879 0.0639 | 0.419 1.48 | -0.124
11 |13|3(1] 2] 500 5 |B4C 2,5 72.4 .0787 0.396 436 -1.52
12 | 3|42 |1]|500 7 SS;]E:- 0 235 0.054 0.317 126 -151
1314|142 ]| 550 1 |TiC 2,5 272 .0622 0.977 506 -1.52
M -
14 14123 |1]|550 3 sa]?zc 0 84 .0745 0.352 142 -1.55
151413 (2] 4| 550 5 |SiC 10 125 .0238 0.105 19.7 | -1.04
16 | 4|4 ])1|3|550 7 |BsC 5 177 .0564 0.443 307 -1.5
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Table 3. Immersion test in 3.5%NacCl solution

samples | weight before | weight after | weight Rate of

NO corrosion(gm) | corrosion(gm) | losses(gm) corrosion(mpy)

1 2.4769 2.0221 0.4548 79.412

2 2.7032 2.3207 0.3825 66.789

3 2.9667 0 2.9667 518

4 2.7342 1.9189 0.8153 142

5 2.6298 2.1462 0.4836 84.44

6 2.8443 2.28 0.5643 98.532

7 2.0747 1.6301 0.4446 77.631

8 2.678 0.7198 1.9582 341.92

9 2.5842 0 2.5842 496.238

10 2.6638 2.2291 0.4347 75.885

11 1.4353 1.2319 0.2034 35.51

12 2.7288 2.0011 0.7277 127.063

13 2.719 2.0079 0.7091 123.815

14 2.4857 2.0001 0.4856 85

15 2.3395 2.0555 0.284 49.589

16 2.669 2.1165 0.5525 96.471

Corrosion Rate of Mg matrix composites
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sample (1-16)
Figure 5. A logarithmic graph of the corrosion rate comparison of all
magnesium matrix composites (for 16 samples given in Table 2)
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4.5. Optical Microscopy

The microstructure was analyzed by means of an optical
microscope to examine the composite material produced. The Mg
AL matrix carbides reinforced composites were first ground and
then polished with different grades of sandpaper, then washed and
the samples were again polished. After compatibility with Keller's
reagent, they were analyzed under different magnification optical
microscopy, and all samples before and after corrosion were
analyzed, the shape is as follows, the shape of 6~ 9. From this
analysis it can be seen that the shape and composition of the
sample changed after erosion, all of which were affected except of
the sample of composites containing of Mg AL - 2.5% B4C, 500 °
C and 5 min sintered sample,(a)before corrosionand (b)after
corrosion, which had less effect of corrosion than other samples
shown below.

(a) (b)

Figure 6. Optical micrograph of composites containing of Pure MgAl)
sample sintered at 400 °C for 1 inute,(a)before corrosionand (b)after
corrosion
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(a) (b)

Figure 7. Optical micrograph of composites containing of MgAI -
% 2.5 SiC, sample sintered at 400 °C for 3 minutes,(a)before
corrosionand (b)after corrosion

(@) (b)

Figure 8. Optical micrograph of composites containing of MgAl - % 5
Mo,C, sample sintered at 400 °C for 5 minutes ,(a)before corrosionand
(b)after corrosion
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(b)

Figure 9. Optical micrograph of composites containing of Mg AL -

2.5% BA4C, 500 ° C and 5 min sintered sample,(a)before corrosionand

(b)after corrosion.

5. Conclusion

1. The corrosion attack of all tested magnesium alloys occurs

at the interface of the magnesium / aluminum matrix
composites intermetallic compounds by forming the
galvanic. Later, the nucleation and growth of irregular and
less protective etch layers consist mainly of Mg (OH) 2A-
Mg matrix. The increase in aluminum concentration in the
nominal composition of the alloy reduces the activity of
pure Mg in 3.5 wt% NaCl. However, magnesium /
aluminum matrix composites still exhibited high corrosion
rates.

The main reason for the higher corrosion resistance of
magnesium / aluminum matrix composites is related to the
double mechanism. First, the magnesium matrix dissolves
and corrodes the process attack is favorable for aluminum
enrichment on the metal surface and allows the formation
of semi-protective Al-rich oxide layers, thereby enhancing
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the corrosion resistance of the alloy. In addition, the b-
phase layered aggregation network acts as an obstacle to
the corrosion attack process.

Magnesium / aluminum matrix composites have corrosion
behavior, but different solidified structures change the
mechanism of corrosion attack alloy. In this case, the
corrosion resistance is completely attributed to the presence
of a eutectic aggregate network with a high B4C content,
which limits the corrosion attack.

Taking into account the best conditions for all experiments
to determine: sintering temperature of 500 °C, sintering
time of 5 minutes, and the additive is B4C, adding ratio of
2.5%.The corrosion of rate is 35.51mpy.

The effects of pH and concentration on the corrosion
behavior of Mg-Al alloys in NaCl solution was
investigated. The corrosion rate of magnesium alloys in
NaCl solution generally increases with increasing
concentration and decreasing PH.
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ABSTRACT

The primary aim of this study was to determine the location of
infection in the urinary system by laboratory diagnosis . To
compare the results of ultrasound diagnostics with the results of
microscopic examination in urine samples. Fifty nine urine
specimens were collected. Total numbers of Females werel8 and
Males were 41 .Specimens were collected from Al-Hawari general
Hospital ,Pediatrics Hospital , Al-Gala Hospital, Al jameea clinic
and Al-Haram clinic. Fifty nine mid stream urine (MSU)
specimens were collected from patients taken immediately after
the ultrasound examination for each case and a questionnaire was
taken from patients themselves. A comparison was made between
the results of the ultrasound examination and the results of the
examination of urine samples by microscopy. The following
results were found: The compatible results were 17(28.81%). And
the incompatible results were 42(71.18%). The results showed that
the percentage of infection in Females were 4(22.2%), and the
proportion of infection among males was 15(36.5%). And the total
number of cases infected with UTI werel9 ( 32.2%) out of 59
cases. The microscopic diagnosis of the urine sample depends on
the type of epithelial cells lining the urinary system in addition to
the presence of white blood cells, red blood cells and albumin in
the urine. The microscopic samples were determined the location
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of the infection by diagnosing the epithelial cell type. In this case,
the results of squamous epithelial cells (medium or large amount )
that indicated the presence of infection were significant in the
urethra, while the presence of squamous and transitional epithelial
cells that indicate an infection in the urethra and bladder, the
presence of renal tubular cells indicates kidney infection and these
results were identical with ultrasound findings. While the
inconsistent results showed a significant difference. Ultrasound
results showed that the urinary system was in a normal state. While
the results of the microscopic examination that the cases suffer
from urinary infections of varying intensity such as the presence of
pus cells, blood and epithelial cells in different forms and the
emergence of different types of crystals of different sizes and

types.

Key words: Urinary Tract Infection; epithelial cells; location of
infection; microscopic examination; ultrasound examination.

1.Introduction

Urinary tract infections (UTIs) are among the most common
bacterial infections. It has been estimated that symptomatic UTIs
result in as many as 7 million visits to outpatient clinics, 1 million
visits to emergency departments, and 100,000 hospitalizations
annually [1]. UTIs have become the most common hospital-
acquired infection, accounting for as many as 35% of nosocomial
infections, and they are the second most common cause of
bacteremia in hospitalized patients [2,3]. The annual cost to the
health care system of the United States attributable to community-
acquired UTI alone is estimated to be approximately $1.6 billion
[4]. UTlIs are challenging, not only because of the large number of
infections that occur each year, but also because the diagnosis of
UTI is not always straightforward. Physicians must distinguish
UTI from other diseases that have a similar clinical presentation,
some UTlIs are asymptomatic or present with atypical signs and
symptoms, and the diagnosis of UTIs in neutropenic patients (who
do not typically have pyuria) may require different diagnostic
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criteria than those used for the general patient population. Because
of these factors, physicians frequently rely on a small number of
imperfect laboratory tests to augment clinical impressions; even
when clinical diagnoses are unequivocal, physicians may order
laboratory tests to identify the cause of the infection and/or to
provide isolates for antimicrobial susceptibility testing. It therefore
comes as no surprise that the laboratory examination of urine
specimens accounts for a large part of the workload in many
hospital-based laboratories. In fact, in many clinical laboratories,
urine cultures are the most common type of culture, accounting for
24%— 40% of submitted cultures; as many as 80% of these urine
cultures are submitted from the outpatient setting. The purpose of
this review is to summarize the laboratory diagnosis of routine UTI
using current diagnostic methods. The review will not cover the
diagnosis of UT]I in special patient populations, a topic that merits
a separate review. Urinary tract infection (UTI) describes
microbial colonization or inflammation of the bladder (cystitis),
urethra (urethritis), or renal pelvis and kidneys (Pyelonephritis).
UTIs are one of the most widely spread and costly medical
complication of pregnancy, occurring in nearly 20% of all
pregnancies. They are also accountable for 10% of all admissions
to hospital during pregnancy®IEI7IEl  Urinary tract infections
(UTIs) are the most prevalent bacterial infections encountered
during pregnancy. It includes two groups: asymptomatic (ASB)
and symptomatic bacteriuria. Asymptomatic bacteriuria is defined
as the persistent presence of bacteriuria within the urinary tract of
women who have no symptoms. A specimen of clean voided urine
containing more than 100.000 colonies per milliliter of a single
organism is diagnostic. Symptomatic bacteriuria combines lower
UTI (cystitis) and upper UTI (Pyelonephritis) [281L],

1.2 Objectives of the study
1. To determine the location of infection in the urinary system by
laboratory diagnosis .

146 Copyright © ISTJ A% ghaa aaal) (368a
;\mb ?3""“ @3.\1\ M


https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4
https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4

International i bl iy iy
Science and Technology Journal Volume 17 2 s eenr o Trekasng el

LaEillg aglell Ldgal) Alnal) April 2019 J: I S T.J }\(

2. To compare the results of ultrasound diagnostics with the results
of microscopic examination in urine samples.

2.LITERATURES REVIEW

2.1 Urinary tract infection (UTI)

urinary infection is define as bacteriuria, the multiplication of
bacteria in urine within the renal tract, with a concentration greater
than 10° organism/ml is regarded as significant bacteriuria, urinary
tract infection remain a major clinical problem over 50 years after
introduction of antimicrobial chemotherapy many consultations in
general practice are because of urinary infection, Infection of
urinary tract may involve anywhere along urinary tract (bladder,

kidney, pelvis, parenchyma, or urethra) 2%,

2.2 Epidemiology

Urinary tract infections are the most frequent bacterial infection
in women. P4They occur most frequently between the ages of 16
and 35 years, with 10% of women getting an infection yearly and
more than 40-60% having an infection at some point in their lives.
(221231 Recurrences are common, with nearly half of people getting
a second infection within a year. Urinary tract infections occur
four times more frequently in females than males. [?2
Pyelonephritis occurs between 20-30 times less frequently. 2%
They are the most common cause of hospital acquired
infections accounting ~ for  approximately — 40%.[*l Rates  of
asymptomatic bacteria in the urine increase with age from two to
seven percent in women of child bearing age to as high as 50% in
elderly women in care homes. [?°1 Rates of asymptomatic bacteria
in the urine among men over 75 are between 7-10%.[2
Asymptomatic bacteria in the urine occurs in 2% to 10% of
pregnancies.?”l Urinary tract infections may affect 10% of people
during childhood. 22 Among children urinary tract infections are
the most common in uncircumcised males less than three months
of age, followed by females less than one year. 81 Estimates of
frequency among children however vary widely. In a group of
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children with a fever, ranging in age between birth and two years,
two to 20% were diagnosed with a UT]. [?8]

2.5 Urinary tract system

Urinary tract makes and store the urine until it’s evacuated. The
urinary tract is divided into two major divisions: upper, which
include (kidney, renal pelvis and ureters and lower, which
include(urinary bladder and urethra) .Ul

2.5.1 Kidney

Two kidneys function to excrete most of waste products of
metabolism, which leave the kidneys as urine. They lie behind the
peritoneum on the posterior abdominal wall on either side of
vertebral column, the right kidney lie slightly lower than the left
one and neuron is the functional unite % . The kidneys measure
about 4 % inches long, 2 ¥ inches wide, 1 % thick.[*!]

2.5.2 Ureters

the two Ureters are muscular tubes that extend from kidney to
the posterior surface of the urinary bladder, the urine is propelled
along the ureter by peristaltic contractions of muscle coat, each
ureter measure about 10 inch in long, Ureters have three
constrictions along its course: where the renal pelvis (funnel-
shaped) joins the ureter, where it is kinked as it crosses the pelvic
brim, and where it pierces the bladder .
2.5.3 Urinary bladder

Urinary bladder is immediately directly behind the pubic bone
within the pelvis, it’s receptacle for the storage of the urine, in
adult maximum capacity of about 500ml, it’s strong muscle and
it’s shape is vary according the amount of urine, empty bladder is
pyramidal. Having apex, base, neck and two in ferolateral
surface.l?

2.5.4 Urethra
Urethra is muscular tube for the passage of urine in both sex
and semen in male. Extend from the bladder neck to the tip of
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penis in the male, and the area between the vagaina and pubic bone
in female!*}!. In female urethra is about 1.5 inch; in male is about 8
inch .32

2.6 Histological structure of urinary system
2.6.1 Urethra
1. Penile urethra within corpus spongiosum.
2. Pseudostratified columnar epithelia.
3. Distal end - stratified squamous.

2.6.1.1 Squamous epithelial cells

These can be keratinized or non-keratinized. Non-keratinized
squamous epithelial cells originate from the distal urethra, prepuce
and/or vagina. They are larger than transitional cells and have
small central nuclei. They can be round or have one or more flat
border. Keratinized squamous epithelial cells are from the skin or
vulva and are large cells with angular borders. They may or may
not have nuclei. Nuclei are more visible in cells when the urine is
stained with Sedi stain. If in doubt about the origin of the cells, a
Wright's stain (routine hematologic stain) can be performed on a
urine sediment and demonstrates the central nuclei and angular
borders of squamous epithelial cells. Squamous cells are
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frequently seen as contaminants in voided urine samples and can
also contaminate samples collected by catheterization. Urine
collected by cystocentesis should not contain any squamous
epithelial cells. Note that although these cells are considered
contaminants, large numbers may represent abnormal
genitourinary conditions, specifically squamous metaplasia of the
prostate in the dog. This occurs secondary to excess estrogen,
usually secreted by testicular tumors (particularly Sertoli cell
tumors, but this has also been reported with interstitial cell
tumors).

2.6.2 Cyst Bladder
1. Epithelium - transitional epithelia.

2. Apical plaques - thickened domain allows great changes in
surface area.

3. Lamina propria - mainly of dense connective tissue, with many
bundles of coarse collagenous fibers.

4. Muscularis - consists of aninner longitudinal and outer
circular layer of smooth muscle cells.

5. In the bladder (and lower parts of the ureters) an additional
outer longitudinal layer of muscles is added to the first two.
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Figure (2 ) : Bladder histology

2.6.2.1 Transitional epithelial cells

The urinary tract from the pelvis down the ureters to the bladder
and the proximal urethra is lined by transitional epithelial cells.
These cells vary in size and shape depending on the location from
which they originate, e.g. those from the renal pelvis are more
caudate whereas those from the bladder are more round to
polygonal and vary in size. These cells naturally slough into the
urine in quite low numbers, so none to a few transitional epithelial
cells are seen in the urine from healthy animals. Note that this
depends on the method of urine collection, since these cells will be
sloughed (traumatically) when the bladder is catheterized.
Transitional epithelial cells must be distinguished from WBC,
because they both have the same granular appearance. In general,
transitional epithelial cells are larger and have more irregular
borders than WBC.

2.6.3 Renal

2.6.2.1 Renal tubular epithelial cells

These are rarely seen in the urine and, as mentioned above, are
very difficult to distinguish from transitional epithelial cells. If
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large numbers of smaller epithelial cells of uniform appearance

(size and shape) are observed in the urine, a renal origin for these

cells is suspected. Figure (3 ) : Ureters histology Transitional

epithelial cells tend to be more variable in size and shape (to some

extent). Sloughing of large numbers of renal tubular epithelial cells

would indicate renal tubular injury. And figure (4) appearance the

different shapes of epithelial cells in different sites in urinary

system.

2.6.4 Ureters

1. Epithelium - transitional epithelia.

2. Lamina propria - mainly of dense connective tissue, with many
bundles of coarse collagenous fibers.

3. Muscular is consists of aninner longitudinal and outer
circular layer of smooth muscle cells.

4,
Ureter H&E
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Figure (3) : Ureters histology
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Figure ( 4 ): Different forms of Epithelial cells

2.7 Type of infection

Infection is most often due to bacterial from patient’s own
bowel flora. Transfer to the urinary tract may be via the blood
stream, the lymphatic or by direct extension, but the most often via
the ascending transurethral rout .1*7)

2.7.1 Infection of the urethra (urethritis).

This type of UTI can occur when GI bacteria spread from the
anus to the urethra. Also, because the female urethra is close to the
vagina, sexually transmitted infections, such as herpes, gonorrhea,
Chlamydia and mycoplasma, can cause urethritis.*”’

2.7.2 Infection of the bladder (cystitis).

This type of UTI is usually caused by Escherichia coli (E. coli),

a type of bacteria commonly found in the gastrointestinal (GI)
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tract. However, sometimes other bacteria are responsible. Sexual
intercourse may lead to cystitis, but you don't have to be sexually
active to develop it. All women are at risk of cystitis because of
their anatomy specifically, the short distance from the urethra to
the anus and the urethral opening to the bladder.[*”’

2.7.3 Infection of Pyelonephritis

is an inflammation of the kidney tissue, calyces, and renal
pelvis. It is commonly caused by bacterial infection that has spread
up the urinary tract or travelled through the bloodstream to the
kidneys. A similar term is "pyelitis" which means inflammation of
the pelvis and calyces. In other words, pyelitis together with
nephritis is collectively known as Pyelonephritis. Severe cases of
Pyelonephritis can lead to Pyonephrosis (pus accumulation around
the kidney), sepsis (a systemic inflammatory response of the body
to infection), kidney failure, and even death.[*?!

2.8. Diagnosis

In straightforward cases, a diagnosis may be made and
treatment given based on symptoms alone without further
laboratory confirmation. %In complicated or questionable cases, it
may be useful to confirm the diagnosis via urinalysis, looking for
the presence of urinary nitrites, white blood cells(leukocytes),
or leukocyte esterase. [YJAnother test, urine microscopy, looks for
the presence of red blood cells, white blood cells, or bacteria.
Urine culture is deemed positive if it shows a bacterial colony
count of greater than or equal to 10° colony-forming units per mL
of a typical urinary tract organism. Antibiotic sensitivity can also
be tested with these cultures, making them useful in the selection
of antibiotic treatment. However, women with negative cultures
may still improve with antibiotic treatment.[% As symptoms can
be vague and without reliable tests for urinary tract infections,
diagnosis can be difficult in the elderly .[6%

2.8.1 UTIs diagnosed
To find out whether a person has a UTI, the health care provider
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will ask about urinary symptoms and then test a sample of urine
for the presence of bacteria and white blood cells, which are
produced by the body to fight infection. Because bacteria can be
found in the urine of healthy individuals, a UTI is diagnosed based
both on symptoms and a laboratory test. The person will be asked
to give a “clean catch” urine sample by washing the genital area
and collecting a “midstream” sample of urine in a sterile container.
This method of collecting urine helps prevent bacteria around the
genital area from getting into the sample and confusing the test
results. Usually, the sample is sent to a laboratory, although some
health care providers’ offices are equipped to do the testing. For
people with recurring infections and patients in the hospital, the
urine may be cultured. The culture is performed by placing part of
the urine sample in a tube or dish with a substance that encourages
any bacteria present to grow. Once the bacteria have multiplied,
which usually takes 1 to 3 days, they can be identified. The health
care provider may also order a sensitivity test, which tests the
bacteria for sensitivity to different antibiotics to see which
medication is best for treating the infection. If a person has
recurrent UTIs, the health care provider may order some additional
tests to determine if the person’s urinary tract is normal.[®*]

Tests and procedures used to diagnose urinary tract infections
include:

2.8.2. Urine samples
2.8.2.1 Analyzing a urine sample

Your doctor may ask for a urine sample for lab analysis to look for
white blood cells, red blood cells or bacteria. To avoid potential
contamination of the sample, you may be instructed to first wipe
your genital area with an antiseptic pad and to collect the urine
midstream.

155 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M


https://en.wikipedia.org/wiki/Urinary_tract_infection#cite_note-Review08-4

International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

LaEillg aglell Ldgal) Alnal) April 2019 J: I S T.J }\Q

2.8.2.2 Growing urinary tract bacteria in a lab

Lab analysis of the urine is sometimes followed by a urine culture.
This test tells doctor what bacteria are causing the infection and
which medications will be most effective.[¢4!

