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Abstract:

This research includes a study of the effect the adding refractory brick to the
concrete mixtures as a partial replacement for fine aggregate at rates of 10%, 20%,
and 40% of fine aggregate weight. Then to compared with measurement concrete
mixture.

Perform workability test was studied for all concrete mixtures (slumping test).
The change in density test was also carried out on the samples at 28 days for all
mixtures. The results showed when the ratio increase of the refractory brick
increase workability of the concrete, and decrease the relative density. A fire
resistance test was conducted on the samples after 28 days, with a total of 12
cubes. The clear results that the addition of refractory bricks reduces the fire
resistance of concrete. A thermal expansion test was conducted for the samples at
a temperature of 500, 700 and 900°C, and it was found from the test results that the
addition of refractory bricks to concrete increase to the coefficient of thermal
expansion. Finally, the test of compressive strength was conducted on the samples
at 7, 14 and 28 days, where the total number of samples was 48 samples, and 8
samples were in the form of beams, on which a bending test was carried out after
28 days during the treatment period. From the results that the addition of refractory
bricks reduces the fire resistance of concrete reduced the compressive strength of
concrete mixtures
Key Words: refractory brick raw, coarse aggregate, Fine aggregate.
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Abstract

Sandy soil, which has structural problems such as collapses, and its worst
behavior is mechanical, since it is characterized by the small size of its grains, the
regularity of its gradation, its cohesionless, and some other problems of erosion
and weathering by various natural factors such as wind and water. And due to the
fact that sandy soils of various types cover large areas in the Jafara Plain, Zuwara,
and coastal Tripoli, where various projects are being implemented in these areas,
which are distinguished by their geographical locations and wide areas.

In this research, soil stabilization will be addressed using quarry dust, as rock
or quarry dust is considered a residual of the aggregate manufacturing products.
Rock dust was added and mixed to that sandy soil in the following proportions (1,
3, 5, 10, 15)% It improves the property of cohesion between soil particles, making
it more stable and able to resist erosion and weathering factors. The laboratory
results indicated the possibility of improving the geotechnical properties of the
sandy soil, where it was found that the ability of the sandy soil to compaction
improves by adding rock dust in specific proportions to it, and as such, the dry
density increases with the increase in the percentage of the added substance.

Keywords: sandy soil (A-3), quarry dust, engineering properties, dry density,
California Bearing Ratio.
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lldyg daslae JSU alsall Ay Sladl )Xy aaa (8 JaiT (Al Adlial) Ly Jagald) 4 530) il
JAlid) (e desene aladind 23 288 lagy alally LAl daig)) lpallad s lgaia oKa
WS oo Lolass il 5 Jaliad) sans sl Lo el jpaV) & SV glat s cass Ay
1200 Jaiall e ylall dee il Sl pal) peas umy o lesll puinsy Jaliall oda Jaud 353 Jaally
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il Qa3 dendid) Jalia) A sane o 4 Jsoa
200 | 100 60 40 20 10 il 3

0.075 | 0.15 0.25 0.425 0.85 2 iaaldlly Jaad) daus s

G (Aalud) Golall Cajf) o) Ailaie b A L) Al Lle miln ey 5 JSAN
o A2l bl L sl il ety Load ol Lo sty clenlll amall gyl et L)
s A e 2l o Laidl V) sac ) A5 Gl i sl
pan bl e lplun 5 Cum oSl b 45 Jid atdl 8 (Cy) Gulill Jala 4 .1
el Pl LSS Lpalsig Al A3le Cinass die AslslS 3 3 Dyg 5l Digoe sl
O ) e Jaledll 138 4 oy 3 sadll LAyl ((Average pore Size) ebuall anal) Lo iy
& ey Al ARy bl dpbin JBL L Sy 5,880 45l Al ) 0500
AU bl (e 4slos

25
Cho=—=—"77-=250=> C,<6 (SP: Poorly graded)

Al A Cwadin) 5 K&l A (Coefficient of curvature — C) ol Jalak 4ad .2

A sl e llyg 3yl Al Aigal sl sl it Ao

D3 0.16)2
c.—- D% _ (0.16)

- - = 1.02 1<C, <
D;yDg  (0.10)(0.25) = <3

ol Ay Al s amy b)) Adaidd 4oyl A o) ) oesl) Jalah (s2e il G
«&ly Ay 5l 3 il Dapnl plaa¥) Jady ayisiy
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i H Testno: 1
Graln Slze curve Date of sampling: 25-11-2019
Type of sampling: Natural soil

Bearbeiter: Eng. Osama Datum: 28-11-2019 Method: ASTM D-2487

Fines Sieving grain

silty grain sandy grain Gravelly grain
Finest Stones
100 Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse

L

90 A
d

. /

Mass of grains < d in % of total mass

Grain diameter d in mm

0.001 0.002 0.006  0.01 0.02 0.06 0.1 0.2 0.6 1 2 6 10 20 60 100

Ol y Ayl dalaiey Aoyl Ayl Al sl il il 15 U<
G Al i legi Y15 Aaa¥) aaY Toda clla8)) dilaidd Lpegdall 4op Caiial & cadle
Oos Ayl b Al Bl dgan e SBI Auhyall o3a A Leadiul Al 5 Jsaall Lgte il Caye)

Ao HEAD £ LEDU 25 Aadla
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Pl dalaiad agbe )l Al Cagas ollany Cagill 5 Jpan

Classification System Abbreviation

1 American Association of State Highway and AASHTO
Transportation Officials

2 Unified Soil Classification System USCS

S G 756 sl dbay dpeeail clhlally Ll dilaial 4ol Dyl Al s
cCiiail) el o A3 A8 (3315 el

) At 8 Gl gl Al sl Sl Jadl il : 6 Jpos

‘z,’_a\).d\ Cresall 4t alll de ganall o) ol
Agalll anre edall (0 Bl ae Jay A-3 AASHTO

(Razanail)l Ul Lgsaca (he) Ciligall wpead Jaiall Julail) cuhlia) @il 0 7 oo

Lialgal) 15 10 5 3 1 0 (%) Sbad) dps

ASTM

D2487 SM SM SM SM | SM SP USCS | —%=

AASHTO | A3 | A3 | A3 | A3 | A3 | A3 [AASHTO|

(Al e sl ¢ sl 124
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Pt ilS Aagaia Aaghy LoV 13 Sty leeld) & ) clshall aal

ale 4.75 5 40 a8 aslidl) Jpadl DA e il Aalad) L5l e die IS Slela 10 095 221 -1
clgall el ayysil)

glol 4D oty Vs el Caall Ciliad jhis sle 8 382 10 o) L5l due min —2
sl o il Alanall dail) any 8 Jsaadl LS8 10 o)l yisesiSall (s5ind (e 6 lsgdl iy =3
& ol e cle Laty) Jlase 8 Lonmpall Lpuldl) 2l a3 3l 5,085 Dol cilinl (Gg ) el
=il sl wasdl (Large pyknometer method) sl aas (e i i€ aladin)

Ayl il 3 Fmplal) Gy (pa oyl el (39l L] el 18 Jpoa

2 1 Al A8

B-2 A-1 (Pycnometer) ()5l o,

43.2 42.19 (grams) ahalls (M) Cagaill aey 5,580 45 die ()55
367.3 367.3 (grams) ahall (Mpy) <l de sles G5l 3
394.58 393.95 (grams) sl (Mpws) il + oLl + Gyeall 035
2.714 2.715 G, = ool — e

Pwater Ms Tt (mpw - mpws)
2.714 (Gs) ol psll Aplaay) ol o sia
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(Raaseall LAl Leiaa (5e) Slisnl) gand ol (55l LR 5 9 Jpon

daalgall 15 10 5 3 1 0 (%) bl A

ASTM D

osn | 2707 | 2689 | 2.712| 2.649 | 2.639 | 2.714 | S.G (unitless)

Slaal) :\,\mli 3-4

Jams 4 Com A5 Ly 5l il ) (pnd Tl Sl (5 iy sl s
358 ol 535 ) (% Lae LS 305 Uy Lt olsell cule bl Julisy 20 A8ESY 305 e
345 Al 5 esll 81 o) am 10 53055 ubaanll Uiy (il 5 (yay bl iy (il
o ADS 6 IS loans LR 138 il el Sy SLEAL Cijed Ly ellyy Ayl dilaia)
Wopts pg 448l 48L<ly Sl (gsinall (ppaaail)

:Qi TEN

pa =Maximum dry densi 4ls 28t il

OMC=0Optimum moisture content sk ssias Juail
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dry density, gm/cc
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moisture content %
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2 24 26

I8 A pal) g Bl AL AHESIy oyl ) (sl (o AR il : 6 JS

Qshy (ssina Jumdl dic ddla 43S ad] dagdl Al 2agil) 17 Jgaa

Jdalgall 15 10 5 3 1 0 (%) D) Lo
MDD
1.843 | 1.866 | 1.897 | 1. 1. 1.904
ASTM 89 90 89 90 (ton/m?)
D
1557 6.4 9.2 9.6 8.8 8.6 10.6 OMC (%)
43 Copyright © GJT Lsll g e Asal 4l sine bl (558a




Ol Al g aghall Madl sgaal) [ 480 oy & Ao
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- 52l 5 «goulil) aal)

(MDD) 43S adl o §jlaadl §sama quud il 4-4

3 1) saladll jle (e Adbite oy Aallaally apdall dojll Glie e claall jladl cla) &

JaY g (M.D.D) dils 48 sy (O.M.C) JiaY) L) sgimall aail (%155 10 <5
siaalls (Dry density) Zlall GBSl ou 2 slagy @llyy (ASTM D 1557) Jaxdl claal
Cun (A ) dmandl Joyll dies (QD) _alaall sy dallaadl Gl paead (W.C) Sl
Hland) Gy 13aS 33l) e (MDD) Ails 28US ol sginall & palids) (7) S e el
iy 3 (R?=0.89) Lblsy) delaays (linear regression) ashall adlall _a =~uals IS5 jedas
OsS sdlls Jally (Limestone) (gl Gl jaall Gsaie (m Chang 53 Shasl) Jelity ol

Ll vie oLl (e ddlide G a9ag 8 (Si04) Sl (4e

1.91
Relationship between quarry dust and max. dry density
1.90
-«
e
S 1.89 1
s v
] 1ss
=
=
2 1.87
w
f =
(<}
L 1.86 4
= ® Col1lvsCol2
=]
: 1.85 4 I
3 MDD=1.91-0.0039QD
= R?=0.89 e
1.84 o Eng. Osama El-hisnawy 10/10/20
1.83 v v v v v v v T
o 2 4 6 8 10 12 14 16
Quarry dust percentage (QD), %

.(M.D.D)iils kS il e (QD) Laladll jle caws il :7 <
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(OMC) Lid¥) Alall gginall Ao §ilaal) (§sams cuud il 5-4

el Jayll SN s (e %155 10 <5 63 ol iy Jamall ol laal miln DA (e
Slanll (33nmse i€ 535 e i) S gl (ssinall b (alis) 8 S e sy Gy
(linear relationship) s idle J& 4 alayy (OMC) Jidl Sl sgad) of ag

.(R?=0.57) (regression coefficient) Jsie byl Jabeass

11
Belationship between quarry dust and optimum moisture
N 10
9
3
~ 9 4
o
=
@
o]
> 4]
S
=)
E ® Col.1(QD)vs Col.2 (MOC)
Q — (x) column vs (y) column
o 74
OMC=9.9-0.18QD
R=057 R
Eng. Osama El-hisnawy 10/10/20
6 T T T T T T T T
0 2 4 6 8 10 12 14 16
Quarry dust percentage (QD), %

(OM.C) Y A gsinad) e (QD) alaall [l o Hil: 8 U<
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L sl Jaad dpd LAY 6-4

i3S Bale 35 (California bearing ratio — CBR) LijsdlS Jaad daws jlod) x5l

Cua e (Sub-Base) seludll ululls (Base) b)) st dadlal (Index test) (g)las)
(Stiffness Modulus) adlall Jeles Jsa 305V il sleall

Ol e Lol 3 Al L)edllIS Jaa Ay (8 ARG 400 Gljdte o oy 8 Jsoal)

L) (51 sy (il Bl At 8 b l) Ayl Ay (3l Ay (g LERY )y ol

dadlas ()33 Ayl dikaise A3 (CBR) LiysillS Josi ds af 1 8 Jsaa

SWCEURE S Slasyl & a8 A Ganl
L5l Jand s "
L"‘l’sfns I:Penetration [kN] d)";:d\
(CBR)sottom [%0]
(CBR)Bottom [%] LﬁJL‘-‘*\;ﬂ Jail) g_;"'”l‘:.‘d\ Jall Yn [mm]
62.40 5.01 13.24 2.5
67.02
71.65 8.60 19.96 5.0
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[ California Bearing Ratio (CBR) Standard Curve 1
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L sills Jand A o Bilaal) (§oame i il 7-4

Aadlea) Akl Al Cilisn) (S0AKED-CBRY) 8ypaball LiysillS Jan st ilis ey 11 J)
LipsadlS Jead A (B30 ) @l s Cua %155 10 <5 63«1 caniyg Blaal) S
i Rl 8 il ol 138 5 Glall dall (3 (e %5 dand ia el sanse uns 333
(15%) xic ad 8l ) Joss

120
Relationship between quarry dust and CBR
® Col.1 (QD) vs Col.2 (CBR)
(x) column 1 vs (y) column 2
CBR=69.0+4.6-0.43QD?
100 ~ R?=0.65
[ ) Eng. Osama El-hisnawy 10/10/20
=S
= °
o
m 80 A
(=3
® o
60
°
40 T T T T T T T T
o] 2 4 6 8 10 12 14 16
Quarry dust percentage (QD), %

(Soaked-CBR) dws e (QD) alaall jle caw iz 11 U<
Soaked-) (C.B.R) af & daualsll ol W ety 11 JSal 8 A sall 48Mall (DA (g
LUyl delaass (Non-linear relationship) ha e ade 4 (CBR
Lndigh asl) aal e (CBR) dalas oS! ki .(R2=0.65) xua (Regression coefficient)
Cua)ll Glih aeai & deadiuadl Geotechnical parameters design Al 4 salls
ool Ak 3sa aan ) AiLaly (backfilling material) aa)l 8 dessioall dgall s5a adiiy
Al e e 5% daw el (Sa A (Sub-base) aeludl ulaY)s (Base course)

il cligdall 3 alaanud JiY) Al o (Quarry dust)
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- Alaal) L Ll A dikis 40 (Soaked-CBR) Lijsidls Jaad o a1 9 Jgoa

Dbl A

Jaial gl 15 10 5 3 1 0
(%)
CBR

AASHTO T-193 | 47.36 | 56.75 | 94.67 | 85.36 | 66.05 | 67.0
avg. (%)

cluagilly clabiiiay) -5

Al Jalaall Joasil) Sy Lele Juaniall Alaxall gl P& (0

Poorly graded z sl causca (%92.0) loy 45 oo 5l Auhall adse 3 45l Canea
Non- plasticity 43,3 deae 435 a5 (%3.1) Guall (e s AL Lo s

SP: ] USCS [A-3] AASHTO Jis lesas SV Lalaidll ligla Audpal) g 3 45l o,
.[SAND Poorly graded, non-plastic

Aahll dse 3 Ayl dila A0S il o e Sl Aul dilaie b Lol Ayl eles s
%10.6 Jiua) il ssine xe 1.9 ton/m® L (oullahyd) dilai)

dils A sl o Jde xSl alad) Glan cadd)l il e all Gl dla clad) .
Qs e P15 A vie maaly JS jeday aladdl Bsmase daw 304 ae =il (MDD)
cgpmall (sl A Cly LIS (OMC) Jie¥! Sl gsinal) (il Jiags cilad) Jo )l

a8k A i Al Heaaall ley dadledl) 3)serall Li)sfllS Jaad A LAl &30
Agall ( Jel@ 2smsl Aagi 530 038 iy shaall Gsmae 0 %S s s (CBR)
s 8 Y (Y ALYl L Sl claally elall (e o a5 dally DLl A