2.8.3 Creating images of urinary tract

2.12.3.1 Kidney and bladder ultrasound

Ultrasound uses a device, called a transducer, that bounces safe,
painless sound waves off organs to create an image of their
structure. The procedure is performed in a health care provider’s
office, outpatient center, or hospital by a specially trained
technician, and the images are interpreted by a radiologist— a
doctor who specializes in medical imaging; anesthesia is not
needed. The images can show abnormalities in the kidneys and
bladder. However, this test cannot reveal all important urinary
abnormalities or measure how well the kidneys work.[®*]

2.8.3.2 Voiding cystourethrogram

This test is an x-ray image of the bladder and urethra taken
while the bladder is full and during urination, also called voiding.
As the person lies on the x-ray table, a health care provider inserts
the tip of a thin, flexible tube called a catheter through the urethra
into the bladder. The bladder and urethra are filled with a special
dye called contrast medium, to make the structures clearly visible
on the x-ray images. The x rays are taken from various angles
while the bladder is full of contrast medium. The catheter is then
removed and x-ray images are taken during urination. The
procedure is performed in a health care provider’s office,
outpatient center, or hospital by an x-ray technician. The
technician is supervised by a radiologist while the images are
taken. The radiologist then interprets the images. Anesthesia is not
needed, but light sedation may be used for some people. This test
can show abnormalities of the inside of the urethra and bladder.
The test can also determine whether the flow of urine is normal
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when the bladder empties. %]
2.8.3.3 Computerized tomography (CT) scan

CT scans use a combination of x rays and computer technology
to create three-dimensional (3-D) images. A CT scan may include
the injection of contrast medium. CT scans require the person to lie
on a table that slides into a tunnel-shaped device where the x rays
are taken. The procedure is performed in an outpatient center or
hospital by an x-ray technician, and the images are interpreted by a
radiologist; anesthesia is not needed. CT scans can provide clearer,
more detailed images to help the health care provider understand
the problem.[®”]

2.9. Prevention

A number of measures have not been confirmed to affect UTI
frequency including: urinating immediately after intercourse, the
type of underwear used, personal hygiene methods used after
urinating or defecating, or whether a person typically bathes or
showers. 91 There is similarly a lack of evidence surrounding the
effect of holding one's urine, tampon use, and douching. ! In
those with frequent urinary tract infections who use spermicide or
a diaphragm as a method of contraception, they are advised to use
alternative  methods.  "®lIn  those  with benign  prostatic
hyperplasia urinating in a sitting position appears to improve
bladder emptying which might decrease urinary tract infections in
this group. 8% Using urinary catheters as little and as short of time
as possible and appropriate care of the catheter when used prevents
infections. BUThey should be inserted using sterile technique in
hospital however non-sterile technique may be appropriate in those
who self-catheterize. B4The urinary catheter set up should also be
kept sealed. [ Evidence does not support a significant decrease in
risk when silver-alloy catheters are used.[®l

2.10. Treatment

The mainstay of treatment is antibiotics. Phenazopyridine is
occasionally prescribed during the first few days in addition to
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antibiotics to help with the burning and urgency sometimes felt
during a bladder infection. IHowever, it is not routinely
recommended due to safety concerns with its use, specifically an
elevated risk of Methemoglobinemia (higher than normal level
of Methemoglobin in the blood).%! Acetaminophen (paracetamol)
may be used for fevers.*’IThere is no good evidence for the use of
cranberry products for treating current infections.’$1]

3. MATERIAL AND METHODS

3.1.Methods

3.1.1.Study area

Specimens were collected from Al-Hawari general Hospital
,Pediatrics Hospital , Al-Gala Hospital, Al jameea clinic and Al-
Haram clinic.

3.1.2.Study population

Fifty nine urine specimens were collected. Total numbers of
women was18 and men was 41 . 12 were children and 38 adults.
3.1.3.Collection of specimens

Fifty nine mid-stream urine (MSU) specimens were collected
from patients taken immediately after the ultrasound examination
for each case and a questionnaire was taken from patients
themselves.

3.1.4 Date of collection

A total of 59 urine samples were collected from 5-12-2017 to 10-
12-2017.

3.1.5 Statistical Analysis

Statistical Package for Social Science (Excel ).
3.2.Materials

3.2.1 Instruments and equipment
-Centrifuge

- Urine container

-slides and cover slides

-Urine dipstick stripes ( 10 parameters )
-Microscope
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4.RESULTS AND DISCUSSION

A total of 59 samples of med- stream urine were collected from
patients after the completion of the ultrasound examination. The
number of males was (41) cases and the females were( 18) cases. A
comparison was made between the results of the ultrasound
examination and the results of the examination of urine samples by
microscopy. The following results were found: Pus or blood,
epithelial cells with different shapes and the appearance of
different types of crystals in different sizes and types.
The compatible results was 17(28.81%). And the results were
incompatible was 42(71.18%). The following figure( 5 ). The
results showed that the percentage of infection in Females was
4(22.2%), and the proportion of infection among males was
15(36.5%).The percentage of children infected was 4(19.04%).
And the total number of cases infected with UTI was19 ( 32.2%) a
total of 59 cases, Microscopic diagnosis of urine sample was
depend on type of epithelial cells lining the urinary system in
addition to the presence of white blood cells, red blood cells and
albumin in the urine. The microscopic specimens were identified
to determine the location of infection by a diagnostic the type of
epithelial cells. In this case of squamous epithelial cells in a
moderate or plenty that indicate of a significant the presence of
infection in the urethra. While the presence of squamous and
transitional epithelial that indicative of the presence infection in
urethra and bladder. And the presence of renal tubular cells
indicative of kidney infection and proved these results with the
results of ultrasound examination. While incompatible results
showed a significant difference. The results of the ultrasound
examination showed that the urinary system was in a normal
condition. While The results (tableland table 2) of the microscopic
examination showed that the cases suffer from urinary infections
of varying severity such as the presence.
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Table (1) :The percentage of compatible and incompatible results

Results Number of samples Percentage %
Compatible results 17 28.81%
Incompatible results 42 71.18%
Totale of samples 59s

& compatible

incompatible

Figure (5) : The percentage of compatible and incompatible results.

Table(2) : The difference between infected and non-infected patients
in male and female.

Gander Infected Non infected Total
Male 15 26 41
Female 4 14 18
Total 19 40 59
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Figure (6) : The difference between infected and non-infected patients in
male and female

Right Kidney rormal i 22 weh erma prenchyml eco nd rrmal e
system, mid polr corticalcyst 2.5 om, o stones seen

LeftKidney :normal i 2 withnormal porenchymalechoand norml el stem
2.5 om cortical cyst, small non obstructing stone seen

Urinary bladder : full thckesed woll with maltle smolstones een

Figure (7 — a): Compatible results -Ultrasound report
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Figure (7 — b). Compatible results- Microscope report

Figure (7 — c) : Compatible results -Image of microscope
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nghf kﬁdﬂ?}" normal in size with normal parenchymal echo and normal pelwcalycea
system, no stones

Left kidney :normal in size with normal parenchymal echo and normal pelvicalyceal system
no stone.

Urinary bladder : full with normal wall.

Uterus : normal size and echo with free adnexia .

Figure (8 —a). Incompatible result - Ultrasound report
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Figure (8 — b). Incompatible result - Microscope report

Figure (8 — c) : Incompatible result - Image of microscope
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Right kidney :normal in size with normal parenchymol echo and normal pelvicalycen’
system, no stones .

Left kidney :normal in size with nermal parenchymal echo and normal pelvicalycenl system
no stone.

Urinary bladder : full with normal wail.

Uterus : normal size and echo with free adnexia .

Figure (9 —a): Incompatible result - Ultrasound report

MICROSCOPICAL EXAMINATION

___TYPE  RESULIE | NoTE__

CRYSTALS Small, Medium, |

(;\\\»TQ - : . Hyairs :, uiar :,.} ;
OTHERS | Baders yesss

Figure (9 — b) Incompatible result - Microscope report

Figure (9 —c) : Incompatible result - Image of microscope
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5.CONCLUSION

The results based on the study concluded that microscopy is
very important to determining the infection of microbial and
determine the location of infection in urinary system by
determining the type of cells lining the urinary system as well as
the lack of material cost of the test and the speed of completion of
this test in the diagnosis of the disease to help the doctor in the
treatment of patients with urinary tract infections. Everyone knows
that the length of time in the injury leads to complex problems
difficult to cure. The Ultrasound of the urinary system is expensive
and may take time to obtain, especially in the current situation.
Knowing that diagnosis Ultrasound is of medical importance in the
diagnosis of many diseases in the urinary system such as
obstructive and anatomical diseases, which cannot be detected in
routine urine examination.

6.RECOMMENDATIONS

1. It is advisable to research this topic in the future to reach the
most accurate and quick results that benefit to the patient.

2. It 1s recommended that early examinations of cases to avoid the
complex problems that occur to the patient and may lead to renal
failure.

3. It is recommended to cooperate between doctors specializing in
urinary diseases and lab workers to reach the best solutions to treat
the injured.

4. Encourage laboratories to add cellular diagnostics to Urine
analysis.
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Evaluation of Geostatic Interpolation Methods Based
on GIS For Estimation Aquifers Transmissivity

(Tazerbo Wellfield - GMMRP, SE Libya) As a Case Study.
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Abstract

In interpolation of aquifer transmissivity due to unknown
distributed values, both the best and the unbiased aspects are
frequently difficult to obtain. For that purpose, this study aim is to
compare between seven geostatistical interpolation methods based
on geographic information system GIS, for prediction of Tazerbo
wellfield aquifer Transmissivity (T) m?/min. As well as setting the
criteria for choosing the most appropriate interpolation method to
predict the spatial distribution maps based on measured data from
108 wells at Tazerbo Wellfield, GMMR, SE Libya. As validation
results, it was found that Radial Basic Function (RBF), and Inverse
Distance Weighting (IDW) are the most suitable methods for
creating the transmissivity T m?/min maps for the study area, with
MAPE%=0, and E=1. The aquifer properties maps produced in the
geographic information system (GIS) give additional data and
information that describe the aquifer system, will ultimately
improve sustainable groundwater management in Libya.

Keywords: GIS, Geostatistics Interpolation, Transmissivity,
Tazerbo wellfield.
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1. INTRODUCTION

Libya receives very low precipitation due to its location in an arid
climate. For that reason, Libyan government established the Great
Man-Made River project (GMMRP) for transporting 6.5 Mm®/day
from aquifers located beneath the deserts to the coastal cities (Al
Faitouri, 2013). For this study, one from three aquifers in the Sirt
and Al Kufra Basin (GMMRP- Phase 1) will be focusing witch is
Tazerbo wellfield, (Figurel). The groundwater aquifer in Tazerbo
wellfield is the one of source of household and agricultural needs
in Libya. Therefore, it is necessary to rationalize the ground water
in this area through proper planning, which depends on models to
help the decision-maker to take the correct steps in the planning
and investment optimization of this project. Proper planning
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requires analysis and study the aquifer behavior, and the
development of accurate digital maps that show its properties.
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Figure.l. Layout of the Great Man-Made River Project, and Tazerbo
Wellfield location- Libya with ID for each well.

One of the problems facing hydrogeological studies is the
estimation of the data values in a given location, either because the
data are missing or the site does not have measurements. The
scientific method in this case is to take random samples from that
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area and then to predict unknown points. These mathematical
processes are called geostatistical interpolation. With the
development of GIS technology, interpolation, analysis of
groundwater data with geostatistical models has become easier and
more operable (Xiao, and et al, 2016).

Many researchers applied geostatistical techniques for spatial
distribution of groundwater aquifer properties listed as:
Ahmadzadeh, and Jafari, 2015, their study is a comparison of
geostatic methods based on GIS for determining the best
interpolation method for zoning the aquifer transmissivity in
Shabestar plain. In their research, the Inverse Distance Weighting,
local interpolation and Kriging methods were adopted. Their
results indicated that Kriging method with exponential variogram
are chosen as the best method of interpolation and map creation.
Mace, 2011, his study in Texas had shown the estimation of
transmissivity from specific capacity data points of 1083 in the
Edwards aquifer, 1973 in the sandstone aquifers of North Central
Texas, and 9500 in the Carrizo-Wilcox aquifer. The Geostatistical
techniques were developed named Kriging with linear regression
and Cokriging. His results show that the Cokriging may offer
better results than Kriging with linear regression. LO and et al,
2016, in their research a mapping of the transmissivity of the
Senegalese deep aquifer system, using geostatistical methods with
Kriging as an estimator. Their results show that the semivariogram
of the transmissivity coefficient could be described by spherical
model. Al-Murad, and et al, 2018, in their study a Kriging is used
to characterize the transmissivity of the two aquifers in Kuwait
(the Dammam and Kuwait Group aquifers). His results show that
extrapolated transmissivity values using Kriging can be used for
development of numerical modeling studies for the aquifer system
in the region of his study.
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In this study the main objective is to assess the accuracy of various
Geostatistical interpolation methods, including the (Empirical
Bayesian Kriging (EBK), Radial Basic Function (RBF), Inverse
Distance Weighting (IDW), Global Polynomial Interpolation
(GPI), Kernel Interpolation With Barriers (KIB), Local Polynomial
Interpolation (LPI), Diffusion Interpolation With Barriers (DIW))
to determine the best interpolation method for estimation the
transmissivity of Tazerbo wellfield aquifer.

2- Study Methodology and Area of Study:

1-2 Area of Study:
Tazerbo wellfield is one of three wellfields of GMMRP Phase |I. It

is bounded by longitudes 21° and 22° E and by latitudes 25° and
26° N and consists of 108 production wells distributed in 6 lines,
with a distance of 1.3 km between two wells and distributed into
three parallel lines; each line is divided in two sections, and each
line is 50 km long and consists of 36 wells see Figuerl. The total
depth of the production wells in Tazerbo wellfield ranges from 460
to 580 m. The depth to water is variable, from 260 m in the NE and
NW to 400 m in the SE and SW. Transmissivity had been
estimated based on the pumping tests is between 3.71x107 to
7.92x107° m?/s, and the storability is between 2.1 x% to 0.77x10°
(Al Faitouri,2013).

2-2 Cooper-Jacob Methods For Determining The Aquifer
Transmissivity:

Cooper-Jacob, 1946, in his analysis presented a pumping test in
which drawdown at a piezometer distance r from the abstraction
well is monitored over time. This is also based upon the Theis
method analysis from the definition of u. It can be seen that u
decreases as the time of pumping increases and as the distance of
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the piezometer from the well decreases. W (u) is the well function,
estimated by (Kruseman, and Ridde, 2000):

u? u? u* (1)

W('u)=—0_577—lnﬂ+ﬂ—7x2!+?X3!—ZX4!+"',

and u is defined as:

7S 2)
YTt
Where:

t= time since beginning of pumping, T= Transmissvity, s=
storage coefficient for confined aquifers, r = piezometer distance
from the abstraction well .

So, for piezometers close to the pumping well after sufficiently
long pumping times, In(u) become negligible. Hence for small
values of u, the drawdown can be approximated by:

230 2.25T 3)
S = a7 108775 ¢
Where:

Q= constant flow rate of the pumping well, s =the drawdown.

Because of Q, T, and S are constant, if used drawdown
observations at a short distance r from the well, a plot of
drawdown s versus the logarithm of t forms a straight line. If this
line is extended until it intercepts the time-axis where s =0 , t = to,
and the slope of the straight line (Figure 2), the drawdown
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difference as per log cycle of time log t/to = 1 also substituting
these values into Equation 3 gives (Kruseman, and Ridde, 2000):

_23Q (4)
"~ 4mAs
2.25Tt
5o 225 (5)
r

Drawdown
{7

1 ! by | | lIIlJl‘ 1 | b=t | 11
1 10 100 1000

Time (min)

Figure 2 Drawdown Time — Cooper-Jacob method.

3-2. Geostatistical Interpolations Methods:

Geostatistical analyst uses sample points taken at different
locations in a landscape and creates (interpolates) a continuous
surface. The features of Geostatistical analyst are discussed in
details in the next parts.:
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1. Empirical Bayesian Kriging (EBK) Interpolation model:.1

Kriging is a prediction method that considers values of a variable
in ensamples points as a linear composition of the values of
surrounding points. Considering the values of variable Z in n
measured points as following:

Z = (Z(x1), Z(x3), ... Z(xy)) (6)

Estimation of Z in point Xo using Kriging estimation is defined
as:

Z(x0) = ) AZx) 0

Where:
Z(x,) = interpolated value for grid node, Z(x;) = the measured
points, A; = Kriging statistical weight.

This method can be used to produce an accurate grid of data, or
can be custom-fit to a data set by specifying the appropriate
variogram model. The experimental variogram measures the
average degree of dissimilarity between unknown values and a
nearby data value and thus can depict autocorrelation at various
distances. The value of the experimental variogram for a
separation distance of h (referred to as the lag) is:

n(h)
1 2
v() =5 z [20x) = 2(x; + )] ©

Where:
n (h) = the number of data pairs within a given class of distance and
direction.
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The most important part of Kriging is statistical weighs assigned to
Ai. To avoid bias of estimation, the weights should be determined in
a way that summation is equal to one .

2-Inverse Distance Weighted (IDW) Interpolation Model:

In interpolation with IDW method, a weight is attributed to the
point to be measured. The amount of this weight is depended to the
distance of the point to another unknown point. The general
formula of inverse distance weighted as follows:

=S 1 ©)
1=1hi§§
1
h, = /d§ + 52 (10)
Where:

hi,, = effective separation distance between grid node j and the
neighboring point i. Zj = Interpolated value for grid node j, z; =
neighboring knowing points, d,, = distance between grid node j

and the neighboring point i, B = weighting power parameter, 6 =
smoothing parameter.

The weighting power parameter determines how quickly weights
fall off with distance from the grid node. As the power parameter
increases, the generated surface is a "nearest neighbor" interpolator
and the resultant surface becomes polygonal. The polygons
represent the nearest observation to the interpolated grid node. The
Smoothing factor parameter is allowed to incorporate an
"uncertainty” factor associated with the input data. The larger the
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smoothing factor parameter, the less overwhelming influence any
particular observation has in computing a neighboring grid node.

3-Global polynomial (GPI) Interpolation Model:

Global polynomial interpolation fits a smooth surface that is
defined by polynomial mathematical function to the input sample
points. The global polynomial surface changes gradually and
captures coarse surface-scale pattern in the data. Global
polynomial interpolation simply uses multiple regression method
for all of the data. A response surface is fitted to the x- and y-
coordinates, for an example the third - order trend model is:

Z(xi,y1) = B% + Bixi + B2yi + B3xi2 + Bryi? + Boxiy;
+ ﬁ6xi3 + ﬁ7yi3 + ﬁgxizyi + ﬂgxi}Iiz

+ (x5, yi) 1

Fitting regression models by estimating parameter (f;) uses
ordinary least squares.

Where:

Z(x;, yp)=datum at the location (x;y;),fj =constant parameter,
and e(x;, y;)= random error .

4-Local Polynomial (LPI) Interpolation Model:

Local polynomial interpolation is similar to global polynomial
interpolation, except that it uses data within localized “windows”
rather than using all of the data, so it fits local trends it uses
weights. The window can be moved around, and the surface value
at the center of the window call it y (x ,y), is estimated at each
point . Weighted least squares is used by minimizing:
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z wi(Z(x3,¥1) — Mo(x;, Yi))z
i=1 (12)

weight w; = exp(—3djo /a ),

Where:

n = number of points within the window, d;, = distance between
the point and the center of the widow, a = parameter that controls
how fast weights decay with distance , po(x;,y;) = value of the
polynomial.

For an example of second -order polynomial:

no(xy, yi) = B° + Bxi + B2y + B3xi* + By (13)
+ B>xiyi+Bxi%y: + B xiyi® + €(xi, yi)

5-Radial Basis Functions (RBF) Interpolation Model:

Radial basis functions (RBF) methods are a series of exact
interpolation techniques, that is, the surface must go through each
measured sample value. There are five different basis functions:
thin-plate splint, splint with tension, completely regularized splint,
multiquadric function, and inverse multiquadric splint. Each basis
function has different shape and results in different interpolation
surface. RBF methods are a form artificial neural network.
6-Kernel Interpolation With Barrier (KIWB) Interpolation Model:

The Kernel Interpolation model uses the shortest distance
between points so that points on the sides of the specified
nontransparent (absolute) barrier are connected by a series of
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straight lines. Kernel Interpolation uses the following radically
symmetric kernels: Exponential, Gaussian, Quartic, Epanechnikov,
Polynomial of order 5, and constant. The bandwidth of the kernel
is determined by a rectangle around the observations.

7-Diffusion Interpolation With Barriers (DIWB) Interpolation
Model:

Diffusion Interpolation refers to the fundamental solution of the
heat equation, which describes how heat or particles diffuse with
time in a homogeneous medium. The predictions made using this
method gently flow around barriers. The Diffusion Interpolation
can use a complex distance metric defined by the cost surface
which is a common raster function that calculates the cost of travel
from one cell of a raster to the next.

4-2 Models Performance Verification :
Cross validation compares the measured and predicted values. The
statistics calculated on the prediction errors serve as diagnostics
that indicate whether the model is reasonable for decision making
and map production. To judge if a model provides accurate
predictions, verify that:

1- Mean absolute percentage error (MAPE%b)

MAPE% 1002 |Zobs i— Zpre.;
0= Zobs.;

(14)

2- Efficiency factor (E):
Efficiency factor (E = 0 to 1) is calculated on the relationship
between the predicted and observed mean deviations and it can
show the correlation between the predicted and observed data.
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? (Zobs.;— Zpre.; )*

E=1- —
2, (Zobs.;— Zobs., )?

(15)

3- 95% confidence limit (95C1%0):
The Standard error of the mean observed data is given as :

S
Sy= \/ﬁ
The quantity ((Zobs.;— Zobs.,)) / Sx has a t-distribution with (n-
1) degrees of freedom, And for 95% confidence limit

Zobs.— 1.95( ) < Zpre. < Zobs.+1.95 (

S ) (16)
vn—1 n—1
The value on the left side of the inequality yields the lower limit,

and on the right side yields the upper limit for the mean observed
data , known as the Confidence Level.

Where:
n= number of data, Zopsi= observed value, Zyrei= predicted value, S
= standard deviation, Zobs. = the mean of observed data.

A better fit and a perfect prediction, with zero indicating MAPE%
and high value of E. Furthermore the model if have a good
performance well produce results within the range of 95C1% of the
mean observed data.

3- Evaluation of Geostatic Interpolation Methods For Estimation
Tazerbo Wellfield Aquifer Transmissivity:

In order to predict the aquifer Transmissivity of Tazerbo wellfield
(T m?/min), used pumping test data of 108 wells in the study area,
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were obtained from the Great Man Mead River Authority
(GMMRA). Moreover to identify the hydrogeological
characteristics of Tazerbo wellfield aquifer, a pumping test had
been conducted without observation wells with a constant
pumping rate 120L/sec of period 1440 minutes. The pumping test
data obtained were analyzed by Cooper - Jacob method. The
statistical analysis of all field measurement data, represents at
Table 1.

Table 1 Statically analysis of pumping test results for 108 well at
Tazerbo wellfield, GMMRA.

E N Z T DWLSWL Q b
Mean  560468.52 28154129 27573 274 2901 2295 717 14938
Max. 58325243 282550225 28722 423 4262 3578 732 196.07
Mm.  537749.18 2805361  238.02 133 1468 1352 703 10201
Skewness - -~ 031
Where:

E= well east coordinate, N= well north coordinate, Z= well
elevation, T= transmissivity, Q= discharge rat, b= aquifer
thickness, SWL m= static water level, DWL m = dynamic water
level.

The spatial models give more representative results if the data are
distributed naturally and the skewness coefficient is close to zero
indicate a normal distribution of the data. In this study in terms of
the skewness coefficient see Table 1, indicates that the majority
of the values of the samples used have low values close to zero.
Figure 3 shows the transmissivity data histograms diagram.
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In this study the Geostatistical analyst tool in ArcGIS 10.5
software is used for interpolating the surfaces of the aquifer
transmissivity at the area of study. Seven interpolation methods
included (DIWB), (EBK), (GPI1), (IDW), (KIB), (LPI) and (RBF)
were performed in two stages, first it compute the spatial structure
of the data and then generate a predicted surface.

14

-
~N

A B

Frequency
® S

1.2 1.8 2.4 3.0 3.6 4.2
T(m2/min)

Figure 3. Histogram For Tazerbo wellfield Aquifer Transmissivity T
(m?/min).

The interpolation methods provide an assessment of errors with

predicted values, by (MAPE%, and E). Cross validation was

carried out to examine the fitted interpolation models by

systematically changing the model type, the results are shown in

Table 2.
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Table 2. Summary of Cross-Validation Result of Interpolation
Models.

Method T (m?/min)
MAPE % RMSE E
DIWB 18.40 0.59 0.27
EBK 7.33 0.26 0.86
GPI 19.22 0.64 0.12
DIW 0.00 0.00 1.00
KIWB 9.83 0.35 0.73
LPI 9.13 0.33 0.76
RBF 0.00 0.00 1.00

Table 3. Evaluation of the interpolation methods using Cl95%
parameters.

T m?/min Mean Min. Max. Cl95%
m?/min m?*/min m*/min  m?/min

Observed 2.77 1.33 4.23

DIWB 2.74 2.03 3.22

EBK 2.74 1.60 3.71

GPI 2.74 2.18 3.31 2.6-2.87

DIW 2.74 1.33 4.24

KIWB 2.74 1.51 3.88

LPI 2.75 1.52 4.08

RBF 2.74 1.33 4.24

The interpolation surfaces obtained from ArcGIS 10.5 software
present in Figures 5 to 11. In addition Scatter plots of the true
values versus the estimated values are illustrated in Figure 4.
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4. Results Discussion:

Tables 3 and 4 show the most suitable geostatistical models for the
Tazerbo Wellfield aquifer transmissivity estimation, based on the
values of MAPE%, E and C195%. According to the results gained
from the calculations and comparison of all various geostatistical
methods used in this study, there is no significant difference
between Radial Basic (RBF), and Inverse Distance Weighted
(IDW) models with high value of E=1 and low MAPE%=0.
Moreover, they provide a maximum, minimum and average
predicted values within the range of 95CI1%. Nonetheless Global
Polynomial (GPI) provides results were significant difference
between others by low E=0.12 and MAPE%= 19.22. Comparing
the estimated values to the observed of the aquifer transmissivity is
done via a scatter plot (Figure4), more the scatterplot is tightened
around the predicted line, the better the estimated values by (RBF,
and IDW) models. Figurell shows the highest value of
transmissivity is found at the south, southwest, and northwest of
the wellfield aquifer part (wells at lines 100-300-500) and they
decrease as one moves away to the Northeast and East (wells at
lines 200-400-600). The transmissivity value is between 2.6 and
4.23 m2/min in the most part of the deep aquifer system located in
the West and Southeast wellfield aquifer part. The transmissivity
of the Tazerbo wellfield aquifer increases from 2.6 m?/min to 4.2
m2/min indicated that the aquifer of good performance in
accordance to transmissivity scales. Transmissivity values are
numerous, which due to aquifer heterogeneity and variation of its
thickness by alternating low- and high-permeability zones.

5. Conclusion:
As sampling from every possible location is not economical, the

geostatistical interpolation techniques played an energetic role to
predict the values from unmeasured location. The new thing that
was discussed and reached in this research is to determine the best
models of geostatistical interpolation method in the representation
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of aquifer transmissivity in Tazerbo wellfield SE- Libya area.
According to the results gained from the calculations and
comparison of all various methods used in this study, the (RBF),
and (IDW) models are the most suitable methods of creating the
transmissivity zoning map in Tazerbo wellfield. Based on the
above results it is suggested that in the future studies, other
methods of spatial interpolation available at ArcMap GIS will use
in order to prepare groundwater aquifer characteristic maps.
Furthermore the natural resource inventories need to be regularly
updated or improved in detail. It is often needed to consider
collection of new samples or additional tests are used to update an
existing GIS layers.
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ABSTRACT:

In general, a plate structures may be defined as plane structural
elements with a small thickness compared to the planar
dimensions. Application of plates is very widespread in
engineering such as containers, aircraft fuselages, submarine hulls,
deck structures, walls, and raft foundations. Plates can be formed
by isotropic, orthotropic materials, or laminated composites
materials. The development of laminated composite materials
extends the application field of plates; the analysis of laminated
composite plates subjected to static or dynamic loads have
received widespread attention in recent years.

Geometrically, plates are bounded either by straight or curved
boundaries. The static or dynamic loads carried by plates are
predominantly perpendicular to the plate faces. Plates might be
classified as a thick or thin plate.

Thin plates are initially flat structural members bounded by two
parallel planes, called faces, and a cylindrical surface, called an
edge or boundary. The generators of the cylindrical surface are
perpendicular to the plane faces. The distance between the plane
faces is called the thickness (h) of the plate. The plate thickness is
very small compared with other characteristic dimensions of the
faces (length, width, diameter, etc.).

In the present study; the performance of isotropic/ orthotropic
rectangular thin plates under uniform distributed loads and various
boundary conditions is investigated. Three-dimensional extended
finite element method (X-FEM) is developed and implemented in
the ABAQUS-CAE package to predict deflection, bending and
twisting moments, and stresses, for plates with immovable edges
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and simply supported, partially or fully clamped edge conditions
have been considered. The variations of Poisson’s ratio as well as
the thickness to the length ratio are carried out. The results that
have been obtained numerically, evaluated and compared to the
analytical solutions.

Keywords: Thin Plates, Extended Finite Element, Isotropic,
Orthotropic, ABAQUS-CAE

Extended Finite Element Method:

The Extended Finite Element Method (XFEM) is a method used to
model strong and weak discontinuities independent of the finite
element mesh by using the partition of unity finite element
method.[1,6]

The first attempt to develop the extended finite element method
could be dated back to 1999 when Belytschko and Black (1999)
presented a minimal re-meshing finite element method for crack
growth. The concept has been built by adding discontinuous
enrichment functions to the finite element approximation to
account for the being there of the crack. The method allowed the
crack to be arbitrarily allied within the mesh, in spite it required re-
meshing for harshly curved cracks.

In 1999, Moés et al. improved the method and called it the
extended finite element method (XFEM). This improvement
allowed for independent representation of the whole crack from
the mesh, based on the construction of the enriched approximation
from the interaction of the crack geometry with the mesh.

In 1999, Dolbow has achieved a major step during his PhD thesis
at Northwestern University which was titled “Extended finite
element method with discontinuous enrichment for applied
mechanics™. As a result of his work a solution of two dimensional
elasticity and Mindlin—Reissner plates by using both a jump
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function and the asymptotic near tip fields using XFEM. Also, in
2000, Dolbow et al. 2000 have presented a system to model
arbitrary discontinuities in the finite element framework by locally
enriching a displacement based approximation through a partition
of unity method.

Furthermore, in 2000, Sukumar et al. extended the XFEM for
three-dimensional crack modeling and addressed geometric
matters connected with the representation of the crack and the
enrichment of the finite element approximation.

Another topic has been studied by Daux et al. (2000) as extensions
to the original XFEM. They focused on the modeling of random
branched and intersecting cracks with multiple branches, multiple
holes and cracks originating from holes.

Level set methods gradually grew to represent the crack location,
including the location of crack tips. In 2001, Stolarska et al.
introduced a way of coupling the level set method (LSM) with
XFEM to model crack growth. By the year of 2001, Belytschko et
al. presented a technique for modeling arbitrary discontinuities in
the function and its derivatives in finite elements. The
discontinuous approximation was constructed in terms of a signed
distance function, so level sets could be used to update the location
of the discontinuities. Also, another effort has been done by
Sukumar et al. (2001) who described modeling holes and
inclusions by level sets in the extended finite element method.

Meanwhile, in 2002, Moés et al, and Gravouil et al discussed the
mechanical model and level set update for non-planar three
dimensional crack growth, based on a Hamilton—Jacobi equation to
update the level sets with a velocity extension approach to preserve
the old crack surface.[2,6]

Lately, the extended finite element method (X-FEM) has come out
as a powerful numerical procedure for the analysis of crack
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problems. It has been widely acknowledged that the method eases
crack growth modeling under the assumptions of linear elastic
fracture mechanics (LEFM). Since the introduction of the method
about a decade ago, many new extensions and applications have
shown up in the scientific literature, with substantially many
contributions on X-FEM in recent years.

In the extended finite element method, additional functions,
commonly referred to as enrichment functions, can be added to the
displacement approximation as long as the partition of unity is
satisfied, Y’ Ni(x) = 1, whereas Ni(x) represent the finite element
shape functions. The XFEM uses these enrichment functions as a
tool to introduce a non-smooth behavior of field variables, for
instance, stress across the interface between different materials or
displacement across cracks. Generally, the enrichment functions
presented into the displacement approximation are only described
in excess of a small number of elements relative to the total size of
the domain. Extra degrees of freedom are presented in all elements
where the discontinuity is exist, and depending on the type of
function selected, probably some adjacent elements identified as
combination elements [3].

Comparing to the standard finite element method, the X-FEM
offers significant benefits in the numerical modeling of crack
propagation. In the traditional concept of the FEM, the existence of
a crack is modeled by requiring the crack to follow element edges.
On the contrary, the crack geometry in the X-FEM does not need
to be aligned with the element edges that provide flexibility and
versatility in modeling. The method is based on the enrichment of
the finite element model with extra degrees of freedom (DOFs)
which are tied to the nodes of the elements discussed by the crack
[6,7]. In this manner, the discontinuity is included in the numerical
model with no modifying the discretization, as the mesh is
generated without taking into account the being there of the crack.
Therefore, only a single mesh is needed for any crack length and
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orientation. As well, nodes around the crack tip are enriched with
DOFs associated with functions that copy the asymptotic LEFM
fields. This enables the modeling of the crack discontinuity within
the crack-tip element and substantially increases the accuracy in
the calculation of the stress intensity factors (SIFs).

As shown in figure (1), the circled nodes are the nodes enriched
with two additional DOFs (total of four DOFs per node), whereas
the nodes marked with a square are enriched by eight more DOFs
(total of ten DOFs per node).

leaassde eniehivern

Figure 1. The nodes enriched with the Heaviside and crack tip
enrichment functions

Elements that contain at least one enriched node are known as
enriched elements. Nodes with two additional DOFs (one for each
coordinate direction) have shape functions that multiply the
Heaviside function H(x) (function of unit magnitude whose sign
changes across the crack, H(x) = £1), whereas H(x) equals positive
above the crack, and is negative below the crack. Actually, this
function introduces the discontinuity across the crack faces. Nodes
with eight additional DOFs are enriched in the two Cartesian
directions with four crack tip functions Fq(X) [4.6].

201 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International gyt A0 sy
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

LaEillg aglell Ldgal) Alnal) April 2019 J: I S T.J }\Q

[Fy(r,0),a=1—-4] =

[\/F Sing, Jr cosg,\/F singsinﬁ,\/? cos%sin@]

1)

Where: 1,0 represent local polar co-ordinates defined at the crack

tip. The displacement approximation for crack modeling in the
extended finite element method can be written in the form

tagem() = ) Ni(@u + Y MOH@a,

i€l i€j

+mei@m%
a=1

i€k

(2)

Where: | represents the set of all nodes in the mesh, Ni(x) is the
nodal shape function and u; is the standard DOF of node i (ui
represents the nodal displacement for non-enriched nodes only). j
and k contain the nodes enriched with Heaviside function H(x) or
crack-tip functions Fu(x), respectively, and ai, bi, are the
corresponding DOFs. In case there is no enrichment, then the
above equation reduces to the classical finite element
approximation

U (x) = PN (x)u; (3)
The additional functions are used in the displacement

approximation are typically called enrichment functions and the
approximation is written as

W) = ) Ny ()
I

W+ZWMW‘ 4)
j

Where: u; represents the classical finite element degrees of
freedom, v(x) is the j™ enrichment function, and a,’ is the
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enriched degrees of freedom corresponding to the j™ enrichment
function at the I" node. The enriched degrees of freedom defined
by Eq. (1) generally do not have a physical meaning and instead
can be considered as a calibration of the enrichment functions
which result in the correct displacement approximation.

Equation (4) does not satisfy the interpolation property, ui=u"(x)
because of the enriched degrees of freedom, instead additional
calculations are required in order to calculate the physical
displacement by utilizing equation (4). The interpolation property
is important in practice in applying boundary or contact conditions.
Therefore, it is a common practice to shift the enrichment function
to the shape.

Y/ )= v/ @) - v/ ) 5)

Where: ¥ @) s the value of the J" enrichment function at the ™
node. As the shifted enrichment function now takes a value of zero
at all nodes, the solution of the resulting system of equations
satisfies ui=u"(xi) and the enriched degrees of freedom can be used
for additional actions such as interpolation and post-processing.
Here, the shifted enrichment functions are referred to with upper
case characters, and the unshifted enrichment functions are
referred to with lower case font. The shifted displacement
approximation is in the form

W) = ) N O |ui+ ) v a/ (©)
1 J
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Where: y/ (x) represents the J" shifted enrichment function at the
I'" node.

Finite Element Simulation by using ABAQUS- CAE software:

ABAQUS/CAE is a complete ABAQUS environment that
provides a simple, consistent interface for creating, submitting,
monitoring, and evaluating results from ABAQUS/Standard and
ABAQUS/Explicit simulations. ABAQUS/CAE is divided into
modules, where each module defines a logical aspect of the
modeling process; for example, defining the geometry, defining
material properties, and generating a mesh. As one moves from
module to module, you can build the model from which
ABAQUS/CAE generates an input file that you submit to the
ABAQUS/Standard or ABAQUS/Explicit analysis product. The
analysis product performs the analysis, sends information to
ABAQUS/CAE to allow you to monitor the progress of the job,
and generates an output database. At a minimum the analysis
model consists of the following information:

Discretized geometry.

Element section properties.

Material data.

Loads and boundary conditions.

Analysis type.

e  Output requests.

In this research, ABAQUS/CAE 6.14 release has been utilized to
implement the scope of work. Compared with other computer
softwares, one of the major advantages of this software is the
flexibility of implementing, revising, analyzing the model, and
getting results. But the more important function of this release of
ABAQUS/CAE 6.14 is that it allows a crack to grow up with or
without specifying the locations of the crack initiation.
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Plate Simulation:

For non-linear finite element analysis, ABAQUS-CAE software
was used to model the behavior of thin plates. The modeling space
was chosen 3D planar and the type was deformable, (figure 2).

Figure 2. 3D plate model.

The element has been considered as an elastic-isotropic material.
The material behaviors have been selected to be “Maxps Damage”,
and the properties are shown in table 1.

Table 1. Concrete material properties

Young’s Modulus 4.23x108 psi
Compressive Strength 5502psi
Poisson’s ratio 0.18

Density 0.0867 lb/in®

The element has been meshed by size of 0.2 and for the mesh
control the element shape was considered a quad-dominated
structured, Figure (3).
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Figure 3. Mesh of the 2D planar concrete beam model

The load has been used as a static concentrated dead load and the
type of boundary conditions was selected displacement/rotation,
one support was considered as a pin and the other roller, figure (4).

Figure 4. Load and boundary conditions of plate model
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Three different types of boundary conditions have been selected in
this study, simply supported plates, figure (5a), plates with two
edges simple and the other two clamped, figure (5b), and all edges
clamped plates, figure (5c). The results which have been obtained
by ABAQUS/CAE were compared with analytical solution.

a=6m a=am

*
b=am - ®=a 2 b=am
h x=alz
y=hj2 o

v v

a) Simply supported plate (case b) plate with two edges simple
one) and the other two clamped (case two)

5
b
*
b=4m
x=0
¥y=0

¥

¢) All edges clamped plate (case three)

Figure 5. Boundary conditions of the plates used in this study
Results and Discussions:
1) Isotropic Plates:
Figure (6) shows the deflection shape in the simply supported

edges plate, the crack growth and propagation is shown in figure
(7) for the same plate.
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Figure 7. Crack Propagation of simply supported plate (ABAQUS/CAE)

Table (2) shows the results of deflection and bending moments in
x and y directions (My, My, at the mid of the simply supported plate

with different Poisson’s ratio and thickness.
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Table 2. The results of deflection and moment in x and y directions
at the mid of the plate (case one)

Poisso Simply supported plates
Thickn | n’s Deflection Moment at x- Moment at y-
ess ratio (mm) direction Mx direction
t v (KN.m) My (KN.m)

(m) Exactl | Numeri | Exactl | Numeri | Exactl | Numeri

6,7] cal* 6,7] cal* 6,7] cal*

0.25 12.35 12.22 7.43 7.33 12.12 11.04

0.10 0.30 11.99 11.78 7.97 7.85 12.99 12.78

0.35 11.56 11.29 8.51 8.29 13.86 13.57

0.25 7.15 6.97 7.43 7.33 12.12 11.05

0.12 0.30 6.94 6.69 7.97 7.84 12.99 12.77

0.35 6.69 6.58 8.51 8.29 13.86 13.57

0.25 3.66 3.48 7.43 7.33 12.12 11.04

0.15 0.30 3.55 3.36 7.97 7.84 12.99 12.78

0.35 3.43 3.27 8.51 8.29 13.86 13.57

* ABAQUS-CAE results

20

18 - == Exact solution(t=0.1)

16 - == XFEM results =0.1)
'g 14 A
£ 12 B N
5 10
t
2 8 7
=
3 6 s

4 =

2 -

0 T

0.25 0.3 0.35

Poisson's ratio (v)

Figure 8. Deflection vs Poisson’s ration with different thickness (case
one)
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Figure 9. Bending moment (Mx)-Poisson’s ration (v) relationship (case

one)
16
14
12
’é 10
g s
>
2 6
4 =& Exact solution
5 - == XFEM Results
0 T
0.25 0.3 0.35

Poisson's ratio(v)

Figure 10. Bending moment (My)-Poisson’s ration (v)
relationship (case one)

As shown in table (2) and figures (8,9,10), we observe that
bending moments in the both directions x and y increase with
increase the value of Poisson’s ratio, while the deflection decreases
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when Poisson’s ratio increases. The increase in the thickness of the
plate has a significant impact on the deflection as the amount of
deflection decreases with increasing the thickness of the plate.

The values of deflection and bending moments in x and y
directions (Mx, My) at the middle of the simply supported plates in
short directions and fully clamped in the long directions with the
difference of the Poisson's ratio, and The thickness of the plate are
shown in Table (3).

Table 3. The results of deflection and moment in x and y directions
at the mid of the plate (case two)

Poisso | plate with two edges simple and the other two clamped
Thickn n’s Deflection Moment at x- Moment at y-
ess ratio (mm) direction Mx direction My
t O (kN.m) (KN.m)
(m) Exact | Numeri | Exact | Numeri | Exact | Numeri
[6,7] cal* [6,7] cal* [6,7] cal*
0.25 3.95 3.76 6.03 | 5.88 2.69 2.48
0.10 0.30 3.84 3.68 6.5 |6.31 2.90 2.74
0.35 3.70 3.51 7.03 | 6.89 3.20 2.98
0.25 2.29 2.11 6.03 | 5.88 2.69 2.48
0.12 0.30 2.22 2.06 6.5 |6.31 2.90 2.74
0.35 2.14 1.89 7.03 | 6.89 3.20 2.98
0.25 1.17 1.01 6.03 | 5.88 2.69 2.48
0.15 0.30 1.13 0.96 6.5 |6.31 2.90 2.74
0.35 1.10 0.88 7.03 | 6.89 3.20 2.98
* ABAQUS-CAE results
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Figure 11. Deflection--Poisson’s ration (v) relationship at different
thickness (case two)

5.6 1 == Exactsoluiion

5.2 T
0.25 0.3 0.35
Poisson's ratio(v)

Figure 12. Bending moment (Mx)-Poisson’s ration (v) relationship (case
two)

212 Copyright © ISTJ A% ghaa aaal) (368a
mu ?5""“ ;\1\33.\“ M



International gty p i g
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S TJ}\Q

== Exactsolution
== XFEM result
’ —— 3
E ¥
g€,
>
2
1 -
0 T
0.25 0.3 0.35

Poisson's ratio (v)

Figure 13. Bending moment (My)-Poisson’s ration (v) relationship (case
two)

As shown in Table 3 and Figures (11,12,13) when the boundary
conditions of the slab have been changed so that the long direction
of the plate is fully fixed, while the short direction is simply
supported, the deflection at the middle of the plate reduced about
68% compared to the case one. The result of bending moment in
the x-direction was about 50% lower than in the case of the
complete clamping of the plate. While it was observed that the
bending moment result in the y-direction was about 63% less than
the bending moment in the case one.