(Y1) Ay asaall saag

N
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iagll ol aladll Gsmus cauiy (Soaked-CBR) 5)seiall (C.B.R) ad (g 4Dl juin . g
L5 e Lo sty ooyl A5l Galall 360 e %5 daws die Al A5l cpeatl JiaY)
o2 e liali; (Base Course) Lajpe (ulul 5 (Base) Ll 4k dalla dalled)
i)
Lpphall plad) e dslad) b Jies daals 4y lalay) W jalaall clilie jm sale) . )
St Aaaay Al e alial) 3 anliy Lea Cughill aaa iy oS0
ds Adped Ll SlesH S5l a3 Gy (Collapsing soil) dleyl) ayll sl v .-
Al adalie 8 4l Aide dlaw aaiy clgd (liyylly ulag) ) ~SLeY)
clulall Zaslaa ad yaail @y direct shear box iludl (adl Geuia jlid) ¢l WL
ilws ow (Angle of Internal Friction — ¢) sl disiay) 4,4), (Cohesion - C)
sl Jraaill 35081 @) Chuagiy Aafigal) COladl o Wil o dsanl) (il Sl
A zsanally
bl
Alae Lo lia i pladinly Lnped) 8 48,80 dakidl 3 45 s talld aes) dilae [1]
122013 gl i jall ASlaall c2gh lal) daals —dially dinal) tin aud
sl dia ol hjlaall Goae Jlaxinly cydal)l Cugil 38 pund e e jew deal  [2]
22015 ¢ Ghall. sk ¢ LSl dmalall —cle LaY ),
astall Jall sgadl (bl Ailaly (A-3 ) Al Apusigh Golsall Gt 1G5 3sdse gxa [3]
ce 2019 bl =4yl ),
Sl Jdatll laal ) ASTM ((alsall 5 ey LU 4845031 dmaall ] [4]
19 e3all, bl jlaal 5 ysaall 5450, (ASTM D422-63  [5]
1981 [6]
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s

d)ya :\*\:\m :\.}Jl.u"l\ i ylaal) 2‘:‘“«)&‘ Apall jrw Jaand i
SAE A eyl g ot il e Ak
2020-2015

sl Ao pdal) s
b sl gl polaly S B — b amally Jypel o

huda.attwergy@uot.edu.ly

Abstract:

This study dealt with the effect of adjusting the exchange rate on the
profitability of Libyan commercial banks - an applied study on the National
Commercial Bank during the period 2015-2020,The descriptive analytical
approach was relied upon, and the statistical program (SPSS) was used to measure
and analyze the study variables represented by the exchange rate adjustment as an
independent variable and profitability as a dependent variable, as profitability was
measured through four indicators: the rate of return on equity, the rate of return on
assets, the rate of return on deposits, and the rate of return on available funds.

The results of the study showed the existence of a significant relationship
between the adjustment of the exchange rate and profitability indicators
represented by the return on property rights, assets, deposits and available
funds. With this in mind, the senior management of the National Commercial
Bank must work to diversify its investments to enhance its profits, and the sources
of obtaining hard currency must be diversified so that exchange rates are not
negatively affected and to preserve the monetary and economic system in the
country.

Keywords: exchange rate, profitability, commercial banks.
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Abstract:

This study aimed to identify the obstacles that limit the adoption of cloud
computing technology by Libyan commercial banks, as an alternative to the
traditional method of providing banking services. To achieve this goal, the study
relied on the descriptive analytical approach. The data was collected using a
questionnaire. It was distributed to a sample of 140 participants including
managers, departments’ heads and deputy heads and workers who work for the
National Commercial Bank, Jumhouria Bank and North Africa Bank in the city of
Gharyan. A total of 115 valid questionnaires were returned and analyzed using
statistical package software (SPSS). The study found that there are legislative,
technical, administrative, cultural and security obstacles that could limit the
adoption of cloud computing by the commercial banks. These obstacles are
relatively of similar importance and significant. Accordingly, the study
recommends to update the Libyan legislative and legal system, develop the human
resources of the banks, increase the awareness of cloud computing culture among
the banks’ customers, and also emphasize the importance of implementing the
necessary security and protection measures to safeguard the banks’ data and
information.

Key words: Cloud computing, Obstacles of cloud computing, Commercial Banks.
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Gsia e FlinS W dalees oficsanall gilie e led o) olés li ales

(Ofie sanall
Adaail) 285l bl Jalae (i (3) &) dsaa
Cronbach's Alpha Part 1 Value| 0.860
Flig S W Jalas N of Items 14
Part 2 Value| 0.832
N of Items 14
Total N of Items 28

(Cie sanall (pm (ysaym Ll Jalzs) Correlation Between Forms 0.887

Spearman-Brown Equal Length| 0.940

coefficient Unequal Length
0.940
Qslr QLo dalae
(o> @l Jalas ) Guttman Split-Half Coefficient 0.938
s 0.887 (yfie sanall (it (ismps Bl Jalaa ¢ (3) o8y Jsaadly s2)lsl) i) (po sy
A0l e ganall Flig S Wl Jaleay 3588 14 2221 0.860 (V) dcganall Flig S Wl Jalea dad
P ey e Bl dalae sl Gldia G Jalae aadios Jdlb 358 14 20a1 0.832
Lol 38 )ity 0.938 (gl dubaill A5l (jldia Gl Jalae dad () an Jgaadly 3306 clibd)

Ailas) giag laa dlle

idielaay Baa Chise Jid A i JUAY) af asea o) i) cOlbadl e Laadl
e JS (Blaw)) G B @l Bua o Jus L G Sa Al galed
gl sLaals Al Al e BlaY)s i) Jilasl gindlas

) B cpSlial) Gailed Ciay 1.4.3
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Abstract:

In surveying measurements (observations), determining the location of the
points of the traverse and the direction of its sides depends on measuring the
angles and directions repeatedly, and sometimes we find misclosure for the closed
traverse. The traditional method of finding misclosure and who has been corrected
is long, tedious and cumbersome, and errors can occur while performing
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calculations. In order to facilitate this process and avoid various arithmetic errors,
this research presents a program that corrects the misclosure resulting from
measuring the lengths of the sides of a closed traverse using the programming
language (Python). Then he explained the design of the program and described
clearly, taking into account the theory of rounding to reduce rounding errors.
Finally, the program was compiled and worked as an application that can be used
on computers.

Keywords: Traverse, Latitude, Departure, Python, survey, Programming, Bearing.
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:JAN) Ldld aansi 1.4

Lall Sy o ad Jaa) J5Y) aenll 8 a5 Cua (1) ) JSEN G JASY) LSS apenal &

Adalall 4ghl J’a) &b 5 ¢ Length alaall Joba JWaa) 4 24 S8 asead) 5 cLine name (pleall)
S clail Clea b e 5 cbearing al)ll dgaall 8 AB alall caliail JWa) 5 angle
Glua 2 Gaalad) aseall 5 dlatitude  Guelad) apead)l b GUILGED Glua 2 ey ¢ 30aY)

.departure <ld,all

120 Copyright © GJT Al o 2 sl A giae wolall 55



Ol Al g o glall Mal) agaal) [ Liill Gy & Alaa
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- 53l 53 ¢ amlil) 222}

I line name I length I angle I bearing I latitude I departure I cor

i) Jia) Asls (1) Jsa
Gldal 5 dascad cllledll Glea saeel W el cpad) ) Gadal) 23l clhat

(2) S pase b LS plinddl Ll ciliaa) 5 dasaadl)
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AB Bearing
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I line name I length I angle I bearing I latitude | departure I cal

AB Bearing Add Bearing

Add A North & East Reset the app

File Name s v Save

alilad) Ji (3) s
. Enter value 3 e bxually a5 JU) alaall wlily Jisy o

AB i e bacaly AB alaall Gibail Jlaol asi dbladl @bl Jis) JlSil oy o

sl g3l 8L Ciladl Cluay malind) 4548 Bearing

line name length angle I bearing I latitude | departure I col
AB 569.1 128.95
BC 818.93 138.05
W 899.67 110.38333
DE 1070.79 125.93333
EF 1173.9 85.93333
FA 637.14 130.75

line name line length

Enter values
32.35 :

Add A North & East Reset the app

File Name s v Save
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line name length angle bearing latitude departure col
AB 569.1 128.95 32.35 480.773 3e4.52
BC 818.93 138.085 350.4 8087.462 -136.572
o 899.67 110.38333 280.783 168.319 -883.734
DE 1878.79 125.93333 226.716 -734.15 ~-779.497
EF 1173.9 B85.93333 132.849 -795.323 863.425
FA 637.14 130.75 83.399 73.242 632.916

line name line length

AB Bearing Add Bearing

Add A North & East Reset the app

aldyill o aldladl) 5 g3l Bl el gl (5) Jsa
G5 Gl gsenn 5 Gliladl) £ sane Clumy zalindl asty dliaall Japs daus (p0 Sl 5 @

ISl mage 52 LS iia gsbidi of

latitude departure correct latitude correct departure I north I east
480.773 3e4.52 480.737 304.409
807.462 -136.572 887.411 -136.732
168.319 -883.784 168.263 -883.959
-734.15 -779.497 -73a.217 -779.706
-795.323 863.425 -795.396 863.196
73.242 632.916 73.202 632.792

line name line length

AB Bearing Add Bearing

Add A North & East Reset the app

Bl g allladd) ggana (i (6) JS&
(7) S b LS A i) ilgian) Jay 2 plind) Ll i) sl o
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latitude departure correct latitude | correct departure I narth I east
480.773 304.52 48e.737 304.409
807.462 -136.572 807.411 -136.732
168.319 -883.784 168.263 -883.959
-734.15 -779.497 -734.217 -779.706
-795.323 863.425 -795.396 863.196

73.242 632.916 73.202 632.792

line name line length

AB Bearing Add Bearing
5000 5600 E
Add A North & East Reset the app

File Name Save
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>0 ________________________________________________________worumd]

latitude departure correct latitude | correct departure narth east

480.773 304.52 480.737 304.409 5008 seee

807.462 -136.572 807.411 -136.732 5486.737 5304.409
168.319 -883.784 168.263 -883.959 6288.148 5167.677
-734.15 -779.497 -734.217 -779.786 6456.411 4283.718
-795.323 863.425 -795.396 863.196 5722.194 3504.012
73.242 632.916 73.202 £32.792 4926.798 4367.208

line name line length

AB Bearing Add Bearing

Add A North & East Reset the app

File Name

liaal) Jalis cililas

=
®
—
B

il g alibal) cuias 3.4
fohs Lt EOB apanaly liad bl 5 bl il
Ladl 28 5 aodieall LA Cous cald) aul 4US 4@ 3y 5 ( File name ) Gl aul e
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JRGIL mage ga LS Excel calal laynas 5 calibad) opias e haaally o ((Save ) cpyaill e

9)
Al \ fr ' Ling Name
A B C D E F G H \ J K
1 LineNameIIength ange  hearing latitude departure correct lat correctdenorth  east
2 B 5600 12895 3235 480773 30452 480737 304409 5000 5000

3 BC 818.93 13805 3504 807.462 -136.572 807.411 -136.732 5480.737 5304.400
4D 899.67 110.3833 280,783 168,319 -883.784 168,263 -883.959 6288.148 5167.677
5 DE 1070.79 1259333 226,716 -734.15 -779.497 -734.217 -719.706 6456.411 4283.718
6 EF 1173.9 8593333 132649 -795.323 863.425 -795.396 863.196 5722.194 3504.012
T FA 63714 13075 83399 73242 632916 73.202 632.792 4926.798 4367.208
8 0 0
9
10
Excel cilal clibal) puat (9) Jsi
die Jag Lils e Juasid Reset the app L) o baall agis Al alias by JASY @
{(3) JSAL dansal)
Cus (64 bit ) (s L 8 3auy claal dasd Al Jsanall sl 3362y Gadii Jee 5 @
A0S ey e S daady (S oaglall Slea ezl Jiasl o Il e Joaally
assinal aliaall dyglladll bl e Jpeanl 5 il Jay S 5 el
https://github.com/devmousa/Traverse-
Adjustment/releases/download/v1.0.0/Traverse.Adjustment.exe
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ABSTRACT

Porosity and permeability are related properties of any rock or loose
sediment. Both are related to the number, size, and connections of openings
in the rock. More specifically, porosity of a rock is a measure of its ability to
hold a fluid. Mathematically, it is the open space in a rock divided by the
total rock volume (solid and space). Permeability is a measure of the ease of
flow of a fluid through a porous solid. A rock may be extremely porous, but if
the pores are not connected, it will have no permeability. Likewise, a rock
may have a few continuous cracks which allow ease of fluid flow, but when
porosity is calculated, the rock doesn't seem very porous.
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Correlations between porosity, @ , and permeability, k, are often tested for
sedimentary rocks in relation to petroleum geology and reservoir
characterization. A general trend of increase in permeability with porosity can
be expected. However, the effects of grain size, packing, compaction, and
solution dissolution processes related to development, preservation or loss of
primary and secondary porosity can lead to a wide variety of relationships
between permeability and various forms of porosity

Keywords: porosity , Reservoir permeability

INTRODUCTION AND LITERATURE REVIEW

The main factor is the amount of space available between particles,
sediments, and rocks in the soil layers and spaces between particles in rocks
and rock layers. The amount of pore space in soil, sediments, and rock is
called porosity, which can also be defined as the percentage of a material’s
total volume that is taken up by pores. This “empty” space has a fantastic
ability to hold water that seeps down from the land surface. Material with
good porosity can be called “porous”. Mathematically, porosity can be
expressed as the ratio of the volume of pore space to the total volume of the
material as given by the following formula:

Volume of pore space

% porosity = ---- x 100
Total volume of sediment

Porosity depends on the size, shape, and mixture of grains and
particles that compose soil and rock. For instance, small particles such as
clays are able to compact more closely together, reducing the amount of
porosity. However, larger particles such as sand and gravel will have more
spaces available between them. Round particles compacted together will
have more spaces than elongated grains that stack more tightly. Particles of
uniform size (well sorted) will also have more pore space available than
grains of varying sizes (poorly sorted) because small particles can fill in the
spaces between the larger grains. Porosity can change between various
layers of soil and types of solid rock. [1]
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In addition to porosity (the amount of pore space), permeability is
another important factor needed for groundwater movement to occur.
Permeability is the measure of how easily water flows through soil or rocks,
S0 it depends on the size of the pore space and how well connected they are to
one another. It is often defined as pore interconnected and the unit of
measurement is usually distance (cm, m, or ft.) per time (second, minute,
day). Permeability can also be referred to as hydraulic conductivity. Like
porosity, permeability can also change between various soil layers and types
of solid rocks.

Permeability depends on several factors — grains size of particles and the

amount of cracks and fractures. If the sediments or rock particles are
composed of very small grains, such as in clays and silts, the space through
which water can flow is limited. In addition, clay particles have a lot of
surface area to which hygroscopic water attaches, creating a further
resistance to fluid movement. If sediments are comprised of coarser grains
like sand and gravel, pore space is more available. These coarser grains also
have less surface area, so less water can attach to them, allowing better fluid
movement. With grains of many sizes, the permeability will be at medium
rates. Fine sediments fill in spaces between larger particles, reducing poor
space and increasing surface areas to which water can adhere.
For rocks composed of poorly sorted material or fine grains, water movement
can be slow unless there are fractures and cracks in the rock. Along roadside
rock cuts, it is common to observe groundwater seeping from cracks or
forming icicles. Some rocks such as limestone and dolomite can form more
than just cracks; water can actually dissolve them causing openings within the
rocks to widen, possibly wide enough to become caves.

Sediments that have high porosity and permeability tend to form rocks
with the same characteristics; for instance, sands form sandstones and clays
form shales. [2]

Generally, the greater the porosity, the greater the permeability. Both of
these factors are important to consider when determining how much
groundwater is stored in our underground layers. If you needed to drill a
well to find groundwater to drink, you would hope to find a good
groundwater aquifer. It would probably be rock and sediment with high
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porosity so that it can hold large amounts of water, and high permeability, so
the water can be pumped and sucked through the layers easily.

Usually the larger the consolidated (well sorted) grain size, the better the
porosity and permeability (aquarium gravel). If the materials are poorly
sorted (lots of different sizes) then it reduces porosity and permeability
because smaller grains fall between larger grains, reducing space and flow
paths (gravel and sand; sand and clay mixture). Surprisingly, clay can have
high porosity too because clay has a greater surface area than sand,
therefore, more water can remain in the soil. However, clay has bad
permeability. The connectedness between clay particles is low and clay
tends to retain water (because of the greater surface area again), slowing
gravitational flow downward.

Porosity has been classified by Lucia (1995) as antiparticle and vuggy.
Antiparticle porosity includes intergraui and intercrystal porosities and
correlates reasonably well with permeability. Porosity identified as vuggy,
which may include separate vugs and fractures, does not correlate with
permeability . Porosity of porous media is defined as,

®=Vp/Vb

where Vp is the pore volume and Vb the bulk volume. Conceptually, if
Vp = total pore volume, the porosity is the total porosity. If Vp = effective
pore volume, the porosity is the effective porosity. Obviously, the effective
porosity will correlate better with permeability than the total porosity.
However, the difference between the total and effective porosities is
generally very small for sedimentary rocks and will be neglected. [3]

For a core sample of bulk volume Vb porosity is proportional to the pore
volume. Although all the pore bodies and their throats contribute to
porosity, pore bodies of their size) is more Important role than the pore
throats. [4]

]
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Permeability is defined by Darcy 's law

where q is the flow rate, u the fluid viscosity, L the length, A the cross
sectional area of the sample, and AP the pressure drop. [5]

Intuitively, it is clear that permeability will depend on porosity; the higher
the porosity the higher the permeability. [6] However, permeability also
depends upon the connectivity of the pore spaces, in order that a pathway
for fluid flow is possible. The connectivity of the pores depends upon many
factors including the size and shape of grains, the grain size distribution, and
other factors such as the operation of capillary forces that depend upon the
wetting properties of the rock. [7]

The permeability of the sandstone is extremely well controlled by the
porosity, whereas the carbonate has a more diffuse cloud indicating that
porosity has an influence, but there are other major factors controlling the
permeability. In the case of carbonates (and some volcanic rocks such as
pumice), there can exist high porosities that do not give rise to high
permeabilities because the connectivity of the vugs that make up the pore
spaces are poorly connected. [8,9]

Poroperm trends for different lithologies can be plotted together, and
form a map of poroperm relationships[10], as shown in Fig.1
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Fig. 1 : Poroperm relationships.

The permeability of rocks varies enormously, from 1 nanodarcy, nD
(11710-9 D) to 1 microdarcy, [1D (11110-6 D) for granites. [11] Shales and
clays that form cap-rocks or compartmentalize a reservoir, to several darcies
for extremely good reservoir rocks. In general a cut-off of 1 mD is applied to
reservoir rocks, below which the rock is not considered as a reservoir rock
unless unusual circumstances apply (e.g., it is a fractured reservoir). For
reservoir rocks permeabilities can be classified as in Table 1 below. [12]

Table .1: Reservoir permeability classification

Permeability , (md) Classification
<10 Fair
10 - 100 High
100 -1000 Very High
> 1000 Exceptional

Many correlations between permeability and porosity have been
reported, like Purcell (1949) , Thomeer (1983) ,Swanson (1981), Kamath

(1992).
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Database and Objectives of This Study

The Aswad field is located in the concession area NC74B, in the
extreme southwest of the Sirte Basin. A total of 100 data sets that
included measurements of k and ® were used in the present study. The main
objective of the present study was to test correlations between k, ©

In this study, the relationship between permeability and porosity has been
found, but not clear for all permeability readings. The samples were divided
into four groups, based on the classification of permeability, and compared to
the relationship in the case of being as one group.

Table 2 : experimental reading for porosity & Fair permeability

Sample Total porosity (%) Permeability (md)
Al 12 1.4
A2 12.5 1.6
A3 12.1 2.0
A4 15 2.6
A5 13 1.9
A6 14 2.0
A7 14.1 2.0
A8 13 2.5
A9 12.7 4.3

A10 20 6.1
All 11 0.8
Al12 35 7.3
Al3 12.6 1.5
Al4 30 6.8
Al5 32 5.7
Al6 50 9.5
Al7 41 7.2
Al8 44 7.6
Al19 36 7.5
A20 14 2.1
A21 19 1.8
A22 24 7.0
A23 38 8.1
A24 39 8.5
A25 10 1.2
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Fig .2 : Correlation between permeability and porosity for data set with K<

10 md

Table 3 : experimental reading for porosity & High permeability

Sample Total porosity (%) Permeability (md)
Bl 25 23
B2 10 40
B3 29 50
B4 33 22
B5 18 15
B6 12 34
B7 10 25
B8 27 85
B9 38 35

B10 19 78
B11 11 55
B12 37 47
B13 31 67
B14 28 35
B15 24 24
B16 41 15
B17 50 59
B18 9 75
B19 12 53
B20 17 75
B21 24 53
B22 18 68
B23 20 57
B24 22 24
B25 34 12

11
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Fig. 3: Correlation between permeability and porosity for data set with

10<K<100 md

Table 4 : experimental reading for porosity &Very High permeability

Sample Total porosity (%) Permeability (md)
C1l 29 243
C2 21 587
C3 14 456
C4 18 951
C5 37 753
C6 31 741
C7 25 852
C8 28 369
C9 17 953

C10 10 751
Cl1 15 684
C12 18 153
C13 39 846
Cl14 32 624
C15 50 574
C16 42 254
C17 17 652
C18 13 352
C19 15 658
C20 34 785
C21 38 442
C22 36 689
C23 10 623
C24 25 475
C25 28 252
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Fig .4 : Correlation between permeability and porosity for data set with

100<K<1000 md

Table 5: experimental reading for porosity &Exceptional permeability

Sample Total porosity (%) Permeability (md)
D1 50 3521
D2 25 2564
D3 27 9587
D4 33 7532
D5 34 1478
D6 26 1532
D7 18 9562
D8 37 3578
D9 42 9865

D10 49 7845
D11 37 3254
D12 31 7596
B13 24 4561
D14 26 1547
D15 17 9514
D16 18 1532
D17 10 6587
D18 28 7856
D19 35 4523
D20 29 3254
D21 24 6594
D22 11 4875
D23 22 2525
D24 28 6985
D25 39 7548
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Fig .5 : Correlation between permeability and porosity for data set with K

>1000 md
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Fig .6 : Correlation between permeability and porosity for all permeability
data

RESULTS AND DISCUSSION

Examination of a very large set of permeability, porosity data showed
weak correlations exist Especially for some permeability readings.

e The correlation between permeability and porosity when K< 10 md is
shown in Fig. 2 (correlation coefficient R? = 0.8908). K =5.1498In(®) -
11.064

o The correlation between permeability and porosity when 10<K<100 md is
shown in Fig. 3 (correlation coefficient R?*=0.0704). K = 7.0019In(®)
+28.795
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e The correlation between permeability and porosity when 100<K<1000 md
is shown in  Fig. 4 (correlation coefficient R %= 0.0074). K=-
42.63In(®) + 723.06

e The correlation between permeability and porosity when K >1000 md is
shown in Fig.5 (correlation coefficient R* = 9E-05). K= -68.35In(D)
+5657.5

e The correlation between permeability and porosity for all permeability
data is shown in Fig .6 (correlation coefficient ~ R? = 0.0303). K=
978.88In(®) - 1542.4

CONCLUSIONS

We can make some generalizations if all other factors are held constant:

e The higher the porosity, the higher the permeability.

e The smaller the grains, the smaller the pores and pore throats, the lower the
permeability.

e The smaller the grain size, the larger the exposed surface area to the flowing
fluid, which leads to larger friction between the fluid and the rock, and
hence lower permeability.

Also permeability:

*. Depends upon porosity.

-* Depends upon the connectivity of the flow paths in the rock.

-* Depends, therefore, in a complex way upon the pore geometry of the rock.

*. |s a directional quantity that can be affected by heterogeneous or
directional properties of the pore geometry.

* | expect that by taking more samples, the relationship between permeability
and porosity will be clearer.
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Abstract

Production of crude oil and natural gas are expected to be boosted in Libya
in near future because of gulf of Sirt future project. National oil company of
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Libya (NOC) made extensive studies regarding the huge reserves of crude oil
and natural gas expected in the field. The study expects a large production of
crude oil and natural gas. A contract has been signed to drill 14 offshore wells
by two major world companies, Exxon mobile and British petroleum. this
study has been conducted to design a new complex refinery to process 500
thousand barrels per day of mixed crude oil produced from desert and
offshore. The refinery will consist of Atmospheric distillation column,
vacuum unit, catalytic cracking, catalytic reforming, isomerization unit,
alkylation and hydrocracking. The main objective of this refinery is to
eliminate the shortages of gasoline production in Libya.

This refinery will be able to produce from 100,000 to 170,000 barrels per
day of gasoline to cover the consumption needs in the local markets. Gasoline
specifications have to be adjusted using MTBE to satisfy the octane number
requirement and n-butane to adjust the Reid vapor pressure. Gasoline
blending model have been utilized in this paper. Rung Kutta method have
been used to model the system and MATLAB soft were is utilized to simulate
the system. Libyan requirement of gasoline will be met for many years to
come.

Key words : Gasoline blending , Libyan refineries, MTBE.

Introduction

Gasoline is a complex of hundreds of different hydrocarbons. Most are
saturated and contains 4 to 12 carbon atoms per molecules. Gasoline
can be produced in various process in a modern oil refinery. Due to the
different sources of gasoline streams, they contain both superior and inferior
properties.

The gulf of Sirt gas and crude oil future project is expected to be the
largest project in the world in near future. National Oil Corporation (NOC) in
Libya signed a contract with EXXON mobile and British petroleum oil
companies to assess the project where 14 Wells to be drilled in the gulf of Sirt
at cost 7 billion dollars in near future due to the huge depth of sea water in
this location. An estimated production rate of 40 billion cubic meters of
natural gas with several million barrels per day of heavy crude oil is expected.
A huge pipe line will be built to transport 80% of the gas to Italy where the
other 20% will be processed in gulf of Sirt to satisfy local demand in Libya in
the near future.
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This paper will concentrate on building a new crude oil refinery in gulf of
Sirt with a capacity of 500 thousand bbl per day to satisfy the Libyan
consumption of gasoline in future. A huge shortage of gasoline in Libya
reaching 70% of local demand will the eliminated.

Besides, different marketing locations served by a refinery may have
different requirement and regulatory specifications that may also vary
seasonally. Therefore, refiners need to select optimal combinations of various
intermediate gasoline intermediates in a particular blending ratio to produce
on-specification products’.In general, gasoline are blended from several
petroleum refinery process streams that are produced by the following
methods: direct distillation of crude oil, catalytic and thermal cracking,
hydrocracking, catalytic reforming, alkylation and polymerization[2].  For
instance, the production of gasoline involves mixing a variety of ingredient,
such as: alkylate reformate, fluidized catalytic cracking unit(FCC), gasoline
and an oxygenated additive named Methyl Tert-Butyl Ether(MTBE) to satisfy
the octane number requirement and i-butane to adjusted Ried vapor
pressure.The objective of gasoline blending is to find the optimal recipe to
achieve a best overall profit while satisfying the environmental regulations
and market demand. The blending process of gasoline using the linear
software MATLab by using Runge-Kutta method. The overall purpose of this
research is to enhance the properties and the gasoline production by adding
new units to the major units in Libyan refineries. To accomplish this, the
project will be divided into several individual objectives:

1. Collecting data from Azawia and RasLanuf refineries.

Add new units to produce gasoline.

Material balancing work for major units that used to produce gasoline.
Gasoline blending process will be simulated using MATLAB software.
Gasoline blending models available in literature will be used to calculate
the major physical properties (RVP and ON).

6. Enhancement RVP and OC by using MATLAB program.

ok~ wn
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Fig(1)Consumption of Gasoline in Libya

Fig (1) shows the consumption of gasoline in the previous year's
according to the U.S. Energy Information Administration?.

The main objective of this paper is to produce enough gasoline in Libya to
balance the deficiency of supply demand of gasoline in future. Fig (1)
illustrates the consumption of gasoline in the last eight years.

Methodology

Blending gasoline process

In most cases, refining procedures don't result in fully finished goods that
can be sold directly; instead, they generate semi-finished goods that must be
combined to fulfill the requirements of the desired products. The basic goal of
product blending is to determine the most effective approach to combine
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various intermediate products that are accessible from the refinery with some
additives in order to modify the product specifications. For instance, the
production of gasoline involves mixing a variety of ingredients, such as
alkylate, reformate, FCC gasoline, and an oxygenated additive such (MTBE),
in order to raise the octane number®

Oxygenated fuels, such as alcohols and ethers, may be able to meet the
world's rising energy needs in the future while also being environmentally
friendly. Since they may be produced locally and from a variety of renewable
sources, oxygenated fuels have a promising future. There are two crucial
requirements for every gasoline blend, however they are not the only ones.
Both the RVP, and the ON of the gasoline must be at the right levels. While a
certain grade's octane remains the same all year long.

In this stage, gasoline cuts obtained from the distillation unit were blended
in gasoline pool using MATLAB software*
Gasoline blending with MTBE

This step will be divided into three sections:

1. Quantities of materials used for the blending process.
2. Time of blending.

3. Enhancement physical properties of gasoline produced.
Quantities of additives materials

For the process of blending gasoline, the quantities of materials used are
required, as well as the time of mixing the mixture. In order to accomplish
this, several steps were performed. The values of octane numbers and Reid
vapor pressure of different technologies unit streams are listed in TABLE 2.
The results of octane number and Reid vapor pressure are needed to be
adjusted to satisfy the Libyan standard specifications. Methyl tertiary butyl
ethers and isobutene are added to Gasoline pool to satisfy the requirement.
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TABLE 1: Octane numbers and Reid Vapor pressure of Refining units

ON
Component RVP(psia) RON MON __ RON + MON
B 2
FCC 1.4 92.1 77.1 84.6
Catalytic 2.8 94 84.4 89.2
reformate
Delayed Coker 3.6 67.1 60.2 63.7
Isomerization 135 83 81.1 82.05
Alkylation 4.5 97.3 95.9 96.6
Hydrocracking 12.9 82.8 82.4 82.6
39—65 2500.3_834
Total 6 6
i-C4 71 93 92 925
MTBE 9 101 118 110

In this paper, the process of blending gasoline, the quantities of material
used are required, as well as the time of mixing the mixture; where important
properties of additives are identified and then calculated the amount of MTBE
and i-C4 that are calculated by using the following mathematical equation:

( MTBE * OCyrgg) + (FCC % OCrec)
+ (Cataytic reformate * OCeqt.rer )
+ (Delayed Coker * OCpea-cok )
+ (Isomerization = 0Cyg,.) + (Alkylation * OCAlky.)
+ (Catalytic Hydrocracker * OCeqra-Hyaro )
= (Gasoline Pool * 0Cgys-poor ) (D
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(i —C4 % RVP,,) + (FCC % RV Prce)

Where:

+ (C ataytic reformate * RV P¢qtref )
+ (Delayed Coker * RVPDelCok.)
+ (Isomerization * RVP;g,.) + (Alkylation RVPAlky.)

+ (Catalytic Hydrocracker * RV Pcqta-Hydro )
= (Gasoline Pool * RV P;qs.poor ) (2)

MTBE: The amount of MTBE (BPD).
OC : The octane number of all material.
i-C4 : The amount of iso-butane (BPD).

RVP : The Reid vapor pressure (psia).