Table (4) and figures (14, 15, 16) show the deflection and bend
moments in the both directions of x and y (Mx, My) at the middle
of the fully clamped plates with different of Poisson's ratio and the
plate thickness as well.
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Table 4. The results of deflection and moment in x and y directions
at the mid of the plate (case three)

Poisso c) All edges clamped plate

Thickn n’s Deflection Moment at x- Moment at y-
ess ratio (mm) direction Mx direction My

t v (KN.m) (KN.m)

(m) Exactl | Numeri | Exactl | Numeri | Exactl | Numeri

6,7] cal* 6,7] cal* 6,7] cal*

0.25 3.52 3.11 5.47 5.13 2.98 | 2.65

0.10 0.30 3.42 3.04 5.89 5.34 3.25 | 2.89

0.35 3.29 2.96 6.30 5.89 3.49 | 3.08

0.25 2.04 1.89 5.47 5.13 2.98 | 2.65

0.12 0.30 1.98 1.68 5.89 5.34 3.25 | 2.89

0.35 1.91 1.53 6.30 5.89 349 | 3.08

0.25 1.04 0.89 5.47 5.13 298 | 2.65

0.15 0.30 1.01 0.85 5.89 5.34 3.25 | 2.89

0.35 0.98 0.79 6.30 5.89 349 | 3.08

* ABAQUS-CAE results

5
== Exactsolution(=0.1)
4 == XFEM results =0.1)
5L e
£3 —— —3
(=
0
]
% 2 —k— —h
o
1 =
0 T
0.25 0.3 0.35

Poisson's ratio (v)

Figurel4. Deflection--Poisson’s ration (v) relationship at different
thickness (case three)
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Figure 15. Bending moment (Mx)-Poisson’s ration (v) relationship (case

three)
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Figure 16. Bending moment (My)-Poisson’s ration (v) relationship (case
three)
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By changing the boundary condition of the plate to fully clamped
for all edges, a significant decrease in the deflection and moment
in both directions have comparing to simply supported (case one)
and partial clamped ( case two), where, the results of deflection
reduced about 71% compared with case one. The results of
bending moments in x-direction decreased about of 33% while the
results of the moment in y-direction was 75% less than the results
of simple supported case (case one) as shown in table (4) in
figures (14,15, and 16).

2) Orthotropic Plates:

In this paper, the orthotropic plates with same three boundary
conditions which were applied on the isotropic plates has been
studied. Only one case of Poisson’s ratio was considered, where, vx
= 0.3 and vy = 0.2 as shown in table (5)

Table 5. The results of deflection and moment in x and y directions
at the mid of the plate (Orthotropic plate)

Boundar Orthotropic Plates (t=0.12, v« = 0.3, vy = 0.2)
y Deflection Moment at x- Moment at y-
Conditio (mm) direction Mx direction My
n (KN.m) (KN.m)
Exactl® | Numerica | Exact®® | Numerica | Exact’® | Numerica
7 |* 7 |* 7 |*
S.S.

E 9.0 8.35 8.9 8.52 11.3 10.63

E::H 3.39 3.07 3.81 3.68 6.10 5.89

Q 2.80 2.59 3.40 3.27 5.20 4.79

* ABAQUS-CAE results
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By comparing the results of the deflection in the orthotropic plates
of the three boundary conditions (Table 5) with the deflection
results of the isotropic plates with the same boundary conditions
(Tables 2,3,4) when Poisson (vx = 0.3), it’s obvious that the results
of deflection in the case of orthotropic plates larger than in the case
of isotropic plates, this is because the ratio of Poisson in the y-
direction in the case of orthotropic plate (vy = 0.2) is lower than
that used in the case of isotropic (v=0.3).

Conclusions:

1- By increasing the Poisson’s ratio, the bending moment in both
directions X, y increase, while the deflection decreases.

2- Increase in the thickness of the plate has a significant impact on
the deflection, as the amount of deflection decreases with
increasing the thickness of the plate.

3- Change in the boundary conditions of the plate showed an
important effect on the results of the deflection as well as the
results of the bending moment in both directions of x, y, for
example when the boundary conditions were changed so that
the long direction of the plate completely fixed while the short
direction simply supported, the result of deflection at the center
of the decreased by about 68% compared to the first case

(simply support).

4- In the case of boundary condition (the long direction of the
plate is clamped, while the

5- deflection and moments has been observed.

6- The ABAQUS-CAE software has proven high ability to
modeling the three dimensional plates and getting accurate
results.
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Abstract
Optimization is one of the techniques used in manufacturing

sectors to arrive for the best manufacturing conditions, which is an
essential need for industries towards manufacturing of quality
products at lower cost. In this work, multiple responses
optimization of the electric discharge machining (EDM)
parameters, utilizing Fuzzy logic integration was used. The process
parameters that have been selected are, pulse current (Ip), pulse
duration (Ton), and pulse off time (Toff) with output response as
Material Removal Rate (MRR), and Surface Roughness
(SR).Taguchi experimental design (L9 orthogonal array) was used
to formulate the experimental layout and experiments were
conducted on Tool steel (1.2311) machined with copper electrode.
ANOVA method was used to analysis the influence of EDM input
parameters on output response. The input parameters were
optimized utilizing Fuzzy logic integration in order to obtain best
MRR and SR. The results of the optimization revealed that proper
selection of input parameters will play a significant role on MRR
and SR.

Keywords: EDM, Fuzzy, Anova, Machining Parameters.

I. INTRODUCTION
EDM Machining is one of the non-conventional machining

processes to fabricate very complex products such as forging dies,
plastic moulds and sheet metal dies from hard materials that are
difficult to machine. Where electrical energy is used to generate
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electrical spark and material removal mainly occurs caused by
thermal energy of the spark [1]. It is the most commonly and
effectively applied machining process for countless work piece
materials [2].Nowadays, Electrical discharge machining (EDM)
has grown from a novelty to a majority manufacturing process.
Several research efforts have been made for modelling of EDM
process and investigating the process performance to improve
MRR and SR. Improving the MRR and SR are still challenging
problems that limiting the expanded application of EDM [3]. N.
Radhika et al (2015), have studied the optimization of input
parameters for a better MRR, SR and Tool Wear using Grey
Relation Analysis (GRA). Optimization leaded to a single best
optimal level of input parameters [3]. Luis et al (2005). have
investigated the effects of pulse time, pulse current, open-circuit
voltage, duty cycle, and dielectric flushing pressure, on the MRR
and other response variable for tungsten carbide work piece
[4].Semi empirical models of MRR for several material work piece
and electrode combinations have been presented by Wang and Tsai
(2001) [5].This research work is attempting to optimize the
multiple performance characteristics to single optimization
characteristics with help of fuzzy logic system.

Il. EXPRIMENTAL WORK.
It is well known, that Taguchi method can optimize the machining

parameters of performances characteristics in industrial filed, as
the Taguchi method is the powerful method of design of
experiment [6]. The limitation of Taguchi method that it can only
performance the single optimization characteristics [7]. Therefore
fuzzy logic system is really needed to deal with multiple quality
characteristics. In order to study the effects of various machining
parameters on EDM process, a number of experiments were
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conducted using Taguchi Experimental Design. Three input
parameters (Discharge current (Ip), pulse on time (Ton), and pulse
off time (Toff)) have been considered to investigate there effects
on MRR, and SR. The work piece material was a cylindrical
shaped 1.2311 tool steel, with 10 mm diameter and 20 mm
thickness. A cylindrical pure copper with a diameter of 15 mm was
used as an electrode. Work piece and electrode are shown in Fig 1.

Fig. 5 (a) Electrode and Workpiece.

Experiments are conducted using RoboForm 2-LC spark Electric
Discharge Machine Fig. 1 (c). Machining parameter and their level
are shown in the Table 1.For more accurate results, every test runs
for 20 min.
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Fig. 1 (c) EDM Machine

Table 1 Parameter and their level
Control Parameter

Level

Parameter | Symbol 1 > 3 Unit
Discharge | | 15524 |48 |A
current
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?‘.“Se O ton |3 | 1200/ 2400 | ps

ime

?‘.“Se Off | \off |18 | 1200 | 2400 | ps

ime

Fixed Parameter

Duty 0
Cycle © %0 %
Voltage |V 45 \Y
Flashing

Pressure Fp 0.3 Kgf/cm2

I11. OPTIMIZATION OF MULTIBLE QUALITY
CHARISTARITIC

The experimental results are then converted into a signal-to-noise
(S/N) ratio to measure the deviation of the resulted characteristics
from the desired values. There are three categories of performance
characteristics in the analysis of the S/N ratio: the lower-the-better,
the higher-the-better, and the nominal-the-better [8]. Hence, the
optimal level of the process parameters will be the level with the
highest S/N ratio. Besides, ANOVA analysis was performed to
detect the process parameters that are statistically significant. As a
result, the optimal parameters combination of the process can then
be predicted. The output Responses were calculated by MRR and
SR. The MRR calculated in terms of weighting the loss of the
work piece before and after machining divided on machining time,
while surface roughness was measured using ALPA-SM- RT-20
and expressed as a Ra value in microns. All values of MRR and
SR are then converted to S/N ratio. For surface roughness, lower
value of SR meaning better machining performance, while higher
MRR meaning better machining performance. The S/N ratio nijfor
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the ith performance characteristic in the jth experiment can be
expressed in Equation 1.

ni; = —10logqo (L) 1)

Where Lij is the loss function for ith performance characteristic in
the jth experiment.The loss function Lij of higher is higher-the-
better, and lower-the-better characteristics is expressed in equation
2, and 3 respectively.

_1lyn 1
Lij = n2k=1_yi2jk 2
L. =Lyn 2 (3)
j =5 k=1yl]k

Based on Taguchi design of experiment, the total number of
experiment is conduct on L9 Orthogonal Array. The experiment
results are tabulated in Table 2.

Fuzzy logic system —
Fuzzy logic has rapidly become one of the most successful of
today's technologies for developing sophisticated control systems
[9-11]. Fuzzy logic (FL) has been used in many practical
engineering applications due to its capability in dealing with
imprecise information. The powerful aspect of fuzzy logic is that,
it mimics the human decision making with an ability to generate
precise solutions from certain or approximate information. Fuzzy
systems make its decisions on inputs and outputs in the form of
linguistic variables. The variables are tested with IF-THEN rules,
which produce one ormore responses depending on which rules
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they are asserted. The response of each rule is weighed according
to the degree of membership of its inputs and the centroid of the
responses is calculated to generate the appropriate output [9].
Figure 2 shows the fuzzy inference system, it is also known as
fuzzy rule based system. Fuzzy logic control usually consists of
the following stages: Fuzzifier, rule Base, inference engine and
defuzzyfier. The fuzzifier uses membership function to fuzzyfy
S/N ratios of each performance characteristic. Next the inference
engine (Mamdani fuzzy inference system) performs fuzzy
reasoning on fuzzy rules to generate a fuzzy value.

P oFp

. | Inference
:D Furzifier Engine o Defuzzifier :D

F

Rule bas

Fig. 2 fuzzy inference system

Finally, the defuzzifier converts fuzzy predicted value into a Multi
Performance Characteristic Index (MPCI).The MPCI can be used
to find the optimal values of parameters in Electric discharge
machining (EDM). To calculate MPCI in the fuzzy inference
system (FIS), various membership functions (MFs) have been
assigned to the input variables i.e., normalized S/N ratio of surface
roughness (SR) and normalized S/Nratio of the Material Removal
Rate (MRR). The membership functions selected for input

variables are “small”, “Medium” and “large” as shown in
Figure 3-4.
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input variable "RS"
Fig.3 Membership function of SR
small I I I rhe{lium I large:
1
o o input-.r:riahm"-r.'-w:m" R -
Fig. 4 Membership Function of MRR
very|mall I I small I I medlium I I large I I VEryarge
1
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output variable "MPCI"
Fig.5 Membership function of MPCI
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Five membership functions have been selected for MPCI: “Very
small”, “Small”, “Medium”, “Large” and “Very Large” as shown
in Figure 5.

Table 2: The S/N ratio for the machining responses, and MPCI.

SIN SN
Run | 1 | toff [ ton | Wb | Wa | SR | MRR |Ratio(SR) |Ratio(MRR)| MPCI

1 15518 2 392 |39 |2.66 0125 |-84976  |-38.0617  |0.75
2 1551200 |800 |40.16 |40 |3.383 |.0008 |-10.586 |-41.9382 |0.68
3 15.5 2400 |1600 |39.29 |39.1 [4.355 |.0095 |-12.78 -40.4455  |0.55
4 24 |18 300 |40.05 |3947|8.56 029 -18.65 -30.7520 045
5 24 |1200 |1600 |39.04 |38.83|3.113 |.0105 |-9.8636 |-39.5762 |0.72
6 2412400 |2 39.25 |39.23|2.861 |.0025 |-9.1304 |-60 0.50
7 43 |18 1600 |39.97 |37.21]12.4233|.138 -21.885  |-17.2024  |0.50
3 48 1200 |2 40.12 |40.1 |3.481 1.001 -10.834  |-60 041
9

48 {2400 (800 |40.14 |38.7 |6.1033 |.072 -15711 |-22.8533  |0.72

IV. RESULTS AND DISCUSION.
Utilizing Fuzzy logic integration, the experimental results are then

converted into MPCI. The S/N ratio for the machining responses
and their normalized values are shown in table 2.

Analysisof Variance [ANOVA].

The Analysis of Variance (ANOVA) is presented in table 3&4,
which indicates the process parameters that significantly affect the
performance characteristics. ANOVA analysis is accomplished by
separating thetotal variability of the MPCI, which is measured by
the sum of the squared deviations from the total mean of the
MPCI, into contributions by each of the process parameter and the
error. In addition, the F-test determines which process parameters
have a significant effect on the performance characteristic.
Usually, the change of the process parameter has a significant
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effect on the performance characteristic when the F value is large.
[10]

Table. 3 the analysis of variance [ANOVA] for S/N Ratio(SR) versus
i; toff; ton

Factor df | SS MS F Yo
Contribution

| 2 | 47.14 | 23568 | 3.42 27.13

t off 2 |5393 |26.965 | 3.91 31.04

ton 2 | 58.89 |29.447 | 4.27 33.89

Residual Error 2 | 13.80 |6.900 7.94

Total 8 |173.76 100.0

Table. 4 the analysis of variancelANOVA] for S/N ratio(MRR)

versus |; t off; t on.

Factor df SS MS F Yo . .
Contribution

I 2 158.9 | 79.44 | 1.00 | 9.36

t off 2 533.5 | 266.77 | 3.34 | 31.42

ton 2 845.8 | 422.92 | 5.30 | 49.82

Residual Error 2 159.6 | 79.78 9.40

Total 8 1697.8 100.00

The results of the ANOVA indicate that the percentage
contribution of Discharge Current (1), Pulse-off -Time (t off) and
Pulse-on -Time (t on) influencing the surface roughness (SR)
performance characteristics were 27.13 %, 31.04 % and 33.89 %,
respectively, while the percentage contribution of Discharge
Current (1), Pulse-off -Time (t off) and Pulse-on -Time (t on)
influencing the metal removing rate (MRR) performance
characteristics were 9.36 %, 31.42 % and 49.82 %, respectively as
shown in table 3&4.

mbewuj.mw
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Based on the ANOVA (Table 3&4), it was found that, pulse on
time (t on) was the most significant machining parameter
impressing multiple performance characteristics.

V. CONCLUSION.
This paper has presented the use of fuzzy logic for optimization of

the EDM process with multiple performance characteristics. The
following factor settings have been identified as to yield the best
combination of process variables :I = 15A, t on = 2 ps, t off = 18
ps. The performance characteristics such as MRR and SR can be
improved through this approach.
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Abstract

Transmission lines towers are the most important life line
structures which transmits the power from electricity source
production to different places for several purposes. Transmission
lines towers carry a heavy electrical transmission conductor at a
safe enough height from ground. In addition to the tower weight, it
must withstand all the natural forces such as; strong wind,
earthquake and snow load. Therefore, transmission line towers
should be designed considering for both structural and electrical to
meet the minimum requirements of safe and economic design. The
present work investigates the tower structural integrity through the
determination of maximum stresses and deflections. In this study,
the tower's parameters, such as height, width, wind speed, dead
load and angle section are considered as a constant value and
analyzed using a general finite element package, Ansysl7.2
software. Model material used is mild steel with ultimate strength
of 345MPa. Results show a maximum deflection of 3.5 mm
located at the tower's tip which is relatively logical and the
maximum Von Misses stress value of 311MPa. This gives a
substantial safety margin for the tower structure.

Keywords: Transmission lines towers, tower structural integrity,
wind load, Ansys17.2.
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1. Introduction

For many countries, transmission tower networks play a crucial
role in the infrastructure system of many countries throughout the
world. In transmission networks, the transmission towers are the
primary component since electric wires need to be placed at high
enough distance from the ground for safety, especially since
transmission tower carry high voltages for long distances.
However, since transmission towers need to be high enough from
the ground, they are subject to large loads, especially loads from
the towers weight and the wind subjected on the tower. Therefore,
the structural integrity of the tower is vital to avoid tower failure,
which in turn can cause severe economic losses as well as loss in
life.

Due to its importance, several researches have been directed
towards investigating the structural integrity of transmission
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towers via numerous methods [1-3], while other studies studied the
evaluation of aerodynamic coefficients for various types of
transmission towers and various loads [4-6]

1.1 Loads on Transmission Structures

Prevailing practice and most laws require that transmission
lines be designed, as a minimum, to meet the requirements of the
local safety code. Each country has its own safety code, however,
in this paper only the national electrical safety code (NESC) and
the American society of civil engineers (ASCE) guide used in the
United States will be discussed.
NESC’s rules for the selection of loads and overload capacity
factors are specified to establish a minimum acceptable level of
safety. The ASCE Guide for Electrical Transmission Line
Structural Loading (ASCE Guide) provides loading guidelines for
extreme ice and wind loads as well as security and safety loads.
These guidelines use reliability based procedures and allow the
design of transmission line structures to incorporate specified
levels of reliability depending on the importance of the structure.

Once the external loads acting on the tower are determined, one
proceeds with an analysis of the forces in various members with a
view to fixing up their sizes. Since axial force is the only force for
a truss element, the member has to be designed for either
compression or tension. When there are multiple load conditions,
certain members may be subjected to both compressive and tensile
forces under different loading conditions. Reversal of loads may
also induce alternate nature of forces; hence these members are to
be designed for both compression and tension. The total force
acting on any individual member under the normal condition and
also under the broken- wire condition is multiplied by the
corresponding factor of safety, and it is ensured that the values are
within the permissible ultimate strength of the particular steel used.

[7]
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Load calculations

1.2. Load calculation using NESC code

NESC code recognizes three loading districts for ice and
wind loads which are designated as heavy, medium, and light
loading. The radial thickness of ice and the wind pressures
specified for the loading districts are shown in Table (1). Ice build-
up is considered only on conductors and shield wires, and is
usually ignored on the structure. Ice is assumed to weigh 57
Ib/ft3. The windpressure applies to cylindrical surfaces such as
conductors. On the flat surface of a lattice tower member, the wind
pressure values are multiplied by a force coefficient of 1.6. Wind
force is applied on both the windward and leeward faces of a
lattice tower.

Table 1: The radial thickness of ice and the wind pressures specified
for the loading districts

PARAMETERS LOADING DISTRICTS
Heavy Medium Light
RADIAL THICKNESS OF 0.5 025 0
ICE (IN.)
HORIZONTAL WIND 4 9
PRESSURE (LB/ft?)
TEMPERATURE (F) 0 15 30

NESC also requires structures to be designed for extreme wind
loading corresponding to 50-year fastest mile wind speed with no
ice loads considered. This provision applies to all structures
without conductors, and structures over 60 ft supporting
conductors. The extreme wind speed varies from a basic speed of
70 mph to 110 mph in the coastal areas.

In addition, NESC requires that the basic loads be multiplied by
overload capacity factors to determine the design loads on
structures. Overload capacity factors make it possible to assign
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relative importance to the loads instead of using various allowable
stresses for different load conditions.

Overload capacity factors specified in NESC have a larger value
for wood structures than those for steel and prestressed concrete
structures. This is due to the wide variation found in wood
strengths and the aging effect of wood caused by decay and insect
damage. In the 1990 edition, NESC introduced an alternative
method, where the same overload factors are used for all the
materials, but a strength reduction factor is used for wood [3].

1.2. Load calculation using ASCE guide

The ASCE Guide specifies extreme ice and extreme wind loads,
based on a 50-year return period, which are assigned a reliability
factor of 1. These loads can be increased if an engineer wants to
use a higher reliability factor for an important line, for example a
long line, or a line which provides the only source of load. The
load factors used to increase the ASCE loads for different
reliability factors are given in Table 2.

Table 2: The load factors used to increase the ASCE loads for
different reliability factors

LINE RELIABILITY 1 2 4 8
FACTOR, LRF

LOAD RETURN 50 100 200 400
PERIOD, RP

CORRESPONDING 1.0 1.15 13 14
LOAD FACTOR

In calculating wind loads, the effects of terrain, structure height,
wind gust, and structure shape are included. These effects are
explained in detail in the ASCE Guide. ASCE also recommends
that the ice loads be combined with a wind load equal to 40% of
the extreme wind load.
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2. Loads on structure

Longitudinal loads may occur on the structures due to accidental
events such as broken conductors and insulators, or collapse of an
adjacent structure in the line due to an environmental event such as
a tornado. Regardless of the triggering event, it is important that a
line support structure be designed for a suitable longitudinal
loading condition to provide adequate resistance against cascading
type failures in which a larger number of structures fail
sequentially in the longitudinal direction or parallel to the line. For
this reason, longitudinal loadings are sometimes referred to as
“anti-cascading”, “failure containment”, or “security loads”.

In addition to the weather related loads, transmission line
structures are designed for special loads that consider security and
safety aspects of the line. These include security loads for
preventing. Cascading type failures of the structures and
construction and maintenance loads that are related to personnel
safety.

There are two basic methods for reducing the risk of cascading
failures, depending on the type of structure, and on local
conditions and practices. These methods are [8]:

1- Design all structures for broken wire loads.

2- Install stop structures or guys at specified intervals.

Loads are calculated on the structures in three directions:
vertical, transverse, and longitudinal. The transverse load is
perpendicular to the line and the longitudinal loads act parallel to
the line [9].

2.1 Vertical Loads

The vertical load on supporting structures consists of the weight of
the structure plus the superimposed weight, including all wires, ice
coated where specified.

Vertical load of wire Vo in (Ib/ft) is given by the following
equations:
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V, = Wyire + 1.24(d + DI (1)
Where:

Wiire = weight of wire (1b/ft)

d = diameter of wire (in.)

I =ice thickness (in.)
Vertical wire load on structure (Fv) in (Ib) is given by the
following equation:
F, = Vw X vertical design span X load factor 2

Vertical design span is the distance between low points of adjacent
spans and is indicated in Figure 1.

v

v, v,

Semispans

Vertical '|

Hurimrl]'d] S[‘mi,\pqu\
H

Figure 1: Vertical design span is the distance between low points of
adjacent spans and is indicated.

2.2 Transverse Loads

Transverse loads are caused by wind pressure on wires and
structure, and the transverse component of the line tension at
angles.
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2.3 Wind Load on Wires
The transverse load due to wind on the wire is given by the
following equations:

W, =P x 1d—2 X Horizontal Span X OCF (without ice) ©)

(d+ 20

5 X Horizontal Span X OCF (with ice) (4)

Wh:PX

Where:
Wh, = transverse wind load on wire (Ib).
P=wind pressure (Ib/ft?).
d= diameter of wire (in).
I= radial thickness of ice (in).
OCF=0verload Capacity Factor.

2.4 Transverse Load Due to Line Angle

Where a line changes direction, the total transverse load on the
structure is the sum of the transverse wind load and the transverse
component of the wire tension. The transverse component of the
tension may be of significant magnitude, especially for large angle
structures. To calculate the total load, a wind direction should be
used which will give the maximum resultant load considering the
effects on the wires and structure.

The transverse component of wire tension on the structure is given
by the following equation:

H= 2Tsin§ (5)

Where,
H=transverse load due to wire tension in pounds

239 Copyright © ISTJ A% ghaa aaal) (368a
3,3.'\3’.'\3\3 ?3""“ @3.\1\ M



International i bl iy iy
Science and Technology Journal Volume 17 2 s eenr o Trekasng el

LaEillg aglell Ldgal) Alnal) April 2019 J: I S T.J }\(

T=transverse load due to wire tension in pounds=wire
tension in pounds
0= Line angle in degrees

2.5 Wind Load on Structures

Wind possesses kinetic energy by virtue of its velocity and mass,
which is transformed into potential energy of pressure when a
structure obstructs the path of wind. Natural wind itself is neither
steady nor uniform; it varies along the dimensions of the structures
as well as with time. When the complete assembly of the lattice
structures is considered, wind forces on different members of the
structure are only partially correlated and time varying.

In addition to the wire load, structures are subjected to wind loads
acting on the exposed areas of the structure. The wind force
coefficients on lattice towers depend on shapes of member
sections, solidity ratio, angle of incidence of wind (face-on wind or
diagonal wind), and shielding. Methods for calculating wind loads
on transmission structures are given in the ASCE Guide as well the
NESC code [9].

2.6 Longitudinal Loading
There are several conditions under which a structure is subjected to
longitudinal loading:

Deadened Structures —These structures are capable of
withstanding the full tension of the conductors and shield wires or
combinations thereof, on one side of the structure.

Stringing— Longitudinal load may occur at any one phase or
shield wire due to a hang-up in the blocks during stringing. The
longitudinal load is taken as the stringing tension for the complete
phase (i.e., all sub conductors strung simultaneously) or a shield
wire. In order to avoid any pre-stressing of the conductors,
stringing tension is typically limited to the minimum tension
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required to keep the conductor from touching the ground or any
obstructions. Based on common practice and according to the
IEEE “Guide to the Installation of Overhead Transmission Line
Conductors” stringing tension is generally about one-half of the
sagging tension. Therefore, the longitudinal stringing load is equal
to 50% of the initial, unloaded tension at 60F [10].

Longitudinal Unbalanced Load—Longitudinal unbalanced forces
can develop at the structures due to various conditions on the line.
In rugged terrain, large differentials in adjacent span lengths,
combined with inclined spans, could result in significant
longitudinal unbalanced load under ice and wind conditions. Non-
uniform loading of adjacent spans can also produce longitudinal
unbalanced loads. This load is based on an ice shedding condition
where ice is dropped from one span and not the adjacent spans [9].

3. Result Analysis and Discussion

Transmission line towers contribute to large percentage of
transmission line project total cost. Electricity become a major
source of power for industries, commercial and residential use.
Due to rapid growth in industrial area and because of infrastructure
development, the need for electricity increases. Because of lesser
cost, electricity is now being used for rail transportation in place of
fuel powered engines. Therefore, its required to transmit the high
voltage to the area in need, that requires the installation of
transmission line towers to carry extra high voltage.

The towers which stands on its own without the help of external
support is known as a free standing or self-supporting tower or
rigid tower. Self-supporting tower is usually of lattice construction
and it is commonly adopted throughout the world. These towers
are sufficiently rigid, suitable for multi circuit and compact line
and the only type used for angle and special type towers. They can
be tailor made to any ground condition.
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3.1 Tower description and finite element model

The nonlinear finite element analysis program ANSYS is
utilized in this work for evaluating the performance of the space
frame, considering the material nonlinearity and geometric
straightening of towers. For the numerical analysis, a lattice steel
tower is considered as shown in Figure 2 the tower has a total
height of 40 m with a 10 m x 10 m square base area. The leg and
diagonal members in the tower are steel pipes and the bracing
members are steel bars with L-shape. Modeling the tower members
using beam elements provides better numerical accuracy of
nonlinear responses than those using truss elements. Each member
of the transmission tower is modeled by truss elements which is
based on Timoshenko beam theory considering shear deformation
effects.

Figure 2: Tower Model Considered for analysis

The elasto-plastic property of the steel material is represented by a
bilinear kinematic model, with the elastic modulus of 2.1x10°MPa
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up to yield and 258MPa after yielding. The finite element (FE)
model consists of 9939 nodes and 22536 elements, which is shown
in Fig (3). The analysis of idealized configuration models is
performed to obtain the pre-ultimate behavior and the limit loads
of the transmission tower.

A

B

Figure 3: Tower A and Tower B structure Mesh

4.2 Model material Property

The material used in analysis of tower is structural steel that has
the properties presented in the table (3) and the tower
specifications are presented in Table 4:

Table3: Model material properties

POISSON’S RATION 0.3
DENSITY 7850 Kg/m3
MODULUS OF ELASTICITY 2.1x10° MPa
ULTIMATE TENSILE STRENGTH 345 MPa
YIELD STRENGTH 258 MPa
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Table 4: Tower Specifications

TOWER SPECIFICATIONS

TOWER HEIGHT 40 m
WIDTH AT BASE 10m
TOWER TYPE self-supporting type
TOWER GEOMETRY square base geometry
TERRAIN TYPE CONSIDERED Plain
MAXIMUM TEMPERATURE 75C

BASIC WIND SPEED 50 m/s
BASIC WIND PRESSURE 1600 N/m?
STEEL USED Mild steel

4.3 Loads specification
The consideration loads acting on the tower are:

e Wind load, calculated based on assumed wind speed

e Dead Load. Self-weight of the tower.

e Wire loads.
Acting wind pressure considered in this analysis was based on a
50m/s wind speed which was determined to be 1600 N/m?, the
wind pressure was determined based on the following parameters,
terrain category, risk coefficient, terrain roughness coefficient,
reliability level and design wind speed.

¢ Indian standard 1S875-1987 and 1S802(partl/sec1) 1995 [13]:
P = 0.6(V,)? (6)

Where:
P is pressure.
Vuis Basic wind speed.
e British standard Institution:part 2:1972 :

q = 0.613(V,)? ©)
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Where:
q is pressure.
Vis Basic wind speed.

e American standard ASCE-7-05
q, = 0.613K, X K, X K; x I X d? (8)

Where:

Q: is pressure.

d? is Basic wind speed.
Kz ,Kzt, Kd, I, constant from ASCE-7-05 tables at Basic wind
speed 50 m\s [13]:

I= Importance factor =1

Kd=0.85

Kzt=1.2

Kz=1

From equation, pressure =1600 N/m?. Applied loads for tower
weight, wind and inertia load are shown in figures (4) and (5)
respectively.

Figure 4: Acting Inertial Load
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Figure 5: illustrates the direction of acting wind pressure on tower
structure

The area indicated with red color is subjected to wind pressure
loading of 1600N/m?. Figure 6 illustrates the direction of wind
load.

Figure 6: Direction of acting wind pressure
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4.4 Stress and Permissible Deflections Results

The parameters considered in this study are maximum stresses and
maximum deflections resulted from inertia loads, conductors and
wires loads and wind pressure loading. Assuming that there is no
shifting of the foundation, the deflection of the top of the support
in the longitudinal direction from the vertical should not exceed
the following limit indicated by several references which is “For
small angle and straight line structures with strain insulators
(1/200) H).

The maximum deformation value is 3.5 mm and is Located at the
tower's tip. The location of maximum deflection agrees with
common sense as the wind speed at higher elevation is higher and
the structure at that place is not as strongly supported as other
places of the tower. Figure 7, illustrates the total deformation
across the tower.

S

§
\
-z?zoA

Figure 7: Total deformation across tower

The maximum von Misses stress obtained in this analysis was
36Mpa located at the middle of the tower and this might be due to
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the contribution of inertia load which modeled to be at the center
of gravity of the tower and is shown in Figure (8).

Maximum shear stress is presented in Figure (9), with a value of
180MPa which resulted from wind pressure load acting in the
upper half of the tower and lower part is none (fixed).

Figure 8: Equivalent VVon-Mises stress across tower

Figure 9: Maximum shear stresses across tower
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4.5 Conclusion

In this study the structural integrity of a transmission tower
was investigated numerically using different loads. Based on the
results obtained the following conclusions can be made:

1- Static analysis of tower structure subjected to wind pressure of
1600N/m? and inertial load had produced an acceptable
deformation of 3.5mm.

2- Von Misses stresses resulted from wires, wind loadings and
inertia loading are within reasonable levels.

3- F.S developed is 1.4 which is within the range of this tower
class.
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Abstract

Cantilever beam geometrical parameters such as, dimensions,
volume, weight, and material play significant role in defining the
beam function and where it might be used. The present study is to
obtain optimal cross section dimensions of a hollow square
cantilever beam subjected to static load in order to accomplish the
ideal structure with minimum weight and maximum strength.
Commercial finite element software (ANSYS R17.2) was used for
simulating the hollow square cantilever beam made of steel
subjected to static load at free end and supported at the another
end. Design Optimization technique was used to investigate the
effect of cross-sectional dimensions such as height, width,
thickness and filet radius of flange; on beam weight in order to
withstand the exerted load yet with minimum material keeping the
total equivalent stress just below the maximum yield
stress,(oy<250MPa). Maximum equivalent stress, geometry mass
and total deformation are changed (reduction) in about 30.75%,
22.89% and 67.45% respectively.

Keywords: Optimization technique, Iteration sets, Cantilever
beam, hollow square cross section, Finite element method.

Introduction

Several challenges are facing engineers concerning designing a
product or system with low cost, low weight and good
performance. The optimum design of the product depends on the
selection of the material, geometry, and manufacturing process in
order to meet design requirements and maximize its performance
and minimize its cost [1, 3]. Numerical methods for shape
optimization problems have been used for a long time. The first
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challenge for shape optimization was carried out by Galileo
in1938, who found the minimum weight of a cantilever parabolic
beam by developing a mathematical formulation for shape
optimization [4]. Structural optimization is a significant technique
for designers to tailor a structure for a specific required
performance level[5]. The objective of shape optimization in the
current study is to minimize the weight of the part to produce a
lighter, stronger and lower cost product in shorter time. This
optimization technique is performed by ANSYS Optimizer in an
iterative procedure in order to obtain the optimum part shape that
withstands the same maximum load as the original product
[6].Many studies of design optimization using finite element
analytically were carried out for construction and mechanical
parts, such as cantilever beams, connecting rods, transmission
shafts etc. [5-7]. Analysis and optimizing a bus frame structure
using Finite Element Method in dynamic conditions was carried
out by Ismoyo and et al. [8]. The results show that the structural
weight of the bus frame can be reduced by about 8% without
changing its dynamic characteristics.

In this present work, the commercial finite element software (e.g.
ANSYS software) is used to simulate the hollow square cantilever
beam. The cantilever beam is supported from one of its ends, and
subjected to a static load of 640N at free end. A series of
optimization iterations were carried out using Design Optimization
algorithm to improve the design by changing the design variables,
in order to meet the optimal design dimensions, for a particular
objective function which is in this case minimum weight.

Methodology and finite Element Modelling
Several optimization techniques have been developed to integrate
geometry design and material selection, consequently reducing
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time and cost. ANSYS Workbench finite element modeling
software was used to simulate a hollow cantilever squarebeam
with 800 mm length made of steel. Its subjected to a static load of
640N at its free end. Figure 1 shows the boundary conditions and
initial geometry constraints of the beam.

Figure 6: Boundary conditions and initial geometry constraints of the
beam.

Finite Element Modeling and Analysis

To make sure that the numerical model is correct, the finite
element results should be compared to the analytical solution as
follow;

Analytical solution:

Figure 6: Boundary conditions and initial geometry constraints of the
beam.
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shows the cantilever beam loaded by 640N at the free end, then
calculated the stress and deflection using the following equations

[9].

Stress at the support end (must be constant cross section)

=X (1)
Z
640x800
O =————— = 250.1MPa
2047.36
Deflection at the free end
Fe3 )
6 =—
3EI
640x8003
= = 20.32mm
3%x210000x25592
Where
E= Modulus of elasticity (N/mm?) = 210000 N/mm?
I=Moment of inertia (mm?) = 25592mm*
F=Load (N) = 640 N
o=Stress (N/mm?)
d0=Deflection (mm)
¢=Length of the beam as indicated (mm) = 800 mm
Z= Section modulus of the cross section of the beam
Z=lly (mm?3)
y = Distance from neutral axis to edge (mm) =12.5 mm
Z=2047.36 mm?®
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Finite element solution

ANSY'S workbench static structural tool box is used to build the
model and apply the boundary condition and then view the results
and compare it to the analytical results. Numerical model of the
cantilever beam has been built using ANSYS workbench static
structural tool. The results of the maximum value of Von Mises
stress and the maximum deflection values were compared with the
analytical solution. Figure 2 shows the finite element result of VVon
Mises equivalent stress distribution through the beam length. The
maximum value of Von Mises stress located at the support is o
=258.54MPa, which is higher than the vyield strength of the
material of the beam (Steel A036) (250MPa). Figure 3 shows the
finite element result of the beam deflection, with maximum value
of 21.00mm at the free end of the cantilever beam. Analytical and
finite element results are listed in Table 2, where it can be seen that
these results are compatible with each other.

230158
2.0177e8
1.73398
1.4501e8
1.1663e8
8.8248e7
5.9867e7
3.1486e7
3.1044e6 Min

)‘L
0.000 0.100 (m) X
L Se— )

0.050

Figure 7: Equivalent stress distribution for the initial set.
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Figure 8:Beam Deflection for the initial set.

s

Table 2: Comparison numerical and analytical results of the initial

geometry.
Analytical Result | FEA Results % Error
Max Equivalent stress 250 258.54 -3.42%
Maximum Deflection 20.32 21.00 -3.35%

Optimization process

Double stage optimization process was conducted in this work
using ANSYS optimization algorithm. The design variables, the
constraints and the objective function were defined to avoid
critical situation, yet keeping minimum weight [7]. The first
optimization stage was carried out to get the optimal dimensions
(width & height), starting with initial dimensions shown in Figure
1. Subsequently, the second optimization stage was carried out
defining thickness as well as the fillet radius of the inner angle of
the square as design variables. The upper and lower limits of the
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dimensions were shown in Table 2. Figure 4 shows the final
dimensions (optimal dimensions) for both optimization stages.

Von Mises stress must be kept just at the maximum allowable
stress in order to utilize the beam in its extent with a safe function.
Accordingly, it's important to define the allowable stress with a
proper safety factor of 1.3, which is usually preferred since it is
based on the allowable maximum applied stress instead of yield
stress of the material. The yield stress of steel is 250MPa and the
allowable maximum stress (working stress), with factor of safety
of 1.3, in this beam is equal to 250/1.3 =192MPa.

Table 2: shows the initial and iteration points design of the geometry
dimensions.

. . . . iterations points
Dimension Initial Design Lower Limit | Upper Limit
Width (mm) 25 10 60
Height (mm) 25 10 60
Thickness (mm) 4 15 5
fillet radius (mm) 0.0 0.0 5

Results and Discussion

Several iteration optimization design sets were carried out
by using ANSYS package simulation software. Table3, shows the
finite element analysis and optimization results of the best
candidate design sets (Iteration number 48). It also reveals that the
optimum design set with maximum equivalent stress, mass
geometry and maximum deformation, 184.859MPa, 1.627 Kg and
6.94mm,respectively. Table 4 indicates the comparison between
the initial and the optimum geometry. The maximum equivalent
stress, geometry mass and total deformation are improved
(reduction) in about, 30.75%, 22.89%, and 67.45% respectively.
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Table 3, Finite element analysis and optimization results of the best
candidate design sets.

Candidates | Thickness | Radius | Width | Height E’:?I Sli(rqei.s ISIZZ.S
No. (mm) (mm) | (mm) | (mm) (mrﬁ) (MPa) (Kg)
Best

Candidate 1.922 4225 | 16.202 | 51.07 | 6.94 | 184.859 | 1.627

No. 48

Table 4:comparison of finite element results between the initial and
optimum geometry.

Parameter Initial Optimum %
Geo. Result | Geo. Result | Optimized
Max Equivalent
stress 266.96MPa | 184.859MPa 30.75%
Geometry Mass 2.11Kg 1.627Kg 22.89%
Total Deformation 21.32 6.94 67.45%

Figure 4 shows the optimization iterations versus beam mass as
primary axis and maximum equivalent stress as secondary axis.
Design sets with equivalent stress in range 60 to270MPa, and
geometry mass in a range of 1.25 to 3.5Kg. These points are called
feasible design sets, and all the rest of the iteration’s points are
called infeasible design sets, which are out of our design work as

seen in Fi

gure 5.
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Equivalent Stress MPa

Equivalent Stress Vs Geometery Mass
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Figure 4: Maximum equivalent stress and beam mass versus

optimization iterations points.
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Figure 5: Feasible and infeasible design sets of equivalent stress versus

geometry mass.
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From Figure 4, we can also see clearly that the optimum design set
at iteration point 48, which has the equivalent stress of
184.859MPa, and a minimum geometry mass of 1.62Kg. Figure 6
shows the optimization iteration versus the equivalent stress as
primary axis, and the beam height and width as a secondary axis.
It clearly reveals that the optimum beam cross section width and
height are 16.20mm and 51.07mm respectively.

Equivalen Stress Vs Width and Height

%0 |
20 |
20 ¢
200 &
180 4
160
140 F
120
100 Fy
80 | : : ‘
60 W - | P— | i SIS | ey e | i ) = h).

1 5 9 132728 25:'29 33 31 N1 45 49 53 57
Design Sets (iterations)

O Equivalent Sterss  ——o=— Widthmm = = = Height mm

Figure 6: Design sets (iterations)versus the maximum equivalent stress,
and the beam cross section (width and height).

Equivalen Stress (MPa)
Width and Height (mm)

Figure 7 illustrates the optimization iteration versus total deflection
of the beam as primary axis, and the beam cross section as
secondary axis. The optimum cross section (design set 48) has
maximum deflection value of 6.94 mm.
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Total Deformation Vs Width and Height
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Figure 7: Maximum deformation and beam cross section versus design
sets.

Width, height, thickness and filet radius of flange, are the design
variables of the structure dimensions, which have the significant
role to obtain the objective function of this work, allowable
working stress < 190MPa, with minimizing of the geometry mass.
Sensitivities of the constraints (equivalent stress) and the objective
function (beam mass) to the design variables are shown in Figure
8. When the sensitivity has a negative sign, the design variable is
inversely proportional to the constraint or the objective function,
and vice versa. It’s clear that the filet radius of flange, does not
make any change through the iteration points for both total
deformation and minimizing of the geometry mass, whereas has a
big negative for equivalent stress. However, design variables such
as width, height and thickness have a positive change for geometry
mass and vice versa for equivalent stress and total deformation.
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Figure 8: Sensitivities of the objective function and the constraints to
design variables

Conclusions

In this present work, finite element software (ANSYS Workbench
R17.2) was conducted to simulate the hollow square cantilever
beam which is subjected to a static load value of 640 N at the free
end, in order to investigate the behaviour and to predict the stress
distribution induced by the subjected load.

The following conclusions can be drawn from the present
investigation:

» The optimal beam dimensions ware achieved, with optimum
cross-sectional design as seen in Table 3; (the best candidate,
design set No. 48).
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» The optimum design set has an equivalent stress, minimum
geometry mass and total deformation values are of
184.859MPa, 1.62Kg and 6.94mm respectively.

» The maximum equivalent stress, geometry mass and total
deformation are improved (reduction) in about, 30.75%,
22.89%, and 67.45% respectively.

» The filet radius of flange does not make any change through
the iteration points for both total deformation and geometry
mass, whereas has a big negative for equivalent stress.

» Significant positive change of geometry mass was obtained by
design variables of width, height and thickness and vice versa
for equivalent stress and total deformation.

» The cross section of the geometry changed from rectangular to
square with optimum cross section values of width, height,
thickness and filet radius of flange; are 16.20mm, 51.07mm,
1.922mm and 4.225mm respectively.
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Abstract

Gas dehydration is widely used in natural gas treatment plants as a
common process and it removes water which is associated with
natural gases in vapor form. The dehydration process is mandatory
for ensuring smooth operation of gas transmission lines. Water
content in natural gas cause several technical problems such as
corrosion and hydrates which may block valves and pipelines.
Therefore, this study aims to simulate the prospective Bahr Alsalm
gas dehydration process by using Aspen HYSYS V. 8.8 program.
Moreover, the model has been built according to the actual process
flow diagram.