Model development

1)

2)
3)
4)
5)
6)
7)

8)

Consider an empty cylindrical tank represent final product (gasoline
tank) in which gasoline from product units is to be prepared (blended)
by adding MTBE in (gasoline pool (1) tank) and i-C4 in (gasoline
pool (2) tank) as shown in Figure (2).

The three components are gasoline from product units have (low
octane) and MTBE have (high octane), i-C4 have (high RVP) and
gasoline pool (low RVP).

The percentage volume of the cylindrical tank is 100% by volume.
The sum of the percentage volume of the three components flowing
in is equal to the volume flowing out.

The gasoline products from units in refinery and the MTBE enters to
tank of gasoline pool (1) with RON1, RVP1.

The gasoline pool (1) and i-C4 enters to the tank of gasoline pool (2)
with RON2, RVP2.

The tank is well mixed after transferring the components into the
cylindrical tank.

Final product (Gasoline) leaves tank after mixing process, where the
final blend is homogeneous with specific RON, RVP.

24

Copyright © GJT Al e Asal Al sine aolall 3 48s



Ol Al g o glall Mad) agaal [ Liill Gy & Alaa
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- sl 5 «gulil) aal)

MTBE =04

Gassoline prodaction
Final
< | Gasoling 5| Crasoline

- productson
" y - ;\_ul il 'r\."." {IF4) ’ .
Erowm mmits ret Ty (Ciasoding)

Fig(2) Model Development
Model Equations:

The rate of change of the dependent variable is equal to the rate of flow
from tankl plus the rate of flow from tank2 minus the rate of flow from
tank3.

dA(t)
— = (r1A1 +r242) —r3A(t)  ;A(t) = ON

diit) = (r1B1+1r2B2) —r3B(t)  ;B(t) = RVP

rand r, are determined using simultaneous equation from material balance
Al + A2 =94

Where : Al and A2 are the MTBE and gasoline from units of refinery for the
blend respectively.

Fourth Order Rung-Kutta numerical Solution:

To find the initial value and solve the differential equations we can
use the Rung-Kutta method as follows:

dy(t) o
T—f(t,y) ; a<t<b;y(t=a)=ya
k1 = hf(ti,yi)
k2 = hf(ti+2,yi+5)
k3=h (t'+hyi kZ)
ASRIRY
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k4 = hf(ti + h,yi + k3)
1
y(i+1) = yi+ 2 (k1 +2k2 +2k3 + k4)

Where: ky,kz,ks and k, are the slopes used to calculate y(i+1)
Simulation of blending gasoline

With the development of technology, the gasoline blending process has
evolved to become more efficient and in the least amount of time so that the
process can be carried out to the fullest extent. Francis™® proposed three high-
quality first-order differential equations in addition to a computer program
(MATLAB) where Runge-Equations were used Kutta class IV for blending
two gasoline components, model predictions RON (Research Octane
Number), RVP (Reid Vapor Pressure) and density of the gasoline mixture
were made. The gasoline blending was executed by employing the linear
programming solver application in Microsoft excel using four blending
components namely the Fluid catalytic cracking gasoline (FCCG), Straight
run naphtha (SRN), Straight run gasoline (SRG), Butane, and varying
Oxygenates.

In this paper, the MATLAB program will be used for the final
blending process of gasoline with oxygenates and iso-butane to modify OC
and RVP.

MATLAB programs

This program's goal is to calculate the ON and RVP of the gasoline
mixture. The octane number and RVP will remain the same because the
gasoline mixing process is for MTBE and iC4. Al is the gasoline pool's Ron,
A2 is the MTBE's Ron, and B1 is the gasoline pool's RVP (RVP OF THE i-
C4) as inputs in order to compute R1 and R2 thus the fractions of the
components to be blended together. The following diagram shows the process
of blending gasoline with improved additives.

I. Gasoline pool (1)

Since the ON values of the units producing gasoline as well as the
materials used for mixing are constant see table 2, the output values will be
equal for the two ratios used.
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Gasoline produced from production operations (refinery units) enters the
gasoline pool to be blended with the oxygenating substance MTBE so that the
octane number is adjusted to suit the Libyan specification.
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Fig.3 blending ON of gasoline pool with ON of MTBE

Results of blending observed that the process to modify the octane number
needs 15 hours for homogenous blending,
After modify ON, we have to modify the value of RVP that changed with
time of mixing, so the RVP will be calculated in gasoline pool (1).

I1. Gasoline pool (2)

Since the RVP values of the units producing gasoline as well as the
materials used for mixing are constant see table 5, the output values will be
equal for the two ratios used >> B1=7.5
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Fig. 5 Result of blending RVP

From fig.5 the RVP needs 13 hours to modify it.

Discussion of simulation results

The total amount that suggested of 500,000 barrels per day of new crude
oil entering the atmospheric distillation unit of two different types of Libyan
crude oil has been proposed to increase the amount of gasoline production,
the results were as shown in Table 2. Table 2 summarizes the results of
production of gasoline obtained from two mixtures of crude oil of different
guality by using several different units. Where it was found that the second
mixture produces 177,675 BPD, which is a profitable production compared to
the first mixture, which produced 86,270 BPD, and according to the total
consumption of gasoline in Libya, it is possible to satisfy Libyan demand of
Gasoline in future.
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Table 2 : Results of gasoline by BPD from different units

Description First mixture Second mixture
FCC 16,606 33,411
Catalytic reformate 22,710 44,914
Delayed cooker 4,097 2,892
Isomerization 18,398 22,391
Alkylation 8,846 17,885
Catalytic hydrocracking 6,427 4,619
Gasoline pool 377,084 126,112
Enhanced gasoline 86,270 177,675
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Abstract

For the past few decades, adsorption techniques are one of the methods
used successfully in separating azeotropic mixtures. In the present work,
Eucalyptus tree branches (Eu-GAC) and Silica adsorbent (Sand) have been
studied by using a Batch Adsorption vessel to measure their capability for
adsorption. The effect of contact time and adsorption dose in enhancing the
adsorption process has been investigated. The results showed that the Eu-
GAC agent as adsorbent appears more efficient compared to the sand agent
with almost 98%.

Keywords: Azeotropic mixture; Eucalyptus tree branches (Eu-GAC); Silica
adsorbent (Sand); adsorbents doses.

1. Introduction.

The term “azeotropy” denotes a mixture of two or more components
where the equilibrium vapor and liquid compositions are equal at a given
pressure and temperature. More specifically, the vapor has the same
composition as the liquid and the mixture boils at a temperature other than
that of the pure components boiling points [1]. Azeotropic mixture is a special
mixture with a boiling point higher or lower than its components. Therefore,
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the common distillation methods widely used have not led to separate the
azeotropic mixture into pure components. Several methods such as
decompression distillation and additive distillation have been applied to
separate azeotropic, however, these processes have accompanied with wasting
excessive energy. Although chromatography has an important role in the
mixtures separation including azeotropic mixtures, it is just used for the
analysis due to the disability to separate large amount of the mixture [2].
Some adsorbents, such as synthetic resins, dehydrating agents and more, are
very expensive to achieve economically the separation process of azeotropic
mixtures [3].

Benzene and cyclohexane classify as important materials since they
constitute the raw materials of various petrochemical products. Because the
boiling points of these compounds are very close, azeotropic and extractive
distillation are frequently used for their separation by adding a third
component. During the last decade, a humber of polymer membranes have
been developed for the separation of a benzene/ cyclohexane mixture.
However, in the separation, including aromatic compounds with high
adsorptivities, the polymer membranes become swollen due to the
accumulation of highly adsorptive compounds in the membrane resulting
reducing the separation factors. Thus, inorganic membranes such as zeolite
are expected to be effective membranes to separate benzene and cyclohexane.
Separation of benzene and cyclohexane by adsorption technique may be
identified as an azeotropic mixture [4].

Separation of benzene and cyclohexane is recognized to be the most
important and difficult processes in the petrochemical industry. Cyclohexane
is produced by catalytic hydrogenation of benzene. The unreacted benzene
occurred in the reactor's effluent stream and must be removed for pure
cyclohexane retrieving. Separation of benzene and cyclohexane is difficult by
a conventional distillation process because these components have close
boiling mixtures at the entire range of their compositions. Presently,
azeotropic distillation and extractive distillation are used for this separation.
These two processes, however, suffer from complexity and high energy
consumption. For all these reasons, the industry has always been eager to look
for an alternative method to the conventional separation processes [5].

The investigation of the adsorption isotherm aimed to measure the
adsorption capacity of the adsorbents (Eu-GAC and Sand) and to determine
the equilibrium distribution of the solute concerned (e.g. benzene in the

32 Copyright © GJT Al e Asal Al sine aolall 3 48s



Ol Al g aghall Mall sgaal) [ 480 oy & Ao
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- sl 5 «gulil) aal)

azeotropic mixture benzene-cyclohexane). In this study, the investigation of
the efficiency of Eu-GAC and Sand to separate the azeotropic mixture
benzene-cyclohexane was carried out.

2. Materials and methods.

2.1Materials.

In this study, we have used activated carbon obtained from Eucalyptus tree
branches (Eu-GAC) and Silica adsorbent (Sand) from seaside of EI-Khoms.
The carbon was produced by thermal pyrolysis of Eucalyptus tree branches in
the absence of oxygen. The activated carbon was used without any further
treatment except drying in an oven at 100°C before usage. The sand was
washed with ethanol and then dried at 100°C.

2.2. Method.

In this research, the azeotropic mixtures were prepared from commercial
fine reagents according to the components and the ratios. Three types of
azeotropic mixtures of benzene and cyclohexane were prepared containing
4%, 6% and 8% benzene in cyclohexane.

All readings were made on a UV-Visible spectrophotometer (model 8700
series Unicam UV/Vis) (Figure 1). The absorbance’s of the solutions were
measured at the wavelength (255 nm) [6], as benzene absorbs at this
wavelength while, cyclohexane has no absorbance above 200 nm. The
absorbance readings obeyed Beer's law in this range.

Ai =S *Ci Where: Ai: absorbance (%), S: constant, slope of curve and
Ci: concentration, mg / L.

Figurel: UV-Visible (Spectrophotometer).
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Figure 2: Calibration Curve for the Azeotropic Mixture, (Benzene-

Cyclohexane).

2.3. Equilibrium Adsorption studies,

An azeotropic mixture prepared by mixing 0.1-0.18 ml (874 - 1572 mg/L)
of benzene with cyclohexane to obtain 100ml solutions containing 4 %, 6 %
and 8 % benzene solutions. The experiments were carried out using
Eucalyptus (Eu-GAC) and Sand as adsorbents, and were performed at the
following conditions:

1.

The equilibrium isotherm measurements were carried out for different
solution/solid ratios and at constant temperature of 25 + 2°C.

The equilibrium shaking time (contact time) was varied from one to
15 hours at an stirring speed of 200 rpm.

The experiments were conducted in 125 ml Erlenmeyer flasks on a
magnetic stirring apparatus as showed in (Figure 3).

The ratio of solution/adsorbent was varied from 1 to 3 gm, and the
samples were collected at the intervals time.

Samples were analyzed by UV/VIS spectrophotometer by measuring
absorbance of the samples at Amax (255 nm) for benzene -
cyclohexane.
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—»  Erlenmeyer flask (125 ml)

—»  Mixing of the mixture by
Magnetic Rod

[~ Magnetic Stirrer

Figure 3: Stirred Batch Adsorption Vessel for Kinetic Studies

3. Results and discussion.

The investigation of the adsorption isotherm aimed to measure the
adsorption capacity of the adsorbents (Eu-GAC and Sand) and to determine
the equilibrium distribution of the solute concerned (e.g. benzene in the
azeotropic mixture benzene-cyclohexane).

3.1 Effect of Contact Time.

Results in Figures 4 and 5 show that the adsorbed benzene increases with
an increase the contact time. Other parameters such as dose of adsorbent and
pH of solution were kept at optimum situation as well as the temperature was
kept at 25°C. The adsorption efficiency increases when contact time
increases from one to 3 hours. Optimum contact time for adsorbed Benzene-
Cyclohexane in both adsorbent agents (EU-GAC and Sand) was found to be 4
hours. It is clear that the EU-GAC agent was found to be more efficient than
the sand. This result agreed with what was found by Othman [7].
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Figure 4: Effect of Contact Time on the Adsorption of Azeotropic Mixture,
(Benzene-Cyclohexane) of different initial concentrations, by EU-GAC (1g;
Mesh No 100) pH=3; Stirring Speed 200rpm; T= 25°C, atm.
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Figure 5: Effect of Contact Time on the Adsorption of Azeotropic
Mixture, (Benzene-Cyclohexane) of different initial concentrations, by Sand
(1g; Mesh No 100), pH=3; Stirring Speed 200rpm; T= 25°C,1atm.
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3.2 Effect of Adsorbent Dose

The adsorption of benzene on Eu-GAC and Sand adsorbents was
examined by using various amount of adsorbents doses from 1g to 3g/100 ml.
Figures (6, 7 , 8 and 9) present the adsorption efficiency of benzene on two
adsorbents. From these figures, we can conclude that the adsorption
efficiency of the adsorbents generally improved by increasing adsorbents
dose. The percentage removal of azeotropic mixture from the solution
increased from 80-95% to 87-97% as the adsorbent dosage increased from 1g
to 3 g for Eu-GAC adsorbent. Whereas the percentage removal of azeotropic
mixture from the solution increased from 70-90% to 75-93% as the adsorbent
dosage increased from 1g to 3g for sand. This result is expected because of
the increased adsorbent surface area and availability of more adsorption sites
caused by increasing adsorbent dosage [8].

100
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Figure 6: Adsorption percent of the Azeotropic Mixture, (Benzene-
Cyclohexane) onto EU-GAC (1g ; Mesh No 100) with different compositions;
T=25 oC,latm.
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Figure 7: Adsorption percent of the Azeotropic Mixture, (Benzene-
Cyclohexane) onto EU-GAC (3g ; Mesh No 100) with different compositions;

T= 25 oC,latm.
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Figure 8: Adsorption percent of the Azeotropic Mixture, (Benzene-
Cyclohexane) onto Sand (1g ; Mesh No 100) with different compositions; T=
25 oC,latm.
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Figure 9: Adsorption percent of the Azeotropic Mixture, (Benzene-
Cyclohexane) onto Sand (3g ; Mesh No 100) with different compositions; T=
25 oC,latm.

4.Conclusion.

In conclusion, we have studied the adsorption isotherms and adsorption
efficiency of the two adsorbents Eu-GAC and Sand to separate the azeotropic
mixture benzene-cyclohexane in batch column techniques. The adsorption
efficiency increased with an increase in contact time, the optimum contact
time for both agents was three hrs. The dependence of the adsorption
efficiency of benzene on the two adsorbents was studied and it was found that
the efficiency is dependent on the dose of the adsorbent and increases with
the increase in dose. The behavior of Eu-GAC as an adsorbent appears to us
better than sand, it has shown high separation efficiency in the range between
80-97% at different doses.
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Abstract

Most competitive organizations apply Total Quality Management (TQM)
which is widely recognized as a key strategy employed by competitive
organizations to continuously improve their performance. However, studies
indicate that the adoption of TQM and Quality Management Systems (QMS) in
Libya has been sluggish. The number of ISO 9001-certified companies in
Libya, compared to other Arab countries, remains relatively small, suggesting
a lack of enthusiasm and awareness regarding the importance of TQM in
addressing the needs of Libyan society. To address this gap, this study aims to
develop a comprehensive conceptual model for implementing TQM in the
industrial sector of Libya, focusing on the relationship between TQM, ISO
9001 certification, and organizational performance.

To investigate the proposed model, Path analysis using Structural
Equation Modelling (SEM) is used to create and validate TQM applications
and influence organizational culture and performance. The proposed model
provides a better understanding of the association between TQM and
organizational performance in Libya. The concentration of this paper is mainly
on the actual state of TQM implementation, with all companies applying
formal programs of TQM and those basically implementing TQM practices.
Hypotheses were tested to determine the association between TQM and OP to
determine mediations affecting ISO 9001.1SO 9001 was found to have a
positive relationship between TQM and OP as an intermediary for Libyan
manufacturers. The insights gained from this study have implications for
organizations aiming to improve their performance through TQM practices and
can inform policy initiatives aimed at promoting broader adoption of TQM and
ISO 9001 certification in Libya's industrial sector.