It well known that Increasing feed temperature leads to less
dehydration efficiency and as expected, flow rate of natural gas
has no effect on the dehydration efficiency. Although it well
known that a higher inlet flow rate of natural gas will reduce the
dehydration efficiency
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. The simulation process succeeded to reduce the water content to
less than 0.000001ppm.

Keyword: Aspen Hysys, Gas dehydration, Process simulation,
Water content.

ailal)

AlaaS cadall Sl dallae Gllaae (B awdy Bl o Sl Caaead aadi
o il Adee iy <5 8 Al AL Jabiadl) ela) A1) S5 dxils
Sl G el gima W JB laghaal Gulid) dirdall placal dulyl] dulee
Gilolawall aes 28 ) gy JSH Jie £l JSLE e 3ad) Gaseny (grhall
s ol Caiat dolee Blak ) Auhall oda Cangd ¢ A L) dagha,
&l Je sdle (Aspen HYSYS V. 8.8 zalip alainl dlasall allul
bl Adaal) (38 Jadadd Gy g 3gaill oy

cisia s LSy Giliall Jil 50US ) 525 40l Bha A 53l O gyl (s
Oe o) o caliall 5ol e il (o 4l Gad el Ll A Jae 6 ¢
5ol (e e Jaaal b candall S 335 Jaee g i) o) g paall (e 4l
gi> 0.000001 oo S8 ) sl (ggime Qs b 3lSIadll dilae canas L Cilia)
Osalall

1-Introduction

Dehydration of natural gas is needed to remove the water that is
associated with natural gases in vapor form [1]. . The demanding of
the natural gas in recent decades have been raised dramatically.
Nowadays, the natural gas poses a huge rule in the world economy
and development However, natural gas exists in deep underground
reservoir under certain temperature and pressure. Therefore, it
might contain numerous of non-hydrocarbon components for
instance, carbon dioxide ,nitrogen and water vapor. In fact, Natural
gas to be transported by gas pipelines or processed have to meet
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certain specifications for example, H2S must be reduced to less
than 4ppm [2]. Sweet gas is still wet and content considerable
amounts of water vapor which it might lead to huge technical
problems such as, hydrate formation and corrosion. Indeed, water
vapor in natural gas should be reduced or removed and the main
reasons for removing of water from natural could be summarized
as follows: Water content of natural gas losses of its heat value,
liquid water in natural gas pipelines potentially causes slugging
flow conditions resulting in lower flow efficiency of the pipelines
[2]. In many commercial hydrocarbon processes, the presence of
water may cause side reactions, foaming or catalyst deactivation.
Therefore, to prevent such problems, natural gas treating is
unavoidable. There are different methods for water treating of
natural gas for instance , adsorption, absorption, membrane
process, methanol process and refrigeration [3]. Among mentioned
methods absorption, which is called "dehydration” and use a liquid
solvent as an absorbent, is most common technique for treating
natural gas [4], [5]. Indeed, gas dehydration by glycol is capable
to decrease the water content of natural gas to less than 0.01ppm
[6]. The objective of this study is to make a simulation for gas
dehydration unit at Bahar Alsalam field . Process optimization is
also achieved and the aim of this optimization work to examine
several specific operations and the simulation results to be
compared with an actual one.

2.Case study

The location of Bahr Alsalam gas and condensate field is within
Block NC41 in the Mediterranean Sea, around 110km from
Tripoli, Libya.. The offshore gas and condensate field are operated
and owned by Mellitah Oil & Gas (MOG), an equal joint venture
(JV) between Eni, and National Oil Corporation (NOC).The
production in the field started in 2005 as part of the Bahr Essalam
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Phase | project. MOG has now proposed the Bahr Essalam Phase
IT project, which will involve the development of the field’s
unexploited areas.The Libyan offshore field currently produces
approximately 600 million standard cubic feet a day (MMscfd) of
sales gas and approximately 30,000bbl/d of condensate[7].

3. Simulation

To make a comparison between different retrofit solutions for an
existing plant it is compulsory to start from a simulation that is as
much as possible close to the real plant behavior The simulation
process was done successfully and Fig.1 shows the process flow
diagram of Bahr Alsala gas dehydration plant. As it seems from
Fig. 1 several process units are used in glycol process.
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Fig 1.Complete process flow diagram of gas dehydration

3.1 Main Case simulation

In this study, real data plant were collected to obtain a reliable
simulation of the unit by means of the software HYSYS.(v.8.8)
simulator. The results obtained were compared with the real plant
data and a good agreement was obtained. To develop a good
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simulation, it is a difficult task and many plant data and much
time are needed together with a good technical knowledge of the
plant .

A typical feed gas composition, temperature and pressure were
selected to model the wet gas inlet in Hysys as shown in table 1
and table 2.

Table.1 Operating conditions

Parameter Value
Temperature 80°C

Pressure 76 kPa

Mass Flow 5.335e+004Kg/h

Table.2 Natural Gas composition

Component Ma_ss
fraction

Methane 0.6857

Ethane 0.419

Propane 0.147
i-Butane 0.0033
nButane- 0.0062
Pentanei- 0.0032
Pentanen- 0.0033
Hexanen- 0.0054
n-Heptane 0.0054
n-Octane 0.0056
n-Nonane 0.0035
n-Decane 0.0021
n-C11 0.0013
n-C12 0.0022
H20 0.0198
H2S 0.0195
Nitrogen 0.0299
CO 0.0000
Cco2 0.1470
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3.2 Modified case

In this work we focused our attention to an industrial gas
dehydration unit, evaluating the possibility to modify the feed
conditions by changing the feed condition such as, temperature ,
pressure and gas flow rate.

3.2.1 Effect of Temperature

The temperature is changed from 40 C to 44 C with 1 _C
interval for each circulation. The effect of temperature has a
significant change for both gas outlet flow rate as well as water
content value. The flow rate of gas product increased from 40C to
44C which reached to 8%.Moreover, the value of water content
raised gradually from 1.99e-5 (main case) to 2.36e-5 for
temperature 44C which considered as high value and out of
permissible range for exporting the gas..

Table.3 Effect of Temperature

Case.No Tempera" Gas outlet flow | water content
ture(C) Rate (Scfd)

Case(main) 1 40 44805214 1.99e-5

Case 2 41 44833416 2.08e-5

Case 3 42 44860996 2.17e-5

Case4 43 48815542 2.26e-5

Case5 44 48841858 2.36e-5

3.2.2 Effect of Pressure

As it can be seen from the table below, the change of pressure has
a very small effect on flow rate of gas product .Regarding the
effeteness of pressure on water content, the increasing pressure can
be considered as negligible.
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Table.4 Effect of Pressure
Case.No Pressure(bar) Gas out let flow water
Rate (Scfd) content
Case(main) 1 76 44805214 1.99e-5
Case 2 77 44805132 1.99e-5
Case 3 78 44805048 1.99%-5
Cased 79 48804964 1.99%-5
Case5 80 48804876 1.99e-5

3.2.3 Effect of gas flow rate
The effect of gas flow rate on the products as well as the removal

of water vapor

during adsorption which compared with the actual data tabled
below. Table.5 shows the variation of gas product for different
natural gas flow rates during water adsorption. It is also noted that
as the inlet gas flow rate increases (from
500000 to 540000 Scfd ) and the removal percentage of water
vapor remains constant .

Table.5 Effect of gas flow rate

Case.No Gas inlet flow | Gas outlet flow | water content
Rate (Scfd) Rate (Scfd)
Case(main) 1 500000 44805214 1.99e-5
Case 2 510000 48814364 1.99e-5
Case 3 520000 48823593 1.99e-5
Cased 530000 48832818 1.99e-5
Caseb 540000 48841992 1.99e-5
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3.2.3 Effect of TEG flow rate

The details of TEG package are shown in Fig. 1., The natural gas
flows to the contactor tower for water removal. The gas enters
contactor tower from the bottom where it meets lean glycol
solution entering the tower from the top (number of stage 3), It is
obvious from the table below ,that the increasing of TEG flow rate
will decrease the gas product .In contrast, the amount of water
content increases. This might be attributed to the increase in water
load as the TEG flow rate increases and therefore, decreasing of
contact time . It is clear from the table, that at the start of water
vapor adsorption, the percentage removal of water vapor is low
then increases gradually until it reached a constant value. The gas
outlet flow rate decreasing with the increasing of TEG flow rate.

Table.6 Effect of TEG flow rate

Case.No TEG flow Rate | Gas outlet flow | water content
(Scfd) Rate (Scfd)

Case(main) 1 13000 44805214 1.99e-5

Case 2 13500 48797795 1.99¢e-5

Case 3 14000 48790451 2e-5

Case4 14500 48783109 2e-5

Caseb 15000 48775725 2.01e-5

4. Conclusion

In conclusion, the presence of water in natural gas causes flow
assurance issue hence the need to dehydrate the gas. With the use
of HYSYS software, the gas was dehydrated and process
optimized. Results obtained showed that using gas inlet flow rate
at 540000 Scfd can achieve good gas product as well as high water
removal. In addition, the results revealed that the effeteness of
pressure on water content can be considered as negligible.
Moreover, another concern of the dehydration process must be

taken into consideration which is the amount of hazardous air
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pollutants released, that should be meeting the environmental
regulations .
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ABSTRACT:

This paper aimed to use magnesium oxide (MgO) for treatment of
silty sand. The soil was obtained from a depth of 50cm below
natural ground level from south of Libya. Four MgO doses ranged
(0, 6, 12, 18%) were mixed by dry unit weight pure soil. The
evolution in Shear strength and maximum dry density of soil-
MgO were studied in this paper. The results show that a
considerable growth in soil strength was obtained and reductions
in voids (i.e. densification of treated soil) as well as soil particles
were glued together by mixture formed.
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1. INTRODUCTION:

Site feasibility study for geotechnical projects is of far most
beneficial before a project can take off. Site survey usually takes
place before the design process begins in order to understand the
characteristics of subsoil upon which the decision on location of
the project can be made.

In geotechnical engineering, soil stabilization or other methods are
required when a given site does not have suitable engineering
properties to support structures, roads, and foundations. One
possibility is to adapt the foundation to the geotechnical conditions
at the site. Another possibility is to try to stabilize or improve the
engineering properties of the soils at the site. Depending on the
circumstances, this second approach may be the most economical
solution to the problem (Holtz and Kovacs 1981). This second
approach includes mechanical as well as chemical stabilization.
Mechanical stabilization is produced by compaction. Chemical
stabilization is achieved by mixing the soils with additives. This
state of the art review focuses on soil stabilization method which is
one of the several methods of soil improvement.

Soil stabilization depends mainly on chemical reactions between
stabilizer (cementitious material) and soil minerals (pozzolanic
materials) to achieve the desired effect. A chemical stabilization
method is the fundamental of this review and, therefore,
throughout the rest of this report. Numerous kinds of stabilizers
were used as soil additives to improve its engineering properties. A
number of stabilizers (cementitious materials), such as lime,
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calcium chloride, cement and fly ash... Or combination of these,
depend on their chemical reactions with the soil elements in the
presence of water (Azadegan et al., 2012; Mallela et al., 2004;
Ramadas et al., 2011). Other additives, such as geofiber and
geogrid, depend on their physical effects to improve soil
properties (Alawaji, 2001; Viswanadham et al., 2009). In addition,
It can be combined both of chemical and physical stabilization, for
example, by using lime and geofiber or geotextile together (Yang
et al., 2012; Chong and Kassim, 2014).

The stabilized soil materials have a higher strength, lower
permeability and lower compressibility than the native soil (Keller
bronchure 32-01E). The method can be achieved in two ways,
namely; (1) in situ stabilization and (2) ex-situ stabilization. Note
that, stabilization not necessary a magic wand by which every soil
properties can be improved for better (Ingles and Metcalf, 1972).
The decision to technological usage depends on which soil
properties have to be modified. The chief properties of soil which
are of interest to engineers are volume stability, strength,
compressibility, permeability and durability (Ingles and Metcalf,
1972; Sherwood, 1993; EuroSoilStab, 2002). For a successful
stabilization, a laboratory tests followed by field tests may be
required in order to determine the engineering and environmental
properties. Laboratory tests although may produce higher strength
than corresponding material from the field, but will help to assess
the effectiveness of stabilized materials in the field. Results from
the laboratory tests, will enhance the knowledge on the choice of
binders and amounts (EuroSoilStab, 2002).

A few studies have also been done to investigate the effect of
magnesium- based additive on the properties of soil and clay
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minerals. Caillere and Henin : Gupya and Malik; Carstea et al. ;
Xeidakis and Urena et al. showed that the additition to brucite to
montmorillonite induced reduction in swelling potial. This study
attempts to investgate the efficiency of magnesium oxide to
improve the geotechnical properties of a silty sand soil.

2. REVIW OF LITERATURE:
The result of few conducted studies used magnesium based
additives to stabilize the soil was significant improvement
achieved in soil strength, workability and durability. Therefore, it
Is need to conduct extensive studies to determine the efficiency of
this material in soil stabilization.

3. MATERIALS:

3.1SOIL

Table (1) shows the physical properties of the soil used in this
research. The soil was collected from depth of 50 cm below natural
ground surface. Figure 1 and 2 show the grain size distribution and
dry density —water content relationship respectively.

Tablel: Physical properties of tested soil

Property Maximum Optimum Liquid Plasticity
Dry density Water Limit Index
g/cm?® Content % % %
Values 1.6 | 15% NV NP
Specification AASHTO T99-01 ASTM DA4318
% % % UCsC
Gravel Sand Fines
0 86.5 135 SM
USCS (D2487)
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Figure 1: Grain size distribution for the tested soil
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Figure 2: Dry density — water content relationship
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3.2 MAGNESIUM OXIDE (MAGNESIA)

Some physical and chemical properties of Magnesium Oxide are
shown in Table 2.

Magnesium oxide

Table2: Physical and chemical properties of Magnesium Oxide:

Chemical | Molar | Appearance Odor Density | Melting
formula mass Point

MgO 40.304g/ White Odorless | 3.6g/cm | 2,852C°
&

mol Powder
Solubility Magnetic Thermal Relative Crystal
Susceptibility Conductivity Index structure
Soluble in
acid, -10.2x10 45-60 W.mt k! | 1.7355 Halite
ammonia cm?/mol (cubic)
insoluble
in alcohol
Coordination Heat Boiling
Geometry Capacity Point
(©
Octahedral(Mg?) 37.2
(0% J/mol 3,600 C°
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4. METHODOLOGY:

The tested soil (Pure soil) was mixed with four dosages of
magnesium oxide i.e. 0.0, 6.0, 12.0, and 18.0 % by weight of dry
soil. Figure 3 shows the grain size distribution of mixed soil. Four
groups of mixture were prepared. Each group involved mixing the
soil with the same dosages of magnesium oxide mentioned above
and four remolded water contents of 5%, 10%, 15%, and
20%.These water contents represent optimum and wet of optimum
water content (Wopt). The mixing procedure involved mixing the
fully dry soil with the required amount of water. The MgO was
then added step by step and well mixed with soil sample to ensure
that the MgO is well distributed over the soil sample particularly
MgO. Shear box test was carried out to evaluate the evolution in
soil strength. All specimens were tested with loading rate
(mm/min). Standard Proctor test was carried out to determine
maximum dry density for mixtures. Comparison was made
between pure and mixed soil.

PARTICLE SIZE DISTRIBUTION CURVE

120
100 e«
80 %
- =9—Sample(0%)
60
5 =l—sample( 6%)
40 Q
o sample (12%)
20 W
0 =>=sample(18%)
10 1 0.1 0.01

GRAIN SIZE-mm

Figure 3: Grain size distribution for the tested soil
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5 RESULTS AND DISCUSSION:
5.1 RESULTS OF SHEAR STRENGTH
Table 3 shown below presented the results obtained from shear
box test. They show the strength gain for various contents of MgO.
The results of shear box test for the pure soil at water added 5%
(6gr) show that the shear strength was 208.7kpa for normal stress
is 408.75kpa, the strength drops to 135.11kpa at water added 10%

(12gr) after mixing the tested soil with 6% of MgO at the same
normal stress..

Table 3: The results summary of shear box test

Sample (0%0)
Stresses(kPa) Estimated parameters
Step | Normal | residual | Peak | Peak Peak Residual | Residual
0'p c’ 0’c c’
(deg) | (kpa) (deg) (kpa)
1 136.25 0 36.19
2 2725 0 154.4 | 32.3 -39.4 0 0
3 408.75 0 208.7
Sample (690)
Stresses(kPa) Estimated parameters
Step | Normal | residual | Peak | Peak Peak Residual | Residual
0'p c’ Q’c c’
(deg) | (kpa) (deg) (kpa)
1 136.25 53.08 53.08
2 2725 0 1146 | 16.8 18.9 -11.0 70.8
3 408.75 0 135.1
Sample (12%)
Stresses(kPa) Estimated parameters
Step | Normal | residual | Peak | Peak Peak Residual | Residual
o'p c’ @’c c’
(deg) | (kpa) (deg) (kpa)
1 136.25 45.84 49.46
2 272.5 0 126.7 | 40.2 -78.4 -9.5 61.1
3 408.75 0 279.9
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However, a dramatic increase in soil strength by increasing the
content of MgO. Soil strength reaches values of 279.87kpa,
340.19kpa for 12% (water added 15% (8gr)) and 18% (water
added 20% (24gr)) of MgO respectively

Sample (18%0)
Stresses(kPa) Estimated parameters
Step | Normal | residual | Peak | Peak Peak Residual | Residual
(Plp ¢’ (pac ¢’
(deg) | (kpa) (deg) (kpa)
1 136.25 0 57.9 46.0 -90.5 47.8 -142.3
2 272.5 173.71 177.3 deg
3 408.75 300.38 | 340.2

5.2 RESULTS OF DRY DENSITY
Figure 4 shown below presented the results obtained from
Standard Proctor Test. They show the maximum dry density and
Optimum moisture content for various contents of MgO. For the
pure soil show that the maximum dry density is 1.6 g/cm® and
Optimum moisture content is 15%, An improvement in the
compaction properties of the mixed soil: The maximum dry
density rises, while the optimal water content drops, The
maximum dry density has increased progressively by increasing
the content of MgO of 1.7 g/cm?, 1.8 g/cm® and 1.9 g/cm? for 6%,
12%, 18% respectively.
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Figure (4-a)- the results obtained from Standard Proctor Test -sample 6%
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Figure (4-b)- the results obtained from Standard Proctor Test — sample
12%
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Figure (4-c) the results obtained from Standard Proctor Test - sample

18%

5.3 JUSTIFICATION OF SOIL STRENGTH GAIN

Based on the outcomes obtained by the results, the Magnesium
oxide, in its reactive state, has been proved to be an excellent soil
stabilizer by itself, particularly with sand, the strength gain can be
justified by the following tips:

.Increase the grains size of treated soil makes the particles tougher.

. Reduction in voids and densification in soil packing.

5.4 JUSTIFICATION OF DRY DENSITY OF SOIL

The Uniformity Coefficient is observed to have an important
correlation with the maximum dry density. It is seen that variations
in the Uniformity Coefficient represent proportional change in the
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maximum dry density. This Proportional relationship is expressed
by the equation yq = 87.715xCu%16®

Also the cementation properties of the sand tends to provide higher
maximum dry densities because the conglomeration of the soil’s
particles. It was noticed that this characteristic depends on the
amount of fines (i.e for the studied soils this difference ranges
from 6 to about 18%)

6. CONCLUSION:
Based on the obtained results, the following conclusions can be
drawn:

1. The shear strength of treated soil increased significantly
with increasing percentage of magnesium oxide. This
strength gain is inversely proportional to the remolded
moisture content.

2. The studied show a alteration of treated soil. The following
alteration can be explored:

- Densification in soil mass due to lowering in voids of
treated soil

- Increase the grains size of treated soil makes the particles

tougher.

Reduction in voids and densification in soil packing.
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Abstract

E-learning styles are considered one of the most interesting
research areas in the field of education and training in the last
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decade. The learning process depends on electronic devices to
assure the student’s presentation in higher education. As most
world universities have adopted e-learning as tool for teaching, the
purpose of this paper is to study students attitudes toward e-
learning. The sample for this study was 306 students from the
science faculty in a TOBRUK’S university. By using(UTAUT), a
questionnaire adapted from UTAUT is used to collect data, which
is then descriptively analyzed by using IBM SPSS statistics
version 21. The study concluded that performance expectancy,
effort expectancy, social influence, attitude toward technology and
self-sufficiency are all significant determinants of behavioral
intentions to use e-learning.

Keywords: E-learning, Unified Theory Of Acceptance And Use Of
Technology (UTAUT), SPSS.

1. Introduction

Nowadays, as a result of the rapid development of information and
communication technology, higher education has changed the
concept and style of learning from traditional class room to e-
learning, which has become widespread among educational
institutions [1]. Many researchers in the domain of e-learning have
their own definitions of the term. In general, e-learning is defined
as "instructional content or learning experience delivered or
enabled by electronic technologies" [2]. Gunasekaran et al. defined
e-learning as an Internet-enabled learning process[3]. Shopova
said, "E-Learning became an important instrument in the new
Higher Educational Environment in the digital age, which creates
student-centered learning and educational practice, offering new,
more flexible learning methods”[4]. E-learning is a tool used to
transform traditional class room through electronic means such as
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computers, mobiles, and iPads. In other words, institutions using e-
learning will expand and improve the educational process.Edwards
and Finger [5] found that "many universities have information and
communication technology that has been integrated into academic
courses because it has realized the value achieved generalized in
the circular process, "and" electronic circularization represents a
large area of information acquisition Through information
technology and communications™ as decided by Obakova [6] that
"very effective circularization can be obtained by combining
methods Conjugation and e-circularization."” Recently, many
researchers have focused on technology acceptance and e-learning
[7]. Universities in all countries responded to e-learning differently
based on their regulations Therefore, the researchers should
explore this case by studying student attitudes toward e-learning in
a specific university.

The paper will be divided into three parts the first part, simply
shows a literature review which covers the research on the e-
learning theory and model that can be explained and predicted an
acceptance of new technology ,second part is the foundation stone
upon which the rest of the study is constructed, description of the
research methods, hypotheses and instrument measurement
reliability, the third part will be particularly devoted to the result
of this study which will assist to place the research in its broader
framework whereas the conclusion and recommendation will be
drawn in the final part.

2. Unified Theory of Acceptance and Use of Technology
(UTAUT)

Among the obstacles faced by educational institutions are the
acceptance of technology, [8][9], patterns of use behavior among
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individuals, and the acceptance of technology as the explicit desire
within a user group to use IT for the tasks that have been
developed for it [10]. A model that accepts technology or has shed
some light on a unified theory of technology acceptance and use is
an attempt to develop the predictive power of the eight following
mentioned models of technology acceptance which are
SCT,IDT,TRA, TPB, TAM,MPCU,MM,C_TPB-TAM. however
LUTAUT (FIG.1) was adapted in this study which introduced by
Venkatesh et all [11] to be used in predicting the user acceptance
of any information technology system and to diagnose design
problems before the users actually use this system through two
factors encompassing four main concepts: Performance
Expectancy (PE), Effort Expectancy (EE), Social Influence (SI),
and Facilitating Conditions (FC).

Performance Behavioral 5 Use
Expectancy | A A Intention Behavior

Effort / ke

Expectancy /A/
Social /'/
Factors //
/’J/
Facilitating |
Conditions
Gender Age Experience Voluntariness

Of Use

Fig. 1. UTAUT Model (Venkatesh et al., 2003)
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As Figure 1 shows, the UTAUT model consists of six constructs:

1.

Performance Expectancy: is defined as level where pertains to
the degree to which individuals believe that the use of
technologies will result in performance gains.

Effort Expectancy: is defined as level to the ease or complexity

when using new technology.

Social Influence: is defined as the degree to which an

individual is motivated by others to use technologies.

Facilitating Conditions: is defined as the level of ease provided

to an individual when using the new technology.

Behavioural intention: is defined as the degree to which a

person has formulated conscious plans to perform or not

perform a specified future behavior.

Use behavior: is defined as measured users’ actual frequency

of technology use. In addition to the six constructs, four

moderators are incorporated into the UTAUT model:

A. Gender: The effects of performance expectancy, effort
expectancy and social influence on behavioral intention are
moderated by gender.

B. Age: The effects of performance expectancy, effort
expectancy and social influence on behavioral intention, as
well as the influence of facilitating conditions on use
behavior, are moderated by age.

C. Experience: The effects of effort expectancy and social
influence on behavioral intention, as well as the effects of
facilitating conditions on use behavior, are moderated by
experience.

D. Voluntariness of use: The effects of social influence on
behavioral intention are moderated by voluntariness of use.
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3. Samples and Data Collection

3.1 Demographical Statistics

Survey Sample

Stratified sampling technique was applied in this study

including department ,number and percent as shown tablel.
Table 1: Sample details

Department Number Percent
Computer science 59 19.3%
Mathematics 23 7.5%
Physics 17 5.6%
Chemistry 47 15.4%
Zoology 62 20.3%
Botany 37 12.1%
Geology 61 19.9%
Total 306 100.0

The results of descriptive statistics indicated that 43.79% of the
participants were male, and 56.20% were female. Age of the
participants ranged from 18-21 years old,(Table2).

Table 2: Demographics of respondents

Measure Item Frequency Percentage (%)
Gender Male 134 43.79%
Female 172 56.20%
Internet Lit?le 64 20.9
experience Me<_j|um 191 62.4
Rich 51 16.7
18 62 20.3
Age 19 58 19.0
20 99 324
21 87 28.4

SPSS (Statistical Package for the Social Sciences )was used to
examine the data and perform reliability, correlation, and
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regression analyses. The questionnaire consists of (23) question
items for which four of each question items were under each of the
UTAUT constructs. We employed Likert scale ranging from 1 to
5, where 1 = strongly agree, 2 = agree, 3 = natural, 4 = disagree
agree, 5 = strongly disagree, to indicate to their level of accepting
with attitude statements toward e-learning. Table 3 shows the
reliability of the measurement scale. However, the results come
according to cronbach's alpha (to measure and assess the
reliability of test items )of the UTAUT scales which is a sequel of
previous analysis attempts to extend profoundly some
interpretations of attitude toward using technology and social
influence ranged between 0.439 to 0.760 respectively, to
demonstrate the validation and an acceptable to excellent
reliability for each scale based on the rules of thumb given by
George and Mallery [12].

Table 3: The reliability of the measurement scale

Constructs NO. of Item Cronbach’s Alpha
Performance Expectancy 4 0.653
Effort Expectancy 4 0.713
Attitude Toward Using Technology 4 0.760
Social Influence 4 0.439
Facilitating Conditions 4 0.571
Behavioral intention to use the 3 0.743

system

3.2 DESCRIPTIVE ANALYSIS

This section illustrates a descriptive statistical analysis in order to
introduce a better understanding of the students’ perceptions.
Table 4 summarizes the frequencies and corresponding
percentages for the students' perceptions with respect to E-
learning. As can be seen the students tend to prefer E-learning is a
useful and productive tool; however, tables below show that the
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respondents have confirmed that the students of the faculty of
science have a tendency Positive towards the use of e-learning, as
shown through the averages of the sample members, and small
standard deviations close to the correct one.

Table 4: Descriptive Statistics for UTAUT constructs.

wn o »
>Z | » | Z2 | B |BF
E w% Ué E B | cr% Std attitude
e, o - o | e, .
SR - o & 8 < [EEE-. Deviation | statement
No No No No No
% % % % %
158 | 92 | 45 6 5 1.72
P Strongly
§ El 501/;6 33;1 1;;7 20% [1.6% | -, Le| L Agree
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Notes: AT: attitude; EE: effort expectancy; FC: facilitating conditions;
PE: performance expectancy; Sl: social influence; BI: behavioral
intention.

3.3 Correlation Analysis

Convergent validity and discriminated validity are assessed by
Pearson correlation analysis. Guidelines suggest that factor
loadings greater than 0.50 or a stricter criterion greater than 0.70
[13]. the relationship between the variables is positive and has a
very high statistical significance (Less than or equal to 0.001)
Therefore, all constructs in the model have adequate reliability and
convergent validity. Correlation results are showed in table 5.

Table 5: Correlation of adoption factors

PE EE AT SI FC BI
PE 1

EE | 0.608" 1

AT | 0.585 | 0.555™ 1

SI | 0.410" | 0.442 | 0.332" 1

FC | 0.423™ | 0.444™ | 0.364™ | 0.376™ 1

Bl | 0479 | 0.487" | 0.526™ | 0.365" | 0.355" | 1

Correlation is significant at the 0.01 level (2-tailed).

4. Conclusion

The study dealt with the acceptance of students of the Faculty of
Science at TOBRUK University of e-learning, and through the
above, the researchers reached the following results:

1. Students of the Faculty of Science at TOBRUK University
are convinced that electronic education will provide

;\mbewuj.mw
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benefits to consumers in utilizing e-learning , with an
average of 1.76, according to the weighted mean.

2. Students are convinced that e-learning will be easy to use,
with an average of 2.0625, according to the weighted mean.

3. Students perception Using E-Learning is a good idea and
make work more interesting, with an average of 1.86,
according to the weighted mean.

4. Students perceive that important people (e.g. university of
TOBRUK) believe that they should use a e-learning
technology, with an average of 2.60, according to the
weighted mean.

5. Students perception of the resources and support available
to use e-learning , with an average of 2.26, according to the
weighted mean.

6. Students’ desire for e-learning in the future is positive, with
an average of 2.28, according to the weighted mean.

In general, the results of this study show that students of the
Faculty of Science from TOBRUK University are well versed in
the latest tools and forms of e-learning and have a high rate of
access to the internet, so they are ready to use it as well. Students
are also interested in using e-learning rather than traditional
teaching.

5. Recommendations

Based on the results of this study, including the practical side and
the results of the questionnaires, the researchers make the
following recommendations to the Ministry of Education:

e To promote awareness of the importance of using electronic
dissemination, and to disseminate success stories to increase
the expected benefit factor of using e-learning.
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To provide suitable number of computers at colleges, so there
will be extra time available for teachers and students.

To hold training courses for teachers at colleges so that they
are trained on how to use computers and the internet in
education and how to implement e-learning.
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Abstract

Control systems engineers have recently began using intelligent
control instead of classical control to solve many control system
problems, because it simulates human thinking and needs less
mathematical modeling and deals with non-linear systems much
easier. Those facts were the main motivation to use intelligent
control to improve the efficiency of speech recognition. In this
paper, first speech recognition is defined and explained, then
intelligent control, specifically fuzzy logic control, is used to
improve the efficiency of speech recognition. Ten numbers, one to
ten, were used to test and evaluate the system. Intelligent control
proved to be very efficient in situations where classic control fails
to recognize one number from another because of the close
similarity in their characteristics.

Keywords: Speech Recognition; Intelligent Control; Fuzzy Logic.
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I. Introduction

Speech recognition, also sometimes referred to as voice
recognition, is software technology that lets the user control
computer functions and dictate text by voice, and since it is
nonlinear process it needs complex mathematical modeling and the
whole premise behind Intelligent Control (IC) is that the system to
be controlled does not have to be rigidly modeled. Here engineers
only have to input the appropriate stimuli to the IC and evaluate it.
The IC itself develops a model of the system to be controlled.
Some of the IC techniques are: Artificial Neural Networks (ANN),
Genetic Algorithms (GA), Genetic Programming (GP) and Fuzzy
Logic Control (FLC) to name a few (Gaikwad, 2013).

FLC is used in this paper to improve speech recognition because of
its tolerance of imprecise and fuzzy reasoning builds this
understanding into the process and thus simplify the process of
modeling complex nonlinear functions. In this paper, FLC is
utilized to efficiently recognize the small differences between 10
numbers, one to ten, sounds, where classic control fails.
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This paper is structured as follows. In Section IlI, speech
recognition is defined and explained. Artificial intelligence is
introduced in section 111 and fuzzy logic is specifically discussed in
details. System design, result and analysis is featured in section IV.
At the end, some conclusions and suggestions for some future
work techniques that could make the system recognize much more
numbers and characters is listed in Section V.

I1. Speech Recognition

Speech recognition, also sometimes referred to as voice
recognition, is software technology that lets the user control
computer functions and dictate text by voice. For example, a
person can move the mouse cursor with a voice command, such as
opening up a file menu; or creating documents. For these reasons,
more and more people with special needs are considering speech
recognition as an alternative to computer access. Figurel shows
steps of speech recognition(Sawakare et al., 2015).

SPEECH SPEECH
USER MICROPHONE SOUND CARD RECOGNITION AWARE
ENGINE APPLICATION
‘g W AATD WHAT
Ej TAYM TIME
A IHS IS
‘[.|'||] e IHIT IT
User speaks into Captures sound Converts acoustic Converts digital Application
the microphone. waves & then signal to digital signal to process words as
generate signal phonemes, then text input.
electrical impulse words
Figurel. Steps of speech recognition
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A. Types of Speech Recognition

Speech recognition systems can be divided into the number of
classes based on their ability to recognize that words and list of
words they have. A few classes of speech recognition are classified
as follows:

¢ Isolated Speech

Isolated words usually involve a pause between two utterances; it
doesn’t mean that it only accepts a single word but instead it
requires one utterance at a time.

e Connected Speech

Connected words or connected speech is similar to isolated speech
but allow separate utterances with minimal pause between them.

e Continuous speech

Continuous speech allows the user to speak almost naturally, it is
also called the computer dictation(Sawakare et al., 2015).

B. Classification of Speech Signal

Speech can be divided into numerous silence, voiced and unvoiced
regions. Silence is when no speech is produced. Voiced speech
consists of more or less constant frequency tones of some duration,
made when vowels are spoken. It is produced when periodic pulses
of air generated by the vibrating glottis resonate through the vocal
tract, at frequencies dependent on the vocal tract shape. About
two-thirds of speech is voiced and this type of speech is also what
is most important for intelligibility. Unvoiced speech is non-
periodic, random-like sounds, caused by air passing through a
narrow constriction of the vocal tract as when consonants are
spoken. Voiced speech, because of its periodic nature, can be
identified, and extracted. Zero Crossing Rate (ZCR) and Energy of
a speech (EoS) are important parameters for voiced/unvoiced
classification (Sawakare et al., 2015).
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e Zero-Crossings Rate (ZCR)

In the context of discrete-time signals, a zero crossing is said to
occur if successive samples have different algebraic signs. The rate
at which zero crossings occur is a simple measure of the frequency
content of a signal. Zero-crossing rate (ZCR) is a measure of
number of times in a given time interval/frame that the amplitude
of the speech signals passes through a value of zero, Figure2
shows the Definition of zero-crossings rate. Speech signals are
broadband signals and interpretation of average zero-crossing rate
is therefore much less precise. Rough estimates of spectral
properties can be obtained using a representation based on the
short time average ZCR (Dsprelated, 2015).

Ih"- ¥
" zero crossings

Figure2. Definition of zero-crossings

e Short Time Energy (STE)

The amplitude of unvoiced segments is noticeably lower than that
of the voiced segments. The short-time energy of speech signals
reflects the amplitude variation. In a typical speech signal it can be
seen that its certain properties considerably changes with time. For
example, one can observe a significant variation in the peak
amplitude of the signal and a considerable variation of
fundamental frequency within voiced regions in a speech signal
like that in Figure3 (Memmedova, 2017).
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Figure3. Short time energy of a speech signal sample

I11. Intelligent Control (IC)

In developing a traditional control system, the designer needs to
construct a mathematical model which contains all the dynamics of
the plant, which means a lot of processing time is needed, while in
developing an Intelligent Control (IC) System (ICS) to control an
agent or a plant, the designer inputs the system behaviour and the
ICS abstractly models the system; the designer doesn’t need to
know the internal dynamics of the plant (Memmedova , 2017). The
IC technique utilized in this paper is Fuzzy Logic Control (FLC)
which is discussed in the following section.

e Fuzzy Logic Control (FLC)

When dealing with most system problems, there are no black and
white values people uses, but shades of grey. For example, if asked
about temperature today, people would respond with "hot” or
"very hot" as opposed to "30.36 degree"” or "46.12", and that can
be represented as fuzzy sets as shown in Figure4 (Memmedova,
2017).
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Figure4.Temperature FLC fuzzy sets

temperature ——=—

The general approach to FLC is made up of 6 steps.(Figure 5):

1. Define the input and output variables.
2. Define the subsets’ intervals.
3. Choose the membership functions (fuzzification).
4. Set the If-Then rules.
5. Perform calculations and adjust rules.
6. Get output through defuzzification(Computer Vision, 2004).
KNOWLEDGE BASE
DATA BASE RULE BASE
| |
SET Ij rl
POINT
INFERENCE
FUZZIFIER } KERNEL | DEFUZZIFIER
CONTROLLED
VARIABLE CONTROLLED
SYSTEM -~
Figure 5. FLC Inference system (FIS)
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IVV.Using FLC to Improve Speech Recognition
Code for Voice Recording

The first step in designing FLC system for improving speech
recording was to do some number recording (one to ten), and use
conventional techniques to recognize them, which fails to
recognize some numbers because of their close characteristics
similarities. The second step was to utilize FLC to improve
recognizing all the numbers fed to the system. In coding the
recognition program, Matlab was utilized (Mathworks, 2018).

A. Computing STE And ZCR

Fifty values of STE and ZCR values were extracted from 50 voice
recordings that were done in designing the system, few of them are
shown in Tablel. The highlighted values are outliers neglected by
the system.

Table 1.Some of the 50 values of ZCR and STE of numbers one
through ten

Number Zero Crossing Short Time Energy
)l 2931 2.2719
) 92 3031 3.2616
2143 3015 2.8053
b 2951 3.2624
aal 5 3191 2.8034
Gl 1 2531 2.6177
OHEI2 2675 2.6011
13 2650 2.2476
oLilq 2863 2.7544
oI5 2577 3.1714
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In order to recognize voices that have close values for ZCR and
STE, i.e. similarities, fuzzy logic showed its effectiveness in
deciding which values actually belong to what voice. Some
samples of fuzzy sets for the inputs (ZCR and STE),the outputs
(Numbers), the rules, and the defuzzified final results are discussed
in the following section.

B. Input and Output Fuzzy Sets, Rules and Final Results
Using two inputs (ZCR and STE) as features of the number
entered, the system gives its classification of the out put, which is
the number. These final results showed the system ability to
distinguish between similar numbers and gives the right number.
The following figures (Figure 6 through Figure 11 show the input
fuzzy sets (ZCR and STE), the output fuzzy sets (number), fuzzy
rules and two sample runs of the fuzzy system.

Figure 6 shows the fuzzified first input (ZCR):

FIS Variables Membership function plots  PIot points: 181

' ' 48 (235 (89  (M0)
|

ZC number

XX

SIE

2000 2200 2400 2600 2800 3000
input variable "ZC"

Figure 6.Fuzzified first input (ZCR)
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Figure 7 shows the fuzzified second input (STE):

FE Variables Membership function plots  Plot points: 181

(810) (59) (367) (124)

oo -

@ number
nc L d

STE -

=

1= ] ] 1= ] ] ] ] 1

14 16 18 2 22 24 26 28 3 32 34
input variable "STE"
Figure7.Fuzzified second input (STE)
Figure 8 shows the fuzzified output (number):
FIS Variables Membership function plote  Plot points: 181
‘U'IS I 5 I I W I I L I UIL
XX r'T’T“ ik i
PATA)
ZC number
STE u.
0 I T 1 1 1 1 1 1
1 2 3 : 5 i 7 8 9 10
output variable “number”
Figure8. The Output of Fuzzifying
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Figure 9 shows the rules as listed in the Matlab FIS rules view:

File Edit  View Options

1. If (ZC iz (48)) and (STE is (310)) then (number iz VL) (1)
2. If (ZC is (48)) and (STE is (124)) then (number is 5) (1)
3. If (ZC is (235)) and (STE is (58)) then (number is M) (1)
4. If (ZC is (235)) and (STE is (357)) then (number is S} (1)
5. If (ZC is (235)) and (STE is (124)) then (number is WS) (1)
5. If (ZC iz (169)) and (STE iz (124)) then (number iz WS) (1)
7. If (ZC is (169)) and (STE is (367)) then (number is M) (1)
8. If (ZC is (169)) and (STE is (58)) then (number is VL) (1)
9. If (ZC is (T10)) and (STE is (810)) then (number is WL} (1}
10. If (ZC is (710)) and (STE is (367)) then (number is L} {1}
If and Then
number is
=3
(235) (58) 5
(169) (367) M =
(710} (124) L 3
none none
E¥a o none
I:l not D not I:l not

— Connection Weight:
() or
'@ and 1 Delste ruls Add rule | Change rule | == o

Figure 9.The rules of the fuzzy inference system

Figure 10 shows a sample run of the system for inputs (3163 ,
2.78), for which the output is 5 and Figure 11 shows another
sample run of the system for inputs (3037,2.15), which is 7.

ZC =3.16e+03 STE =287 =T

I

I\l
PUEOULL
H

|

LUHHAEL

2000 3700 1.3

Figurel10. The final output for theinputs (3162,2.87), which is 5.
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Figure 11. The final output for the inputs (3037,2.15), which is 7.

V. Conclusions

The research and practical work on the speech recognition problem
showed that intelligent control, namely fuzzy logic control, could
be used to improve speech recognition. It has been found that
intelligent control is very efficient and reliable and it is easy to
simulate and its processing is faster than its conventional
counterparts control techniques. Although only ten numbers were
used to validate and test the system, it could be easily modified to
accommodate more numbers recognition. This work could be
much improved if more than one intelligent control is utilized
because designing fuzzy sets proved to be in need for some
intelligent control itself like genetic algorithm which could find the
optimal sets for the fuzzy system on hand. One more note is that
one must use very advanced recording techniques to make it easy
for the system to differentiate between numbers that is hard to
recognize their differences.
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Appendix
Recording Sample Voices
% Voice Record --- This program records the voice ---

myRecODbj = audiorecorder(50000, 16, 2);
disp('Start speaking.");
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recordblocking(myRecObj, 2);
disp('End of Recording.");

y = getaudiodata(myRecObj);

audiowrite('nji.wav',y,50000);

Computing number zero crossing rate (ZCR) of the signal
% [n] = zc(x) calculates the number of zero crossings in x
[x,Fs] = wavread('j12.wav')% ZC number of zero crossings in x
s=sign(x);t=filter([1 1],1,s);n = length(find(t==0))

Computing short time energy of the signal
[speechSignalFs]=wavread('j13.waVv");
period=50;
%Energy is calculated every period samples
winLens=[161 321 501 601];
nWindows=length(winLens);
k=0;n=0;
foriwinLen=winLens

k=k+1;
wHamm=hamming(iWinLen);
ienergyST=STenergy(speechSignal,wHamm,iWinLen,period);
%Short-Time energy calculation
n=n+ max(ienergyST);t=(0:length(speechSignal)-1)/Fs;
subplot(nWindows,1,k);

if (k==1)
title('Short-Time energy for various Hamming windows
lengths’);
end
if (k==4)
xlabel("Time/sec');
end
end
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Natural gas and hydrogen were studied due to their ability to
produce low exhaust emission compared to the conventional fuel.
Computer model characteristics analysis of a spark-ignited engine
fueled with natural gas were investigated [1].

In this paper an extension of the model and a performance data are
presented for the engine by the previous paper [1], is applied using
FORTRAN language, combustion characteristics of a direct-
injection spark-ignited engine fueled with natural gas—hydrogen
blends under compression ratio 8, engine speed 2000 rpm and
excess air ratio 0.9 - 1.4 were investigated.