Keywords: Total Quality Management, 1ISO 9001 Certification, Organization
Performance, Structural Equation Modelling (SEM).
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1. Introduction

Today's manufacturing firms must be competitive in a variety of
previously uncompetitive areas, such as products and innovation. The
combination of environmental, technical, cultural, economic, and socio-
political challenges requires us to respond quickly and effectively in many
different areas simultaneously. Several high-quality and TQM initiatives are
available for manufacturers to prepare for the current situation and future
challenges [1]. Manufacturing is one of the many services in the industrial
sector, characterized by excellent customer contact with individually
customized service solutions where performance is the focus of research. Key
determinants of service performance quality, service capabilities, customer
complaints, and situational factors were investigated. Total Quality
Management is the future goal of the manufacturing industry and is a
technique for continuous improvement aimed at performance. TQM is an
approach that has been developed in the manufacturing industry in recent
years and can respond directly to the globalization and competitiveness of the
manufacturing market [2].

The vast majority of successful manufacturers have adopted TQM to make
their tremendous contributions. Therefore, the significance of TQM as an
effective pillar for attaining manufacturing brilliance cannot be ignored. The
concept of manufacturing excellence is the way to become the best
manufacturer. This is the ultimate goal for best-in-class manufacturing
capability or performance. Depending on the situation, the mediating effect of
corporate entrepreneurship between environmental culture and performance
has an indirect negative or positive impact on financial performance that the
organization's response level performs and a positive or negative influence on
market culture. The indirect effect of being sold through a new business self-
renewal. This means that the entrepreneurial nature of companies is more
likely to be an intermediary [3].

2. Background of the Study

Total Quality Management is a leadership philosophy and strategy based
on continuous improvement of all processes, people empowerment, and
continuous learning, with the aim of bringing about organizational change
while delivering superior products and services. Many organizations around
the world use TQM to improve their competitiveness and financial results [4].

43 Copyright © GJT Al e Asal Al sine aolall 3 48s



Ol Al g o glall all agaall [ 4800 gl & Ao
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- sl 5 «gulil) aal)

TQM is strongly encouraged to have a good operational policy, but pressure
motivates organizational management to evaluate business strategies and
practices and to be creative and innovative to improve performance.

In this context, the top management needs to integrate the ‘quality vision’ into
the goals and objectives of the organization. The effectiveness of the
organization is consistent with the theory of structural-technical interventions
that emphasize productivity, factors of performance, and relationships
between workers. Structural technical intervention strategy also focuses on
the level of involvement in the organization's development and change
process. One of the main interventions identified is the socio-technical system
that focuses on the circuits of quality control and total quality management.
Factors that determine the effectiveness of the organization through
continuous improvement [5].

Despite the availability of the latest version of 1SO 9001:2015, Libyan
firms continue to face challenges in implementing 1SO 9001:2008, while the
emphasis on quality management has been relatively limited, reflecting a
similar trend observed in other Arabic countries [6, 7]. The scarcity of Libyan
firms that have obtained ISO certification indicates a delay in accreditation.
The main hurdle stems from the inadequate execution of the 1ISO 9001
Quality Management System (QMS) process in Libya over the past few
decades. Insufficient dedicated resources and a shortage of well-trained
professionals with expertise in international quality management system
standards pose significant barriers to successful implementation in Libya [8,
9].. Additionally, the absence of a well-established support system and
tailored guidance further exacerbates the challenges faced by Libyan
companies in this domain.

This implementation gap in 1ISO 9001 negatively impacts the overall
guality management practices in Libyan firms. It hinders their ability to meet
international quality standards, impairs competitiveness in the global market,
and restricts opportunities for growth and development. Addressing these
issues requires a concerted effort to provide adequate resources, training, and
support to enable Libyan companies to effectively implement and benefit
from 1SO 9001:2015 and improve their quality management practices.
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3. Research Objectives
The general objective of this research is to find out the effectiveness of
ISO 9001 as a mediators between Total Quality Management (TQM) and
Organisational Performance (OP) among Libyan manufactories. Specifically,
the objectives of the research are to:
1. Analyse the association between TQM and organizational performance
by ISO 9001.
2. Determine the mediating effect of ISO 9001 between TQM and
organizational performance OP.

4. Research questions
To answer the research objectives, the following questions need to be

answered :

1. What is the nature of the association between TQM, ISO 9001 and
organizational performance

2. Does ISO 9001 mediate the relationship between TQM and OP in the
Libyan firms?

5. Total Quality Management (TQM) and Business Excellence

Models (BEMs)

The Business Excellence Model (BEM) was originally called the Total
Quality Management Model (TQM). Today, it is commonly stated as the
Business Excellence Model (BEM). The term helps convey the meaning of
‘excellence' in all aspects of a business, not just product or process quality.
Traditionally, it was used to assess core values and concepts of business
excellence (success factors) that are embedded and integrated into an
organization. The organization uses its TQM to understand and evaluate
processes that need improvement to improve results. This includes the
organizational environment, key business relationships, and strategic context
(competitive landscape, strategic challenges, and benefits, performance
improvement systems, etc.) [10]. Business Excellence (BE) the goal is to
develop and enhance an organization's control systems and processes in order
to improve overall performance and create value for its stakeholders. BE does
more than just provide quality systems. BE is about delivering excellence in
everything an organization does, including leadership, strategy, customer
centricity, information management, people and operations, and most
importantly, achieving superior performance. BEM helps organizations assess
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their strengths and areas for improvement and guides them on what to do
next. BEM provides senior executives with a comprehensive way to run their
businesses and support key decisions that lead to sustainable and measurable
success. In a way, BEM acts as an organization's internal management
consultant. Ensure business decisions address the needs of all stakeholders in
line with organizational goals and take into account current considerations of
international best practices. TQM and BEM have been the most popular in the
last 20 years. Existing BEM models are often developed or supported by
national agencies as a basis for the winning programmer and for the
widespread adoption of his TQM principles and methods and BE [11].
According to [12], the Baldrige Excellence Framework, which stands for
Baldrige Performance Excellence, enables organizations in order to achieve
their goals, advance their outcomes, and become competitive. Thousands of
organizations use the Baldrige Excellence Framework worldwide as their
main values and concepts, standards of excellence, and evaluation guidelines
to achieve and improve sustainable results. Persons acknowledged as a
National Model obtain an MBNQA.. Presidential prize. Over 100 receivers
share their best practices with others. The purpose of the Baldrige Framework
is to enable an organization or industry to answer three questions. How do
you identify? What and how should your organization need to improve or
change? By challenging your organization with the questions that make up
the Standards for Excellence in Performance, you can find out how well your
organization is achieving what is important. The seven critical aspects of the
Baldrige Excellence Framework on managing and performing as an
organization; [13] are as follows: (i) leadership, (ii) strategy, (iii) customers,
(iv) measurement, analysis, and knowledge management, (v) workforce, (vi)
operations, and (vii) results. Figure (1) shows the Baldrige Excellence
Framework. It is applied in the United States but has been adopted by many
countries around the world.
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Figure (1): Baldrige Performance Excellence Program (2018)

TQM Elements

In the literature review, various studies have provided operational
definitions of the key dimensions of Total Quality Management (TQM) to
facilitate a comprehensive understanding and comparison. The dimensions
commonly explored include leadership, strategy design, consumer
concentration, measurement analysis, and knowledge management, workforce
focus, and operation focus. These dimensions serve as critical components of
TQM and are assessed to measure the degree of TQM implementation within
an organization. Scholars have extensively examined these dimensions in the
context of TQM, ensuring their alignment with the theoretical construct of
TQM and its application in practice [14],

To assess the level of TQM implementation, this study adopts six widely
accepted TQM elements: customer focus, strategic planning, leadership,
knowledge management and information, operations process, and workforce.
These elements have been derived from a comprehensive review of the
literature and have been supported by numerous authors. They serve as
fundamental pillars for successful TQM implementation and are instrumental
in achieving organizational excellence. This paper adopts TQM as the
theoretical framework and foundation, drawing upon the principles of the
Baldrige Excellence Framework [13];[15]
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6. The I1SO 9001 Family of International Standards

The ISO 9001 family of international standards is developed by the
International Organization for Standardization (ISO), which consists of 165
national standards bodies. ISO 9001 provides a set of standardized
requirements for quality management systems (QMS) and is applicable to
organizations of all sizes and sectors. The most recent version is 1SO
9001:2015, which replaced 1SO 9001:2008. Certification under this standard
allows organizations to adopt a systematic and structured approach to
managing their operations, ensuring consistent product or service quality, and
meeting customer expectations.

ISO 9001:2015 emphasizes a process-based approach to quality
management, focusing on risk-based thinking and strong customer
orientation. It provides a framework for organizations to establish and
maintain a QMS that drives continual improvement, prevents
nonconformities, and enhances customer satisfaction. The standard places
greater emphasis on leadership, organizational context, and the involvement
of top management in driving quality initiatives.

The effectiveness of 1ISO 9001:2015 relies on organizations' internal
motivation and commitment to quality improvement, rather than solely
seeking certification as a means of demonstrating compliance. By
implementing 1SO 9001:2015, organizations can gain a competitive edge,
enhance their operational efficiency, and improve overall customer
satisfaction [16]; [17]. The standard promotes a culture of quality, continual
improvement, and a proactive approach to identifying and addressing risks
and opportunities in the organization.

The Effectiveness of 1ISO 9001 as a Mediating Variable in the

Link between TQM and OP

In this discussion, the authors examine the effectiveness of 1ISO 9001 as a
mediator between TQM and organizational performance (OP) in Libyan
firms. 1ISO 9001 effectiveness is defined as the extent to which the expected
results are achieved [18]. Analyzing the competence of an 1SO 9001 QMS
requires considering the organization's approach to key deliverables and
understanding the influencing factors beyond quality practices. [19]. The
impact of ISO 9001 on performance is hindered when there is a lack of
internal enthusiasm and motivation, emphasizing the significance of seeking
certification as a quality improvement approach [17].
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Practical evidence supports a consensus on the underlying structure of 1ISO
9001 effectiveness, and the indicators used to assess its objectives are derived
from research [20] 1ISO 9001 effectiveness directly and significantly affects
product service quality and organizational performance (OP) in service
companies. However, only OP has a direct impact on financial performance,
with the influence of ISO 9001 effectiveness being indirect through a
significant correlation with OP. The impact of ISO 9001 effectiveness on
service organizations' performance in terms of market share and customer
satisfaction remains uncertain. Confirming the basic structure of 1SO 9001
efficiency, a study involving small and medium-sized food manufacturing
companies identified three objectives of 1SO 9001 (prevention of non-
conformance, continuous improvement, and customer focus) [20].

7. Organisational Performance (OP)

Performance is an important variable in any organizational and job
performance issues. There was an argument by [21] that success in
performing a task is determined by employee performance. In other words,
performance is a critical factor in success. With regard to the success of the
organization, the managers need to pay attention to the OP to get the best
results. OP is a measure of how successful an organization is in achieving its
goals [22]. Various studies have shown that there are five types of abilities.
First, individual knowledge of a particular job or specialty, second, the ability
to perform physical or mental skills or performance, third, individual attitudes
and values that support self-concept or self-image, and fourth, physical traits
or characteristics. With a situation or information and, finally, a certain
motive, idea or intent that acts as the basis and encourages the individual to
act or act in a certain way [23]. They are six TQM dimensions, three 1SO
9001 dimensions and four OP dimensions as the relationships between the
concepts are shown in Figure (2).

49 Copyright © GJT Al e Asal Al sine aolall 3 48s



Ol Al g o glall all agaall [ 4800 gl & Ao
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- sl 5 «gulil) aal)

Exogenous variable Endogenous

Total Quality

Management Organizational
e Leadership performance
e Strategic e Financial

planning Mediators Results
e Customer e  Workforce

Focus / \ Results
e measurement SO e  Customer

analysis and ] Results

kno{\\'ledge ¢ Contmuous e Productand
rnanagen;ent sproyenty Process
o  Workforce * Preventionof Result

Nonconformities

e Customer
Satisfaction
Focus

N 0 A R

Figure (2): A Model shows the structural relationship between TQM,
Effectiveness of 1ISO 9001 Certification, and OP

e  Operations

Research Hypothesis

H1: TQM implementation has a significant influence on OP.

H2: TQM implementation has a direct positive significant influence on ISO
H3: 1SO effectiveness has a direct significant influence on OP.

H4: 1SO 9001 certification will mediate the relationship between TQM and
OP.

8. Methodology
8.1. Research Design

According to [24], research design is the specific ways involved in the
research procedure: data collection, data analysis and report writing. The
survey design with questionnaire was the most commonly used alternative in
Production and Operation Management research. [25]Compared to other
research strategies based on three conditions; the type of research questions,
investigator control over behavioural events and degree of focus on
contemporary issues. Both the case study and survey have no investigator
control over behavioural events, and they focus on contemporary issues. The
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case study answers questions related to how and why. However, the survey
answers questions related to who, what, where, how many and how much.
Since the current research attempted to answer such questions, survey is the
preferred method. Moreover, many TQM studies have used the survey
method. Based on all these considerations, a survey was used in this research
to empirically investigate the proposed research model. The empirical survey
was divided into two parts: a pilot survey and a final survey. The purpose of
the pilot survey was to study the responses, and rectify, modify and redefine
the questions for the final survey if necessary.

Research design involves planning the actual research, addressing aspects
such as research paradigms, strategies, approaches, data collection methods,
and data analysis techniques. All of these influence the extent to which
research goals and objectives are achieved.

The theoretical framework underpinned the basis for the design of this
research; the independent variable in this study is TQM in the Libya firms.
The dependent variables in this study are OP. However, 1SO 9001
effectiveness as a mediator. It also provided some explanations with respect
to the findings of this study and compared these results to previous related
studies. Additionally, it was cross-sectional in nature; in that data were
collected at one point in time. [26].

Data collected through the questionnaire were analysed using the
Statistical Package for Social Sciences (SPSS). SPSS is a widely used
software program for statistical analysis in social sciences research. It
facilitated the organization, manipulation, and interpretation of the collected
data. Descriptive statistics, such as frequencies and percentages, were
calculated to provide an overview of the responses. Additionally, inferential
statistics, including correlation and regression analysis, were employed to
examine the relationships between variables and test the proposed research
model.

Structural Equation Modelling (SEM) was used to analyse the data and
test the proposed relationships between TQM, 1SO 9001 effectiveness, and
organizational performance. SEM is a comprehensive statistical technique
that enables the examination of complex relationships among variables and
provides insights into the underlying theoretical model. In this research, SEM
allowed for the assessment of both direct and indirect effects between the
variables.
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The Partial Least Square (PLS) approach was employed in this research to
estimate the measurement and structural models within SEM. PLS is
particularly useful when the focus is on prediction and explanation rather than
testing hypotheses. It accommodates small sample sizes and is less sensitive
to violations of distribution assumptions compared to other approaches. By
utilizing PLS, this research aimed to assess the mediating role of ISO 9001
effectiveness between TQM and organizational performance in the Libyan
firms.

Overall, the research design encompassed a survey method, the
development of a questionnaire, data analysis using SPSS, the application of
SEM with the PLS approach, and the utilization of a cross-sectional research
design to gather data at a single point in time [26].These elements collectively
contributed to the empirical investigation of the proposed research model and
facilitated the examination of the relationships between TQM, 1SO 9001
effectiveness, and organizational performance in the context of Libyan firms.

9. Hypotheses Testing

The PLS method to test hypotheses from both the temporal and structural
models. Accordingly, a full model, which comprises the structural model for
all phases, was identified, constructed and tested along with supplementary
pathways to examine the temporal models beta coefficients for the model’s
paths. A PLS takes measurement errors into account, but not only that; it
generates estimates of standardized regression coefficients. The method of
PLS can be utilized to evaluate the relationship between the latent variables
[27]. The relationship between the study’s variables was presented and
hypothesized by the structural model. The result of the direct relationship
between the study variables is shown in Table 4. The study found a positive
relationship between TQM and OP. The results indicated the existence of a
positive TQM on OP (= 0.180, p<0.01),), a significant relationship between
TQM and ISO 9001 (B = 0.467.

Table 4: Testing the Direct Effect

Relationship | Beta | Std. Error (STERR) | t-value Decision

TQOM ->OP | 0.180 | 0.069 2.606** | Supported
TOM ->1SO | 0.467 | 0.045 10.184** | Supported
ISO -> OP 0.253 | 0.067 3.7873** | Supported
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p<0.01), and a significant relationship between ISO 9001 and OP ( = 0.253,
p<0.01). Thus, these results supported hypotheses H1, H2, H3.

9.1. Testing the Mediating Effect

Testing the mediating effect of 1SO 9001 was one of the main objectives
of the paper. To test the ISO of the mediating effect and testing this effect, a t-
test via non-parametric procedure of bootstrapping was undertaken. With the
non-parametric  PLS  path-modelling approach, a non-parametric
bootstrapping procedure was administered to test the significance of the
mediating effect as suggested by [28]. In this study, indirect relationship was
found to be supported based on the hypotheses formulated; the results of the
mediating effect are also shown in the summary Table 5.

Table 5: Testing the Mediating Effect

Path Path a | Path b | Path a*b | Std. error | -value | 95% LL | 95% UL | Decision

*3k

TQM>ISO>OP | 0.467 | 0.254 | 0.119 0.035 3390 0.050 0.187 | Supported

9.2. Assess the Variance Accounted For (VAF)

The variance described in the VAF evaluation is performed to see how
much the mediator variable is up taken. The variance with VAF in
consideration determines the magnitude of the indirect effect relative to the
overall effect. VAF = indirect effect/total effect. We can conclude that the
VAF is less than 20% and there is little mediation. In contrast, if the VAF
results are very large (80% or more), you can assume complete mediation.
Cases in which VAF is greater than 20% and less than 80% may be described
as partial mediation [29]. In this study, the calculated VAF was 66%, which
was partially mediated.

AVF=Indirect Effect /Total Effect=a*b/ a*b + ¢ = 0.119/0.119
+0.180=0.119/0.299=0.66, 66%.

Table 6: Assess the Variance Accounted For (VAF)
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Path Path Std. )
No Path Path a t-value | Rate | Level
b a*b error

H7 | TQM>ISO>OP | 0.467 | 0.254 | 0.119 | 0.035 | 3.392** | 66% | Partial

TQM=Total quality Management; ISO= International Standard Organisation;
OP =Organisational Performance

9.3. R-squared

As shown in [30], R2 provides a range of variations to endogenous
constructs that are accounted for by exogenous constructs. The value of R2
increases as the number of exogenous variables increases [31]. In this study,
after evaluating the metrological model, the structural model was evaluated in
the following steps. First, | checked the value of each construct R2. In PLS,
the R2 score represents the amount of variance of the structure of interest
explained by the model. The value of R2 is important in research, and there
are differences in what level of R2 value is satisfactory. According to the
guidelines in [32], R2 values between 0.02 and 0.12 are weak, 0.13 and 0.25
are moderate, and 0.26 and above are significant. The R2 values for 1SO 9001
and OP were found to be 0.218 and 0.163 respectively.

9.4. Predictive Relevance (Q?)

A predictive sample reuse technique known as Stone-Geisser Q2 can be
applied as a measure of predictive significance, unlike determining the size of
R2. This technique represents a combination of cross-validation and
functionality in the light that predicting possible observations or observations
is more relevant than estimating synthetic configuration parameters. [33] He
also emphasized using this measure to assess the ability of research models to
make predictions. Taking this approach in PLS ensures a blind procedure that
removes some data within a given indicator block during parameter
estimation and tries to estimate the omitted part using the estimated
parameters [34]. Based on the blindfold procedure, Q2 assesses the predictive
validity of the model via his PLS.Q? is generally estimated using an omission
of distance of 5 - 10 in PLS [35] Q? values larger than zero indicates that the
exogenous constructs have a predictive relevance for the endogenous
construct [36]. The summary of the predictive relevance has been outlined in
Table 7, showing R® and Predictive Relevance respectively.
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Table 7: Result of Predictive Relevance (Q?) and R-squared (R?)

Predictor | Endogenous | Beta | Q*(CV R? Level
Red)

TQM ISO 0467 0.108 0.218 Moderate

TOM 0.180

ISO OP 0.254 0.087 0.163 Moderate

TQM-=Total quality Management; ISO= International Standard Organisation;
OP =Organisational Performance

9.5. Recapitulation of the Findings

This study focuses on the implementation of total quality control in
Libya's industrial sector, which plays an important role in the course of
Libya's economic and social development. However, to succeed in the global
market, the sector needs to learn from successful organizations around the
world and improve its operations. Comprehensive quality control practices in
Libya's industrial sector have proven vital to its survival and growth. The aim
of the current study is to examine the effect of his TQM on the OP of a
Libyan manufacturer. This study tested the effectiveness of 1ISO 9001 as an
intermediary in the relationship between TQM and OP. The purpose of this
study is to examine the relationship between TQM and OP through ISO 9001
as a facilitator of a manufacturing company in Libya. Here are some
guestions that will help you reach your research goals.

9.6. Does I1SO 9001 mediate the relationship between TQM and OP
in the Libya firms?

It turns out that ISO 9001 has a positive and significant relationship
between TQM and OP among Libyan manufacturers, and as a result, 1ISO
9001 is considered as ISO as a tool that can be implemented within the
context of TQM implementation. . 9001 is highly rated as a set of standards
regulated to improve an organization's level of quality. This relationship
illustrates the importance of ISO 9001 as an intermediary between TQM and
OP, which can lead to improved performance and productivity. Most
importantly, 1ISO 9001 is globally recognized because it is certified, which
means that the company is moving towards globalization and implementing
Total Quality Management. Its main goal, it is widely claimed, is to
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harmonize standards around the world that can enhance trade and contribute
to the efficiency of global welfare. In general, the impact of QMS 1SO 9001
on organizational performance is the improvement of product quality for
these manufacturers, so in terms of product quality and quantity, there is an
impact of QMS ISO 9001 on OP improvement.

9.7. The Relationship between TQM and OP

Two tests were made in order to measure the relationship between TQM
and OP, namely the direct effect between TQM and OP without mediating
and the direct effect with mediating. The direct effect without mediating
showed a positive significance relationship between TQM and OP, and the
direct effect with mediating between TQM and OP showed a positive
relationship between TQM and OP. As a result, both have indicated a positive
significance relationship between the TQM and OP. This is similar to the
findings from [37]. TQM is beneficial in order to improve quality, as the
implications of TQM and practices work positively in improving the
organisational performance [38].Study [5] also demonstrated a focus on the
four dimensions of TQM. Customer focus, continuous improvement, and
employee and senior management engagement help identify the most
important quality aspects of an organization's performance predictions.

9.8. The Relationship between the TQM and 1SO 9001

Tests have been conducted to measure the relationship between TQM and
ISO 9001, and the results have shown a positive and significant correlation.
These findings confirm that a strong TQM system requires a thorough
understanding of internal processes. 1ISO 9001 adopts a structured approach to
managing business practices and offers a proven framework for consistently
producing high-quality products. TQM is more than just a philosophy [39]; it
encompasses a comprehensive system of principles, methodologies, and
practices that aim to achieve continuous improvement and customer
satisfaction. ISO 9001 certification serves as a vital marketing tool, signifying
official recognition that a company adheres to and implements its own quality
management system. With its global recognition, 1SO 9001 certification
allows companies to expand their reach and establish a presence in
international markets. Certification is granted and validated by an
independent third-party entity, ensuring reliability. It also provides
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information on the type and extent of TQM practices and accreditation
history, serving as a reference point for comparison and evaluation.

9.9. The Relationship between the 1ISO 9001 and OP

The relationship between ISO 9001 and OP showed a positive and
significant relationship between 1SO 9001 and OP. This result was confirmed
in a case similar to that shown by the study by [40] .ISO 9001 contains
significant research focusing on the relevant effects of motivation and the
implementation process on ISO 9001 and OP.

According to [41], quality standards have a positive relationship with
operational and implementation performance. [42] It was reported that QMS
ISO 9001 has the effect of improving organizational performance in terms of
product quality and quantity. It is said that this is the impact of QMS ISO
9001 on the performance of the organization because the quality of the
products is improving in the organization that has been awarded the 1SO 9001
Quality Management System Certification. Actively contribute to the
performance of your organization. Therefore, Libyan manufacturing can
improve its ability to improve performance and ensure optimal results.

9.10. ISO 9001 Mediating the Relationship between TQM and OP.

The indirect effect of the TQM and OP through the ISO 9001, revealing
the mediating relationships was one of the significant objectives of this study,
by examining whether the ISO 9001 mediates the relationship between the
TQM and OP. Accordingly; it was found the impact of TQM on operational
processes was found to be superior to the Libyan manufacturers with 1SO
9001 certification. The mediating relationship between TQM and OP through
ISO 9001 was supported by the findings from [43] who indicated that ISO
9001 has influenced organisational performance through a number of factors,
which can be considered as a mediator between TQM and Organisational
Performance. As the companies that are certified with ISO 9001 usually have
higher performance than their non-1SO certified counterparts, it shows that
there is a positive relationship for the 1SO 9001 as a mediator between TQM
and OP in accordance with the justification for the adoption of 1ISO 9001
standard in the manufacturing companies since the 1SO 9001 certified
companies will enhance their quality management practices to achieve the
objectives being set by these companies.
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10. Conclusion

It can be concluded that this study focuses specifically on the
implementation of TQM in the Libyan industrial sector. Libya's industrial
sector not only plays an important role in Libya's economic structure and
growth rate, but also in its social development. The purpose of the research
was to study the impact of his TQM on OP in the Libyan manufacturing
industry. The effectiveness of 1SO 9001 as a mediator in the relationship
between TQM and OP was tested. An analysis of the study showed results
consistent with the Baldrige Performance Excellence program, confirming six
key dimensions of organizational management and performance. As a result
of measuring the relationship between TQM and OP as a direct effect, a
positive and significant relationship was shown. As a result, it was found that
the relationship between TQM and 1ISO9001 shows a positive relationship

It is hoped that the results of this empirical research will help Libyan
companies implement his TQM practices and improve organizational
performance in the future. We hope that the results will serve and serve as a
guide for compliance managers and manufacturing personnel in Libya to
improve their organization's performance through his TQM. Information for
future research includes length of time or level of commitment to both TQM
and 1SO 9001. A limited number of KPIs were explored in the current study.
It is therefore worth considering the implications of applying TQM to other
potential operational policy instruments. Further research on Libyan
manufacturers will open the door for raising quality levels and TQM for
improving performance.
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Abstract

In some engineering applications soil stiffness only could not be a reliable
parameter in accordance with specific standardizations especially, when
dealing with dynamic loading. In other words, foundation soil should be
altered regarding its ductility in order to prevent sudden damage due to
brittleness. Plenty of researchers have studied the effect of multifilament
polypropylene fibers on soil reinforcement. Besides, the alkaline activation
method has been adapted to alter the strength properties of soft soil.
Furthermore, in a cutting edge method, alkaline activation of soft soil, using
fly ash and Potassium hydroxide, coupled with soil reinforcement was adapted
to change the post-peak behavior of soft soil. The goal of this novel technique
is to increase the ultimate strength and to enhance the failure mode. In this
research work alkali activated kaolin soil and alkali-activated reinforced
kaolin soil were cured for 28 and 90 days respectively. Compressive stress
tests were conducted on both mixtures, namely, SF40 ( Soil +40% fly ash) and
SFRO0.75 ( Soil+ 39.7% fly ash + 0.75% PP fibers) samples. Results drawn
from the tests revealed a drastic increase in Compressive strength for SF40
samples cured for 28 and 90 days, namely, 3680 kPa and 18500 kPa,
respectively. Whereas, the strength recorded by the control sample was only
190 kPa. Though a sharp drop was seen when approaching failure. The
addition of reinforcing Polypropylene fibers brought about a drastic
enhancement in failure mode for both of curing regimes.

Keywords: Soil stabilization; Polypropylene fibers; Alkali activation;
Compressive strength; Curing regime

Introduction

The use of fly ash-based geopolymers in the field of soft soil engineering
has made significant strides in the last ten years. The viability of using a fly
ash-based binder for soil remediation has been demonstrated in numerous
investigations. This research has demonstrated that using fly ash binders
increases the treated soils' stiffness and durability [1-7].
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Despite increasing the stiffness of the treated soil, alkaline-activated soils
have a very brittle failure mechanism. This is consistent with the outcomes
seen in soils treated with cement and lime, where the cementitious agent is
present in the form of ASH( Aluminum Silicate hydrate) or CSH ( Calcium
Silicate hydrate), respectively, leading to high strength values [8-11]. Due to
the soil's brittleness, a soil column that is exposed to seismic loads or lateral
earth pressures will crack and collapse under tension [12-13].

In addition, numerous studies have looked into how polypropylene fibers
affect the mobilization of tensile strength between soil particles that have been
cemented. These investigations have found that polypropylene fibers are
effective in preventing crack spread in concrete and cemented soils, resulting
in higher residual strengths [13-15]. Additionally, Elkhebu Ahmed et, al [16-
17] has developed a novel method to modify the ductility characteristics of
soft soil. In this case, soft soil and polypropylene fibers were combined while
being subjected to an alkaline activator. Compressive strength tests were
performed after the samples had been cured for 28 days. The conclusions
reached indicated a better ductile failure mode. The current study explore the
effect of prolonged curing time on strength development of treated soil. The
curing period was suggested to be 90 days to allow for the effect of
geoplimezation and polypropylene fiber mobilization on ductility and strength
evolvement.

Experimental Program

Material

Malaysia's Kaolin Company in Puchong/Kuala Lumpur provided the soil
that was used in the current investigation. As seen in Fig. 1, its reddish-brown
color indicates an undamaged platy structure. It is important to note that the
host soil does not lend itself to being used to create soil layers for building
since it has a low strength and a high plasticity index, making it a high-
plasticity clay according to ASTM D2487 [18]. Table 1 lists the clayey soil's
physical characteristics. Table 2 lists the fly ash's chemical composition as
determined by Energy Dispersive X-ray Fluorescence (EDXRF). The electric
power station (Kapar) Selangor supplied fly ash class F (Fig. 2). This
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precursor has a high alumina and silica content, which is expected to enhance
the alkaline activation processes, as can be observed from the chemical
analyses in Table 2.

Fig. 1. Host clayey soil

Fig. 2. Fly ash
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Table 1 Physical characteristics of host soil

Basic soil Stan Value
property dard
Specific gravity (GS) BS 1377-2 2.58
Liquid limit (LL) (%) BS 1377-2 73%
Plasticity index (PI) (%) BS 1377-2 30
OMC (%) BS 1377-4 30
3 -

MDD (Mg/m") BS 1377-4 1.3
UCS (kPa) BS 1377-7 190

Table 2 Chemical analysis of soil and fly ash

Constituent Natural soil Fly ash
(%0) (F) (%)
Silica (Si02) 38.622 42.873
Alumina 28.311 16.057
(AI203)
Iron oxide 26.854 20.559
(Fe203)
Calcium oxide - 8.888
(Ca0)
Potash (K20) 3.522 3.951
Titanium 1.972 2.949
Dioxide
(TiO2)
Sulfite (SO3) 0.406 0.751

In a recent experiment, Ahmed Elkhebu et, al [16-17] showed that effective

compressive strength values were achieved using 40% fly ash (by dry weight
of soil+fly ash combinations). KOH (Potassium hydroxide) pellets as
illustrated in fig.3 were supplied by R&M Chemical. According to Alsafi et, al

Copyright © GJT Al e Asal Al sine aolall 3 48s



O il g o glall Al agaal) [ A8l ol & Aaa
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- s 53 ¢ amlil) 2221

[19], the KOH (Potassium hydroxide) pellets were dissolved in distilled water
a day before testing to create a solution with a predetermined concentration of
12 Mol. Timuran Engineering Sdn Bhd Malaysia provided polypropylene
multifilament fibers (Fig. 4) for the purpose of reinforcing. Their tensile
strength, resistance to alkaline environments, and other details are listed in
Table 3. They are excellent candidates for soil enhancement because of these
qualities.