The results showed that the thermal efficiency increased with the
increase of hydrogen fraction at exceed 20%. The study suggested
that the optimum hydrogen volumetric fraction in natural gas—
hydrogen blends is around 20% to get the compromise in both
engine performance and emissions.

Keywords - Air-fuel model, thermodynamic models, spark
ignition engines, Natural gas, hydrogen.

I. INTRODUCTION
In Europe, gas engines are being used increasingly in stationary

applications, most notably in combine Heat and Power (CHP)
systems. In the size range considered here (less than 100 kW) the
engines are invariably adapted from automotive diesel engines; the
conversions are not usually made by the original manufacturer. In
consequence, the combustion system in these conversions have not
usually been optimized. None the less, the low cost of natural gas
(NG) means that, when there is a steady demand for heat and
electricity, CHP installations offer an attractive payback [2].

Natural gas is considered to be one of the favorable fuels for
engines, and the natural gas fueled engine has been realized in both
the spark-ignited engine and the compression-ignited engine.
However, due to the slow burning velocity of natural gas and the
poor lean-burn capability, the natural gas spark-ignited engine has
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the disadvantage of large cycle-by-cycle variations and poor lean-
burn capability, and these will decrease the engine power output
and increase fuel consumption [3,4]. Due to these restrictions, a
natural gas engine is usually operated at the condition of
stoichiometric equivalence ratio with relatively low thermal
efficiency. Traditionally, to improve the lean-burn capability and
flame burning velocity of the natural gas engine under lean-burn
conditions, an increase in flow intensity in cylinder is introduced,
and this measure always increases the heat loss to the cylinder wall
and increases the combustion temperature as well as the nitrogen
oxide (NOx) emission [5]. One effective method to solve the
problem of slow burning velocity of natural gas is to mix the
natural gas with the fuel that possesses fast burning velocity.
Hydrogen is regarded as the best gaseous candidate for natural gas
due to its very fast burning velocity, and this combination is
expected to improve the lean-burn characteristics and decrease
engine emissions [6].

Blarigan and Keller investigated the port-injection engine fueled
with natural gas-hydrogen mixtures [7]. Wong and Karim studied
engine performance fueled by various hydrogen fractions in
natural gas-hydrogen blends [8]. And Bauer and Forest conducted
an experimental study on natural gas-hydrogen combustion in a
cooperative fuel research (CFR) engine [9]. Furthermore, studies
on lean combustion capability of natural gas-hydrogen combustion
and natural gas-hydrogen combustion with turbo-charging and/or
exhaust gas recirculation were also conducted [10,11], and these
studies showed that the exhaust hydrocarbon (HC), carbon
monoxide (CO), and carbon dioxide (CO) concentrations could be
decreased when exhaust concentrations from an engine operated
on natural gas-hydrogen blends were compared to those of natural
gas engine. However, NOx may increase for natural gas-hydrogen

317 Copyright © ISTJ A% ghaa aaal) (368a
;\mb ?3""“ @3.\1\ M




International i bl iy iy
Science and Technology Journal Volume 17 2 s eenr o Trekasng el

LaEillg aglell Ldgal) Alnal) April 2019 J: I S T.J }\(

combustion at rich mixture condition as the improvement of lean-
burning ability and increased flame propagation speed; NOx
concentration can be greatly decreased through lean combustion
and retarding of the ignition advance angle. The previous work
mainly concentrated on homogeneous mixtures where fuels are
introduced from the port, and few articles were found for direct-
injection engine using natural gas-hydrogen blends [12]. Shudo et
al. investigated the combustion and emissions of an engine with
port-injected hydrogen and in cylinder injection natural gas [13].
This type of engine needs two separate fueling systems, and this
makes the system complicated. This article will investigate the
performance and emissions of a direct-injection engine fueled with
various fractions of natural gas-hydrogen mixtures and expect to
clarify the behaviors of engine fueled with natural gas-hydrogen
mixtures.

Optimization of the engine design and operating variables requires
extensive engine tests. Therefore, engine modeling codes are
generally preferred for evaluating initial designs. Computer models
of engine processes are valuable tools for analysis and
optimization of engine performance and allow exploration of many
engine design alternatives in an inexpensive fashion. For any given
engine design and operating condition, in-cylinder pressure-time
trace can be predicted. Further, parameters such as spark timing,
and equivalence ratio can be optimized for the best performance.
Since the burned and unburned zone thermodynamic states can be
computed, the knock limits and exhaust emissions can be
estimated [14].

1. MATHEMATICAL FORMULATION OF THE MODEL
ZERO-DIMENSIONAL THERMODYNAMIC MODEL
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Zero-D models are the most commonly preferred analytical tools
for combustion analysis of internal combustion engines. Since
there is only one independent variable crank angle (CA) for Zero-
D models, the governing equations are ordinary differential
equations. It should be also noted that the independent variable,
CA, is the crank angle and defines the piston position relative to
top dead center (TDC) in a cycle.

Rassweiler and Withrow [15] observed that the pressure rise due to
combustion is proportional to the corresponding increments of the
burned-mass fraction of the fuel-air mixture. Their observation
showed that it was possible to determine the mass-burning rate of
the mixture from the measured cylinder pressure without
knowledge of the flame shape and propagation speed. If the mass-
burning rate is given, the equations of the same model can be
solved to calculate the thermodynamic state of the burned and
unburned zones of the cylinder and the model can be used for
parametric studies.

FORMULATION OF THE MODEL

Burning rate analysis began at bottom dead center (-180 degrees
CA) where the cylinder contains a mixture of air, fuel, and residual
gases. The mixture was then compressed until the initiation of
combustion at a specified CA degree. Until the start of
combustion, the model was a single zone and underwent no pre-
flame reactions. With the initiation of combustion, the second zone
(burned zone) was created. Figure 1 shows the burned and
unburned zones which were assumed to be separated by an
infinitesimally thin flame front. The burned zone consisted of the
equilibrium products of combustion and both zones were assumed
to be at the same pressure at any CA.
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Figure 1: Burned and unburned zones of combustion chamber[16].

During the compression period, the properties of the fuel, air, and
residual gas mixture were determined by a FORTRAN subroutine
FARG, which was written by Ferguson [16]. The temperature of
the unburned mixture was determined using the ideal gas law.

PV = mRT @

Where ( P is the pressure within the cylinder, V is the volume, m
is the mass of the fuel, air, residual gas mixture, R is the gas
constant of the mixture and T is the temperature of the mixture).
The second zone was created after the spark fires and initially was
assumed to contain 0.01% of the original mixture burned. The
volume of the two zones was equal to the total cylinder volume,
which was a function of the cylinder geometry and CA. The total
volume was conserved:
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Where the subscript “u” refers to unburned and “b” refers to
burned gas.
Total mass was assumed to be constant, since valve leakage and
blow-by were neglected. The total mass was conserved:

m=my, +my, 3

In each zone, assuming ideal gases and the same pressure, the
equation of state must be satisfied.
P =muRypTy/Vy = myR, T, /Vy 4

The energy equations were written for the two zones as follows:

dima) _ N 40, d% _dm, ©)
a6 L. dé de do ™
=1
d(mpuy) | - dQp; _PdVb _I_dmuh (6)
dae L df ag = do
1=

Where (u is the internal energy, h is the enthalpy, Q is the heat
transfer from the gas to surfaces and 0 is the crank angle). The heat
transfer surfaces were the piston, head, and cylinder walls. Heat
exchange across the flame front was ignored. The heat transfer
rates for both zones were determined using Annand’s heat transfer
correlation [17] as if each of the zones filled the entire cylinder.
Then, the heat transfer rates were multiplied by the fraction of the
cylinder volume that is occupied by the zone. This method of
volume-weighting was also used by Shapiro and Van Gerpen [18].
The equilibrium properties of the burned mixture were determined
using a version of the FORTRAN subroutine FRAG developed by
Olikara and Borman [19]. The equations of the model were
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integrated from the beginning of the second zone to exhaust valve
opening to determine the following variables:

Tu(G)J Tb(g); mu(g)i mb(e)i Vu(g)' Vb(g)

This model was extended with the NOyx production Zeldovich
model [15]. A program called ZINOX. As shown on Figure (2),
the model's allows single or multi runs to be performed. If a single-
cycle simulation is chosen, the model will proceed to integrate the
ordinary differential equations (ODES) starting from a crank angle
of -180° until 180° to obtain the variation of the cycle parameters
with crank-angle over the complete cycle. At the end of the cycle
the simulation also gives the values of four overall parameters
which are the indicated thermal efficiency (1), the indicated mean
effective pressure (IMEP), the work (W), NOx emission (NOy),
the error in the conservation of mass (Error 1), and error in the
conservation of energy (Error 2). The results are stored in a normal
text file. The multi-cycle option gives the variation of the eight
overall parameters (n, IMEP, W, NOx emission ... ,Error 1, and
Error 2), If this simulation is selected, the model does the cycle
integration for each value of the selected parameter all stores the
values of the parameters for the cycle in a second text file.

The input data to the ZINOX -1 engine model are given in Figure
(2) below:

Following the specification of the fuel and engine properties, the
model may be triggered to run the required simulation mode by
pressing the "enter" button. The results can then be plotted with
Grapher Golden software. Model for the engine with the
specifications shown on Figure (2) with natural gas as fuel. The
Figures shows the variation of the pressure, work, temperature, and
heat leakage with the crank angle.
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ov| C:\ADOCUME~ 1\XPMUser\Desktop\EFFECT~1\ZINOX-2.EXE

CURRENT SET OF INPUT DATA IS:
. COMPREESION RATIO, R
- BORE B (cm>
- STROKE. S (cm>
- HALF STROKE TO BORE RATIO. EPS
. ENGINE SPEED. RPFM <rev/min>
- HEAT TRANSFER COEFFICIENT.H (J/max2 K
- BLOWBY COEFFICIENT, C (18>
- BURNING ANGLE .THETAB <(deg>
. START OF IGNITION. THEIAS <deg>
- MEAN EQUIVALENCE RATIO. PHI
11i. RESIDUAL MASS FRACTION. F
- INITIAL PRESSURE. P1 (har>
- INITIAL TEMPERATURE. I1 (K> H
- WALL TEMPERATURE, TW (K> H
- COMPC1) GVPHA? = a5} 16.COMP{2> CH4 =
- COMP{3> H2 H 18 .COMP<4> C2H6 :
- COMP<5> GC3HE 28_.COMP<6> C4Hi@:
- COMP(7)> C8Hi8 22.COMP<8> CH3IOH:
. COMP(9> C2HS50H: . 24.COMP{18> CO =

ANY CORRECTION? IF HNO — ENIER @
IF YES — ENIER OPFTION NUMBER:
[EXIT TO DOS — ENTER 168

Figure 2: Engine specifications and operating conditions

EXPERIMENTAL SECTION

A single cylinder engine was modified into a natural gas direct-
injection engine. The specifications of the engine are listed in
Table 1. The injector used in the study is modified from a gasoline
direct-injection engine made by tHitachi Co. To increase the flow
rate for natural gas application, we removed the swirler near the tip
of the nozzle. The calibration of the pulse width with the injection
amount was made by the manufacturer as well as by the authors.
The flow rate of the injector under 9 MPa was 193 L/min. In
addition to installing the natural gas high-pressure injector, we also
installed a spark plug at the center of the combustion chamber as
the ignition source. Natural gas was injected into the cylinder at a
constant pressure of 8 MPa, the gas velocity from the injector
nozzle is kept at a constant value of sonic velocity because of the
condition of choke flow during the fuel injection, and thus the
amount of injected fuel will stay at a constant value determined by
the injection duration in this study [20].

323 Copyright © ISTJ A% ghaa aaal) (368a
3\.,.3333\3 33.\:.“ @3.\1\ M




International
Science and Technology Journal

Al aslall Alsal) Alnal

Volume 17 2
April 2019 J)

gty p i g

| vt ] iy il Ty vl

IST.Jd

X

Table 1: Experimental engine specifications [20]

Item Specification
Engine type 4 stroke (Ricardo)
Number of cylinders 1
Bore (mm) 100
Stroke (mm) 115
Length connecting rod (mm) 190
Compression ratio 8
Engine speed (rpm) 2000
Displacement (1) 0.903
Combustion chamber Bowl-in-shape
Ignition source Spark plug
Initial pressure (kPa) 99
Residual mass fraction 0.05

Hydrogen with 99.995% purity was used, and natural gas
constitutions are given in Table 2. Different fractions of natural
gas-hydrogen mixtures were prepared in advance in a fuel bomb
and were supplied to the fuel injector. Sonic flow of the injected
gases was presented because of the choke flow during injection. It
is estimated that an 18% volume fraction of hydrogen corresponds
to a 2% mass fraction of hydrogen in the mixture, and thus the
influence on the volumetric flow rate is limited. Therefore, the
volumetric flow rate of natural gas-hydrogen mixtures in this study
is assumed to be unchangeable and can be regarded as a function
of injection duration.

The simulation study done of experimental natural gas—hydrogen
fuel blends with hydrogen volumetric fractions of four fuel blends
were prepared: the pure natural gas, the blend with 90% natural
gas and 10% hydrogen by volume, the blend with 80% natural gas
and 20% hydrogen, and the blend with 74% natural gas and 26%
hydrogen [21].

;\mbewuj.mw
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Table 2: Composition of natural gas [20]

Component Amount (vol %)
Methane CH,4 96.16
Ethane Cyhs 1.096
Propane Cshs 0.136
Butane (iso-) i- Cshigo 0.021
Butane (n-) n- Cshyo 0.021
Pentane (iso-) i- Cshiz 0.006
Pentane (n-) n- Cshi, 0.005
Carbon dioxide CO, 2.54
Nitrogen N 0.001
Water H,O 0.006
Hydrogen sulfide H,S 0.0002

IV. RESULTS AND DISCUSSIONS

The results obtained from the thermodynamic simulation model
are presented. cylinder pressure, Total combustion duration and
thermal efficiency for a single cylinder were simulated. four stroke
Sl engine running on natural gas.

Figures (3a, 3b, 3c and 3d) give the cylinder pressure of blends
with different hydrogen fractions and at four excess air ratios. In
the case of the rich mixture combustion (A = 0.9), the natural gas
combustion gives an early rising in cylinder pressure and a higher
value of peak pressure. With the increase of the hydrogen fraction
in natural gas-hydrogen blends, the rising point in the cylinder
pressure is retarded, and the crank angle at the peak pressure is
postponed, leading to the decrease of the peak cylinder pressure
with the increase of the hydrogen fraction in natural gas-hydrogen
blends. Although the flame propagation speed is increased with the
increase of the hydrogen fraction in the natural gas-hydrogen
blends, the retarding in the optimum ignition timing with the
increase of the hydrogen fraction still postpones the rising of the
cylinder pressure. In addition, the decrease in the heating value of

325 Copyright © ISTJ A% ghaa aaal) (368a
;\mb ?3""“ @3.\1\ M



International gty p i g
Science and Technology Journal Volume 17 3l Iersstns e s Tehasogy Jours

Lkillg aglall Adgal) Alaall April 2019 J: I S TJ}\Q

the blend with the increase of the hydrogen fraction decreases the
peak value of the cylinder pressure.

rank angle / CA

Figure 3a: Cylinder pressure versus the CA at LAMBDA 0.9 at 2000
rpm

In the case of the stoichiometric mixture combustion (A = 1.0) and
the lean mixture combustion (A = 1.2 and 1.4), the blend with the
10% hydrogen fraction gives the earliest cylinder pressure rising
and the highest value of the peak cylinder pressure. When further
increasing the hydrogen fraction in natural gas-hydrogen blends,
the rising point in the cylinder pressure is postponed, accompanied
by decreasing the peak cylinder pressure and retarding the crank
angle of the peak cylinder pressure.
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Figure 3b: Cylinder pressure versus the CA at LAMBDA 1.0 at 2000
rpm
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Figure 3c: Cylinder pressure versus the CA at LAMBDA 1.2 at 2000
rpm
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Crank angle / CA

Figure 3d: Cylinder pressure vefsus the CA at LAMBDA 1.4 at 2000
rpm

The figures also show that the differences among the blends at
different hydrogen fractions become small when increasing the
excess air ratio and/or using a leaner mixture combustion. The
study reveals that, at the same excess air ratio and optimum
ignition timing setting, the influence from hydrogen addition into
natural gas can be reflected at the stoichiometric mixture
combustion and the lean mixture combustion.

Two factors are considered to influence the cylinder pressure: one
is the increase in flame propagation speed or combustion speed
with the increase of the hydrogen fraction in the blends, and this
will cause a rapid rising in the cylinder pressure and bring a higher
value of the peak cylinder pressure; another is the decrease in the
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heating value of the fuel blends with the increase of the hydrogen
fraction in natural gas-hydrogen blends, and this will decrease the
volumetric heat release rate and the cylinder pressure rising,
leading to the lower value of the peak cylinder pressure. When the
hydrogen fraction is less than 10%, the effect from the increase in
the flame propagation speed is larger than that from the decrease in
the heat value of the blends, and this leads to an increase of the
cylinder pressure with the increase of the hydrogen fraction.

Figure 4 gives the total combustion duration versus hydrogen
fraction. For a given excess air ratio, the rapid combustion duration
shows a slight increase with the increase of the hydrogen fraction
when the hydrogen fraction is less than 20%, and the rapid
combustion duration decreases with the increase of the hydrogen
fraction when the hydrogen fraction is larger than 20%. Two
factors are considered to bring this phenomenon: one is the
addition of hydrogen, which improves the burning speed of
mixture; another is the lowering in the volumetric heating value of
the mixture by hydrogen addition at the same excess air ratio, and
this may reduce the burning velocity of the mixture. This is
consistent with the results obtained in a constant volume vessel
study where the burning velocity gave a slight increase with the
increase of the hydrogen fraction at a hydrogen fraction less than
20%, while a rapid increase in the burning velocity was presented
when the hydrogen fraction was over 20%.15 The total combustion
duration decreases slightly with the increase of the hydrogen
fraction at hydrogen fractions less than 20%, while a rapid
decreasing is presented at hydrogen fractions over 20%.
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Figure 4: total duration combustion versus hydrogen volume fraction at
2000 rpm

Figure 5 gives the thermal efficiency of the fuel blends versus
hydrogen fraction. The natural gas—hydrogen blends maintained
high thermal efficiency at high air-fuel ratio (A) slightly increases
with the increase of hydrogen fraction. Two factors due to
hydrogen addition influence the variation of thermal efficiency; on
one hand, the increase of combustion velocity by hydrogen
addition shortens the combustion duration and increases the
thermal efficiency, and on the other hand, the heat loss to the
chamber wall will be increased by air-fuel ratio (A) due to the
decreased quench distance and increased combustion temperature,
and this will decrease the thermal efficiency. The burning velocity
at rich mixture gives high value, and the effectiveness of
enhancement on burning velocity by hydrogen addition is
relatively low.
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Figure 5: Thermal efficiency versus hydrogen volume fraction at 2000
rpm

The increasing in heat loss to the combustion wall increases with
the increase of hydrogen fraction. The combined influence makes
little variation of the thermal efficiency with hydrogen fractions. In
contrast to this, the enhancement of burning velocity at lean
mixture by hydrogen addition gives remarkable increase
comparing with that of natural gas, resulting in the decrease of
combustion duration with the increase of hydrogen addition and
increasing in thermal efficiency. The study suggests that the
improvement of burning velocity by hydrogen addition is more
obvious at lean mixture combustion than that at rich mixture
combustion, and this is consistent to the behavior obtained by
authors in the combustion vessel study [5].
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V. CONCLUSIONS:

In this study, a mathematical simulation model is developed in
FORTRAN programming language in order to investigate the
cycle analysis of a single cylinder four stroke engine working
according to naturally aspirated Otto cycle. When the program is
run, the following results were observed:

The results achieved was a little bit differ from those of Huang et
al [21] because he used special measurement instruments which
are very accurate and specific for his experimental research natural
gas direct-injection engine made by the manufacturer (Hitachi
Co.). But the constants we considered in my computer model
(thermodynamic data for elements and combustion products) may
have some effect on the end results.

The thermal efficiency rises as the percentage of hydrogen in the
mixture increases. Therefore, as the hydrogen fraction is increased,
the maximum peak pressure is found to be close to the TDC. With
the addition of hydrogen to NG.

The percentage of hydrogen in the mixture increases the burning
velocity of NG and decreases with the optimal ignition timing to
obtain the maximum peak pressure of the engine running with a
blend of hydrogen and NG. The indicated efficiency rises as the
percentage of hydrogen in the mixture increases. Therefore, as the
hydrogen fraction is increased, the maximum peak pressure is
found to be close to the TDC up to 20 percent hydrogen.

Thermal efficiency increased with the increase of hydrogen
fraction at lowfuel air ratio lean.

From comprehensive evaluation of engine performance and
emissions, the study suggests that 20% of hydrogen fraction in
natural gas can get the optimum results.
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NOMENCLATURE:

A Area

Co Specific heat at constant pressure

Cv Specific heat at constant volume

CFR Cooperative fuel research

E Total energy
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CHP Combine heat and power.

m Mass of the fuel

N Engine speed

NG Natural gas

p Cylinder fluid pressure

Pmax Maximum cylinder gas pressure

q Heat flux rate

T Temperature

Th Temperature of burned particles

Tmax Max maximum mean gas temperature

Ty Temperature of un-burned particles

\/ Volume of Combustion Chamber

% Specific volume

U Internal energy

u Specific internal energy

Uy Specific internal energy of un-burned particles
Ub Specific internal energy of burned particles
w Work done

Xb Mass fraction

A Relative air:fuel ratio

ATDC After top dead center

BTDC Before top dead center

CO Carbon Monoxide

CO2 Carbon dioxide.

R Compression ratio

°CA Degree crank angle

IC Internal combustion

NOx Nitric oxide, nitrous oxide and nitrogen dioxide
Sl Spark Ignition

rpm Revolutions per minute.

HC unburned hydrocarbon
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