Fig. 3. KOH pellets

Fig. 4. Multifilament polypropylene fibers
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Table 3 Specifications of PP multifilament fibers

Properties Value
Length 12 mm
Mass (Denier) 15 denier
s . 3
Specific gravity 0.9 g/lcm
Aspect ratio Nil
E-Modulus 3500 N/mm2
Tensile strength 400 N/mm2
Tensile at break SN ;_)er 1000
denier
Elongation at break 15%
Chemical composition C-33%, H- 67%
Melting point 160 - 170°C
ACId- & a}lkallne High
resistivity

Provided by Timuran Engineering Sdn Bhd
Malaysia

1.1 Mixing method

According to Ahmed Elkhebu et, al [16-17], the clayey soil was mixed
with fly ash at a rate of 40% in order to achieve the fastest strength evolution
rate. To allow for alkali reactions and PP fiber mobilization, 28 and 90-day
curing periods were adapted. According to Ahmed Elkhebu et, al [16-17],
polypropylene fibers of 0.75 percent were also taken into account in this
study to enable optimal mixing and compaction. In order to guarantee a
uniform distribution, the fly ash was first put into the oven-dried soil and
carefully mixed. According to Ranjbar et al. [20], PP fibers were dipped in
KOH solution and added to the mixture to prevent mixing up and ensure
adequate dispersion. One should be aware that the interaction between KOH
pellets and pure water leads to heat development. KOH solution should
therefore be ready a day before testing operations. Sample type, curing
schedule, and compressive strength testing are displayed in Table 4.
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Table 4 Group series, Samples, Curing regime and Type of testing

Group Test Samples UCS test, curing
series number (days)+ Number
of tested
specimen
S S Natural Soil )
SF SF40 12MKOH + 28,90 (6)
40% Fly ash+ 60%
Soil
12MKOH +
SFR SFRO. 39.7% FA, 59.55% 28,90 (6)
8 S, 0.75%PP

Unconfined Compressive Strength

As previously indicated, to achieve the intended OMC and MDD,
according to Abdullah, Shain and Sarker [6], the cool KOH solution was
added to the soil fly ash mix at a preset optimal moisture level similar to that
of a 40% fly ash soil mixture. In the current studies, 26% of the combination
(soil plus 40% fly ash) is OMC. In other words, 260 mL KOH was applied to
1 kg of the soil fly ash mix, and further water was added to attain the
predetermined OMC by matching the KOH content. In the second series of
tests, polypropylene fibers were added to fly ash soil mixes at a solid content
of 0.75% by first being immersed in a KOH solution. The specimens are then
uniformly compressed in three equal layers in a cylindrical steel mold (50 mm
in diameter and 100 mm in height) using a manually driven 45 mm steel rod to
apply static stress brought on by 27 drops. The specimens were then tightly
wrapped in aluminum sheets and polythene covers to stop moisture loss. The
current investigation modified the 28- and 90-day room temperature curing
regimens used by Alsafi et al. [19] Pourakbar [21] and. It should be mentioned
that while polypropylene fibers are regarded as hydrophobic and do not
exhibit any attraction for water, their influence on the compaction parameters
is minimal. According to Malekzadeh and Bilsel [22] and Senol [23], their
impact is limited to a negligible MDD reduction rate. For all soil fly ash,
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polypropylene fiber combinations, a similar OMC to that of soil fly ash
mixtures is therefore implemented. A day before testing, all of the treated soil
samples were immersed in water to counteract the beneficial effects of
suction.

According to the established standard [24], the unconfined
compressive strength (UCS) measurement was done. For the sake of
repetition, three specimens were used for the UCS measurements, and
the findings were only acceptable if the difference from the average was
less than 5%. These tests were conducted on an Instron 3382 universal
testing machine that was equipped with a 100 kN load cell. Each test
yielded the whole stress-strain curve and was conducted under
monotonic displacement control at a rate of 1 mm/min. All specimens
were kept after shearing for subsequent mineralogical investigation.

Results and Discussion

The connection between stress and strain for combinations of S, SF40, and
SFR 0.75 is presented in Fig. 5. As can be shown, compared to the UCS of
190 kPa reported by host soil after 28 days, both alkali-activated and
reinforced alkali-activated soil showed a significant improvement in
compressive strength. For SF40 and SFRO.75, respectively, the compressive
strength values were measured at 3680 kPa and 6450 kPa. This result is
consistent with the findings of Cristelo et al. [1] and Tang et al. [25], who
reported that a ratio of 40% fly ash to soil and fly ash contributed to the best
compressive strength and that polypropylene fibers increased the strength
increment rate of the cemented soil matrix, respectively. Although the
incorporation of fibers increased residual strengths observed with fiber
content as much as 0.75%, indicating a more progressive decline after failure,
the failure mode recorded by SF40% was exceedingly brittle. Furthermore,
the alkali-activated soil samples cured for 90 days exhibited a major increase
in compressive strength marking a value of about 18500 kPa. However, the
failure mode experienced was brittle at a strain rate of only 1.1%. This was in
agreement with the results confirmed by Kamaruddin, et al. [26], after 90
days curing regime, observed a strength value of 10900 kPa for reinforced
soil treated with an alkaline activator. On the other hand with the inclusion of
fiber content of 0.75% the failure mode was improved recording a strain rate
of 2.2%, Though a reduction in strength, due to shrinkage porosity, was
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observed namely 13500 kPa. Nevertheless, this was two times greater than
that value recorded for SFRO.75 cured for 28 days.
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Fig. 5. Stress-strain behavior of natural soil, alkali activated-
and

alkali activated reinforced soil samples after 28, 90 days curing regime
Alkali-activated fly ash was added to the naturally clayey soil, and a

notable improvement was noticed. This explains why vitreous alumina on the
surface of the fly ash particle immediately dissolves and absorbs the
potassium hydroxide solution. In addition, a strong rise of 18500 kPa was
seen after 90 days, which is five times more than that value recorded by the
treated sample cured for 28 days. This was attributable to the existence of Si
species in the internal entity of fly ash and its accompanying poor dissolving
rate. Si bonds, therefore, control the increase in strength. These results
support the judgment made by Abdullah et al. [27]. For SF40 samples that
had been cured for 28, and 90 days, respectively, a corresponding strain of
less than 1% and 1.1% indicated that strength was approaching failure.
Therefore, polypropylene fibers were added to the pretreated alkali-activated
soil to enable increased residual strength and better post-peak tendency.
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The findings for the 28-day-cured reinforced sample showed a notable PP
fiber impact on the mechanical characteristics of the pretreated alkali-
activated soil. In other words, a considerable rise in the post-peak strength
was seen for the treated sample cured for 28 days as a result of the interfacial
link created between the latter and the soil gel matrix. Indicating that the
polypropylene fibers were successful in transferring the shear strength
between the soil particles to a tensile strength, which allowed for even higher
residual strength at strain rates greater than 1.5%, the matrix becomes
stronger as it approaches failure. These data concurred with Tang et al. [25]
conclusion that fiber inclusion and the compressive strength of cemented soil
exhibited a proportionate relationship. Although a reinforced sample that had
been cured for 90 days showed a considerably greater propensity toward
ductility of 2.3%, a notable drop in strength was detected, primarily because
of shrinking porosity between the fiber and the treated soil alkali matrix.
These findings are fairly consistent with those made public by Ranjbar et al.
[20].

Conclusion

From the results of this study, the following can be concluded:

e A great deal of fly ash impact on the compressive strength of SF40 was
observed. The samples cured for 28 days displayed a value of 3680 kPa. In
addition, after a prolonged curing regime of 90 days, a compressive
strength of 18500 kPa was recorded. This was due to the low dissolution
rate of silicate bonds that have built a cemented cluster with host soil and
Potassium hydroxide.

e The impact of prolonged curing regime of 90 days was obvious bringing
about a 500% strength enhancement rate when comparing to that of 28
days cured sample. However, with either a lower or higher strain rate, both
of alkali-activated soil mixtures indicated a sharp drop when reaching
failure.

e Throughout the 28-day curing regimens, a sharp increase in the strength
evolution of SFRO.75 samples was seen, with a strength increment rate of
1.8 times that of the pretreatment specimen. The interaction between
cemented clusters and PP fibers brought about an increase in compressive
strength. As a result, the peak value of the pretreatment specimen was
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nearly doubled. In a controversial finding, compressive strength was
decreased for SFRO.75 after a 90-day treatment. Due to prolonged curing,
it was expected that the porosity between the cemented clusters and
polypropylene fibers would diminish.

e The effectiveness of a prolonged curing regime of 90 days was incredibly
high. Nevertheless, this is not practical for engineering applications.

e A novel technique should be elaborated on how to speed up the
geopolymer reactions, thus allowing for field construction to be carried out
in a short-defined plan.
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EVALUATION OF THE HOURLY DIRECT
SOLAR, DIFFUSE AND GLOBAL RADIATION
INCIDENT ON TILTED, HORIZONTAL AND
VERTICAL SURFACES OVER TRIPOLI

Nouralddeen A. Aboud
Higher Institute of Engineering Technology, Gharyan. Libya.
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Abstract

This paper has evaluated the direct, diffuse, and global thermal solar
irradiance incident on tilted, horizontal and vertical surfaces over Tripoli city,
and what is the extent of the influence the slope angle, under suitable climatic
conditions on the basis of clear days and dust, dirt, trees and shading that have
a negligible effect. Where, the geographical location and climatic conditions
play a major role in improving the performance of solar systems. The study
includes simulation of three surfaces inclined, horizontal and vertical,
considering effect of solar radiation based on the clear sky. Results were
obtained using a mathematical model (ASHRAE Mode) developed utilizing
the programming language Fortran 90 on the basis of a presentation presented
in the form of graphs and patterns showing the monthly average of the hourly
direct solar, diffuse and global radiation incident on tilted, horizontal and
vertical surfaces and the direct solar radiation on tilted surfaces as function of
sloped angle (8) during the daylight hours for four independent months
January which represented wintertime, April represented springtime, July
represented summertime and October autumn time of the year.

Results show that the higher value of the hourly direct solar radiation for
the titled surface 35° was, 1025 W/m2 for the month of October, horizontal
surface, 911W/m2 for April, and a vertical surface, 791 W/m2 for January,
and with regard to the hourly diffuse solar radiation for titled surface 35°, 224
W/m2 for month July, horizontal surface, 118W/m2 for July, and a vertical
surface, 175W/m2 for April, also with regard to the hourly global solar
radiation for titled surface 35° , 1195W/m2 for month October, horizontal
surface 1001W/m2 for April, and vertical surface 917W/m2 for January at the
same conditions. Furthermore, the optimal tilt angle for direct solar radiation
in January almost was 55°, in April the optimal tilt angle was 10°, in July the
optimal tilt angle was 0° and in October, the optimal tilt angle is 45°. It can be
noticed from the results that the hourly diffuse solar radiation has a certain
value in the first hours of daytime and the last hours, unlike the beam solar
radiation; these signs are an evident significance with regard to the Solar
Radiation Calculations.  However, this study results are useful and
satisfactory; they can be applied in reality, with a view to using Photovoltaic
Systems to get the necessary electrical energy for the requested load supply.
Also, for purpose calculations of the cooling loads and the solar collectors’
performance.
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1. INTRODUCTION

The earth is receiving quite large amounts of energy in the form of solar
radiation almost average 8 x 10 W. This amount may exceed about 10000
times of the present world needs of the energy. For this reason, study and
estimation amount of the hourly total (global) solar radiation is very
important, since it quite useful for calculations of cooling load, solar
collectors’ performance and Photovoltaic systems. The solar radiation
incident on earth’s surface is not simple procedure; because it depends on a
lot of variables and the factors like the sun’s rays beyond the earth’s
atmosphere, the solar energy that diffuses within reason impact solar
irradiance with particles atmospheric air, the solar angles changes
simultaneously and local etc. Where, can't control amount the solar radiation
which reaches to earth's surface. That is why it is, changed continuously as
result for several effects the more important which called fundamentals Solar
Components.

solstice

= 8 )
1ua = 1.496 10% km solstice

Fall equinox

Figure (1) Maximum and minimum value of declination angle[4].
1.1. Basic Solar Components

Solar Constant (Ggc), the mean solar constant Gg is the rate of irradiation
on the surface normal to the sun’s rays beyond the earth’s atmosphere and the
mean earth-sun distance. Extraterrestrial radiation is given by (1) [5].

Gext = Gsc (1+0.33 cos {Z2-1) (1)

Where Gey: Extraterrestrial radiation and N is the day of the year and Gsc is
solar constant, 1367 W/m2.

Angle of incidence (8), the angle between the beam radiation on a surface
and the normal to that surface.
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cos @ =sindsin@cosf —sind cosPsinf cosy
+ cos & cos P cos S cosw + cos§sin@sinf cosy cosw
+ cosdsinfB siny sinw

)
¢ is the location latitude angle (in degrees) and § is the declination angle of
the sun (in  degrees) given by:

, N-81
§ = +32.45 sin (o x 360) (3)
N: The number of day in the year
sinag = cos § cos @ cos w + sin § sin @ 4)

as is Solar altitude angle .It between the horizontal and the line to the sun, that
is, the complement of the zenith angle.

w = 15°%(LST — 12) (5)

o is Hour angle The angular displacement of the sun east or west of the local
meridian due to rotation of the earth on its axis at 15¢ per hour; morning
negative, afternoon positive. As prescribed in Figure 2 [5].

Local solar time (LST) is given by the following relationship
LST=L1T+TC/, (6)

If daylight savings time, hours (DST) is in effect,

Local Standard Time = Local DST — 1hour {Daylight saving is on}

Local DST= local daylight savings time, hours

Where LT is the local standard time for the studied zone in hours and TC time
correction factor in munities is given by eq. (7):

TC = 4(L — LSTM) + EOT )

Where L geographical longitude for the studied zone in degrees and LSTM
represented the standard meridian for local time given by the following
relationship
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AT¢pr :The difference between local time of the studied area and Greenwich
Mean Time in hours

EOT : Equation of time in munities is calculated by eq. (9):

EOT =9.87sin2D — 7.53cosD — 1.5sinD

)
D: Constant magnitude and function of number of day in the year can be
expressed as eg. (10):
— 360 n
D=—— (N —-81) (10)

2. ASHRAE Clear Sky Model

The ASHRAE algorithm offers a simpler method, which is widely utilized
by the engineering and architectural communities [6]. The value of the solar
constant does not take into account the absorption and scattering of the earth’s
atmosphere. Several types of radiation calculations are most conveniently
done using normalized radiation levels, that is, the ratio of radiation level to
the theoretically possible radiation that would be available if there were no
atmosphere. For these calculations, which are discussed in next item, we need
a method of calculating the Global Solar Radiation on Horizontal, vertical and
tilted Surfaces.

At any point in time, the solar radiation incident on a plane inside of the
atmosphere is the normal direct solar radiation and the diffuse.

2.1. Radiation on tilted surfaces

The calculation of the radiation over a tilted plane requires determining the
sun position together with the slope and orientation of the tilted plane. The
plane angles are defined as follows (see Figure 2). f is the slope of the
surface, measured from the horizontal plane towards the equator. y the surface
azimuth angle and it measures the orientation of the surface from the local
meridian, east positive. ¢ is the angle of incidence of radiation, that is, the
angle between the normal to the surface and the sun earth vector.

Thus, the cosine of the incidence angle 6 between the sun beam radiation
and a surface tilted an angle g towards the equator, oriented in any direction v,
is given by [5]:
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cos g =
B
sindsin@cosf —sind cosPsinf cosy + cosd cos P cos f cosw +
cosdsin@sinfB cosycosw + cosdsinfsiny sinw (112)

For vertical surfaces, £ = 90° and the equation becomes

cosfy = —sindcos® cosy + cosbsin® cosy cosw +
cos  siny sinw (12)

For horizontal surfaces, the angle of incidence is the zenith angle of the
sun, 0= 0. Its value must be between 0° and 90° when the sun is above the
horizon. For this situation, § = 0, and Equation 2 becomes:

cosBy = sindsin® + cos$ cosPcosw = sinog (13)

Sun %:I’

/

—— Y Horizental
__,r;/"._ ., surface
Projection of the normal ¥ _ﬂ_,.,-—~“’
\ of the plane on an AN o
horizontal surface ‘__,,-—Fff
,.a—-"'/ ~ 5
- 'y
S

Figure 2. Definition of angles for the incidence of solar radiation
on a tilted plane [9].

2.2. Hourly Global Solar Radiation on Horizontal Surfaces (1G,)

Global solar radiation on horizontal surfaces can be measured with a
pyranometer, which is an instrument that measures global solar radiation from
all directions. The global solar radiation on horizontal surfaces can be
categorized as follows:

o Diffuse solar radiation (/F)
o Direct beam solar radiation (IB)
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Solar radiation on a horizontal surface is the sum of the horizontal
direct and diffuse radiation.

G, =IB + IF (14)
1G,= Global Solar Radiation, Btu/(hr-ft?) or (W/m?)
IB= Direct beam solar radiation, Btu/(hr-ft?) or (W/m?)

IF=rate at which the total diffuse radiation (reflected plus diffuse), Btu/(hr-
ft?) or (W/m?)

IF=1Id+]Ir (15)

Id = rate at which energy is diffused on to sky (isotropic sky), Btu/(hr-ft*) or
(W/m?)

Ir = rate at which Energy reflected from ground and surroundings (diffuse
reflection), Btu/(hr-ft?) or (W/m?)

e Normal direct irradiation

A

Ih=—>2 ¢ 16

EXP(Il-‘)'(L, sir?as) " ( )

oL = exp(—0.000184 H ) (17)
(0]

Ib = normal direct irradiation, Btu/(hr-ft2) or (W/m2)[3]
as = solar altitude
Cy = clearness number equal 1.0

:—Lz ratio between atmosphere pressure at the studied site and the standard
o

atmosphere pressure as function in altitude [8].
H = the altitude of the observer in kilometers

A=1158 [1 +0.066 cos (%)] (18)
B =0.175[1 — 0.2 cos(0.93N)] — 0.045[1 — cos(1.95N)] (19)

A = apparent solar irradiation at air mass equal to zero, Btu/(hr-ft2) or
(Wim2) [7].
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B = atmospheric extinction coefficient [7].

On a surface of arbitrary orientation, the direct radiation, corrected for
clearness, is:

IBg = Ib max(cos g, 0) (20)
IBy = Ib max(cos 0y, 0) (21)
IBy, = Ib max(cos 6y, 0) (22)

e Diffuse radiation

To evaluate the rate at which diffuse radiation Id strikes a non vertical
surface on a clear day, the following approximation can be made, (isotropic

sky).

* Device uses to measure the diffuse solar radiation power on surface

ld=c Ip (Z22E) (23)

Energy reflected from ground and surroundings is approximated (diffuse
reflection)

Ir = Iy py (F2F) (24)

Ir = rate at which energy is reflected on to wall, Btu/(hr-ft2) or (W/m2)

I,y = rate at which the total radiation (direct plus diffuse) strikes the
horizontal surface or ground in front of the wall, Btu/(hr-ft2) or (W/m2)

pg = reflectance of ground or horizontal surface is given 0.2 for dry bare
ground or agricultural [8].

Diffuse solar radiation incident on a non vertical surface,

IF=1d+Ir (25)

17 = [C (2228) + py (22E) (sinas + o) 1 (26)

Where C diffuse radiation factor can be calculated in eq. (26) [7].
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C = 0.0965 [1 — 0.42 cos (%)] — 0.0075[1 — cos(1.95N)] (27)
For a horizontal surface,
IFy = [C (@)] Ib (28)
For a vertical surface,
If cosfy, > —2
jd—V = 0.55 0.437 cos @, + 0.313 (cos 8,)? (29)
dH
Otherwise
If cosf, < =2
lv — 0,45 (30)
Iy
Id, =C Ib jj—z (31)
_ lay 1-cosf .
IF, = C 2t pg (=52F) sinp + )] 16 (32)

e Global Solar Radiation

Total solar radiation incident on a non vertical surface,

IG, =IB+1d +Ir (33)

IG,p = [max(cos 6y,0) +C (1+C205 B) + pyg (1_CZOSB) (sinag + C)] Ib (34)
For a horizontal surface

1Gey = [max(cos 0y4,0)+C (#)] Ib (35)

For a vertical surface,
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1Gey = [max(cos 6y,0) +C ;Z—Z + pg (#) (sinag + C)] Ib (36)

3. RESULTS AND DISCUSSION

This paper presents the simulation results obtained from the above
mentioned formulae for calculation of the monthly average of the hourly
direct solar, diffuse and global radiation incident on tilted, horizontal, and
vertical surfaces in Tripoli city as hourly values. They have been calculated
the amount of the monthly average of the hourly direct solar, diffuse and
global radiation incident on tilted, horizontal, and vertical surfaces through
the entire year for four independent months, which represent each of them the
four seasons January, April, July and October of the year of Tripoli city, and
also they have been calculated the amount of the direct solar radiation on
tilted surfaces as function of sloped angle () during the daylight hours for
every month, by using Fortran90 for carrying out the analysis.

The results depended on some assumptions that were adopted on the basis
of clear days and dust, dirt, trees, and shading effects had been negligible.
Calculation of the monthly average of the hourly direct solar, diffuse and
global radiation incident on tilted, horizontal, and vertical surfaces was
according to the geographic coordinates to Tripoli city which is located at
Latitude angle (¢) 32.9° ,longitude angle (L) 13.8°, height above sea level (h)
81m.

There are several commonly occurring cases for which Equation (10) is
simplified. For fixed surfaces sloped toward the south or north, that is, with a
surface azimuth angle y of 0- or 180 (a very common situation for fixed flat-
plate collectors).In this present study the studied surfaces are tilted (8) 0°, 35°,
90° from the horizontal and pointed (y) 0° south. Also have selected day-time
hours started from the sixth in the morning to the seventh in the evening.

Figure (3) depicts the relation between the monthly average of the hourly
direct solar radiation (ID) incident on tilted, horizontal, and vertical surfaces
in Tripoli city against the local time for several different surfaces tilted,
horizontal and vertical sloped toward the south for January month which
represents wintertime.

It can be observed that higher values of direct solar radiation are on tilted
surface, especially at midday-time. Unlike values the direct solar radiation on
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horizontal and vertical surfaces. Because of the tilted surface receives the
amount of solar radiation due to the effect of solar altitude angle (as) and
solar azimuth angle (ys).

January
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Locai time (hrs)

Figure (3) calculation of the monthly average of the hourly direct solar
radiation incident on tilted, horizontal and vertical surfaces in Tripoli city

On the other hand, it can be noted that values of the hourly direct solar
radiation are lower in the first hours of day-time (zero during sunrise) due to
the location difference of the sun towards the earth’s surface. i.e., the
influence of the angle of the incidence (0), therefore it can be said that
magnitude of the incoming rays from the sun is greater at midday-time about
12 AM for all the surfaces. The rays which pass through the upper
atmosphere layers cross it at a shorter distance in the noontide, and contrarily
the distance is longer during sunrise and sunset hours. So the sun’s rays are
exposing the absorption and dispersion by the atmosphere components.
Where can be watched that the direct solar radiation incident on the vertical
surface is higher than the direct solar radiation incident on a horizontal
surface and these values agree exactly with the reference [3].

Variation of the hourly direct solar radiation incident, ID (the monthly
average) on tilted, horizontal, and vertical surfaces against the local time of
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Tripoli city for the month of April which represents springtime is shown in
Figure (4), where it can be noted that values of the direct solar radiation
incident on vertical surface significantly reduced about by 50% from January
to April and rose of the horizontal surface about by 50% from January to
April. While that values remaining nearly constant on tilted surfaces. The
reason is due to reducing Extraterrestrial solar radiation. Furthermore, change
the declination angle (8) from a positive value to a mining value which leads
to an increase in the incidence angle (0). Also, it can be noticed that values of
the direct solar radiation incident on two surfaces tilted and horizontal are
convergent.
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Figure (4) calculation of the monthly average of the hourly direct solar
radiation incident on tilted, horizontal and vertical surfaces on April in Tripoli
city

In figure (5) presents the variation of the hourly direct solar radiation over
Tripoli city on local time starting from the sixth in the morning to the seventh
in the evening with several various surfaces tilted, horizontal and vertical
pointed (y) 0o south for month July that represents summertime. Where the
hourly direct solar radiation almost linearly increases in the first hours of day-
time, especially, tilted and horizontal surfaces are more, until it reaches a
maximum at noon time then it decreases gradually.

The hourly direct solar radiation turns at a certain value of noontide, this
means that the effect of solar altitude angle (as), solar azimuth angle (ys), and
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variation of the declination angle (8) from 23.45° to -23.450 results in the
decreasing of the incidence angle (0).

It can be observed that relatively reduction in the solar radiation of the
vertical surface, this result in changing the Zenith angle (6z ) according to the
sequence of day in the year. Where a remarkable change is noticed with
regard to the Zenith angle (6z) values in the summer season are about from
650 in the morning to 150 in the noontide. l.e., in July, before 12 noon, the
sun moves from the northern half to the southern half of the sky which means
that the south vertical surfaces will receive less direct solar radiation,
especially in the first hours and the last of the daytime almost is nonexistent.
This is comparable almost until for tilted surfaces according to inclined
angles. The solar radiation on the inclined and vertical surfaces during this
period (the first hours and the last of the daytime) consists of diffuse solar
radiation and reflected solar radiation only. This shows the importance of
having a good model for these components.
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Figure (5) calculation of the monthly average of the hourly direct solar radiation
incident on tilted, horizontal and vertical surfaces on July in Tripoli city

Figure (6) illustrates the amount of monthly average of the hourly direct
solar radiation incident on tilted, horizontal, and vertical surfaces in Tripoli
city for the month of October which represents autumn time. It is evident that
the hourly direct solar radiation value of the tilted surface almost is constant
relative to all year seasons except summer is less relatively. Moreover, it can
be said that the hourly direct solar radiation values of the tilted surfaces for
four seasons have recorded higher values and should be taken into account the
values during design relative to all solar systems. Also can be noticed that
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values of the hourly direct solar radiation incident on two surfaces horizontal
and vertical are very convergent relatively.

Figure (7) shows the monthly average of the hourly diffuse solar radiation
(IF) incident on tilted, horizontal, and vertical surfaces in Tripoli city against
the local time for several different surfaces tilted, horizontal and vertical
sloped toward the south for January month which represents wintertime.
Where, have selected day-time hours started from the seventh in the morning
to the fifth in the evening .It can be noticed a reduction in the hourly diffuse
solar radiation rate of the horizontal surface, in the same time convergence
values of the diffuse solar radiation incident on tilted and vertical surfaces.
Further, the values parities of the hourly diffuse solar radiation of the
horizontal surface along day-time period. However, an increase and decrease
of solar radiation betweenwhiles determine the extent of energy economy and
consumption.
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Figure (6) calculation of the monthly average of the hourly direct solar radiation
incident on tilted, horizontal and vertical surfaces on October in Tripoli city
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Figure (7) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on January in
Tripoli city

Calculation of the monthly average of the hourly diffuse solar radiation
incident on tilted, horizontal, and vertical surfaces in Tripoli city versus the
local time for several various surfaces tilted, horizontal, and vertical pointed
(y) 0° south for month April which represents springtime is shown in Figure
(8). It can be seen evidently that the hourly diffuse solar radiation incident on
tilted, vertical, and horizontal surfaces are increasing according to the series
of days in the year then decreasing after midyear, furthermore, the values
parities of the hourly diffuse solar radiation of the horizontal surface along
daylight hours. This indicates that the diffuse solar radiation has a certain
value, unlike the beam solar radiation can't have value during the daytime
because of the effect of directions and variation of the solar angles, that is, the
position of the sun relative to that plane can be described in terms of several
angles.
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Figure (8) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on April in Tripoli
city

Figure (9) presents the relation between of the monthly average of the
hourly diffuse solar radiation in Tripoli city against the local time for several
various surfaces tilted, horizontal, and vertical sloped toward the south (y) 0o
for July month that represents summertime.. Here it is observed that the
maximum value of the diffuse solar radiation at midday. l.e. the solar
radiation increases until it reaches a maximum at noon time then it decreases.
Where it can be said that the tilted surfaces play a significant role in receiving
the bundle of the rays with high values when compared with its Successors of
the horizontal and vertical surfaces in receiving the rays. It is also noted that
the amount or values of the diffuse solar radiation during sunrise and sunset
hours are bigger relative to sunrise and sunset hours of the direct solar
radiation, that is, for all seasons. Therefore should be taken into considering
account diffuse radiation, to get peak value which gives the global solar
radiation.
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Figure (9) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on July in Tripoli
city
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Figure (10) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on October in
Tripoli city
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Figure (10) shows the monthly average of the hourly diffuse solar
radiation (IF) incident on tilted, horizontal, and vertical surfaces in Tripoli
city against the local time for several different surfaces tilted, horizontal and
vertical sloped toward the south (y) 0o for month October which represents
autumn time. Where one can see decreasing radiation intensity, these results
confirm the strengths and weaknesses of our yearly calculation very clearly.
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Figure (11) calculation of the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces on January in
Tripoli city

Global solar radiation incident on tilted, horizontal and vertical surfaces
consists of ground reflected, diffuse, and direct radiation .certainly; here we
know that global solar radiation received by an inclined, horizontal and
vertical surfaces is summation for these rays. Figures (11), (12), (13) and
(14), respectively ,present the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces in Tripoli city for
month January, April, July and October that represent the four reasons, viz,
the whole year. Global solar radiation was calculated, maximum values for
month January for a cloudless sky were over 1058 W/m?, 639 W/m? and 917
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W/m? for tilted, horizontal and vertical surfaces, respectively, month April
were over 1175W/m?, 1000 W/m? and 568W/m? for tilted, horizontal and
vertical surfaces, respectively, month July were over 1033W/m? 982W/m?
and 352 W/m? for tilted, horizontal and vertical surfaces, respectively, and
month October were over 1195 W/m?, 847 W/m? and 847 W/m? for tilted,
horizontal and vertical surfaces, respectively. These values completely agree
with the results shown in reference [3] for two surfaces horizontal and vertical
sloped towards south (y) 0°.
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Figure (12) calculation of the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces on April in Tripoli
city
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Figure (13) calculation of the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces on July in Tripoli

city
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Figure (14) calculation of the monthly average of the hourly
global solar radiation incident on tilted, horizontal and vertical
surfaces on October in Tripoli city
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The value of ground reflected radiation increases with the increase of the
inclination angle (B). For this reason, the lowest value of ground reflected
radiation is 0° angle and the highest 90° angle for the whole year. The value
of diffuse radiation always decreases with the increase of inclination angle ()
owing to the value of scattered and reflected radiation on tilted surface
decreases. That is why; the highest value of diffuse radiation is 0° angle and
the lowest 90° inclination angle, for all months of the year. In this present
study, the value of beam radiation relies upon various inclination angles and
the highest value of beam radiation is found on the optimal tilt surface. Figure
21 shows the variation of beam radiation for various inclination angles (p).

One can notice that optimal tilt angle refers to such an angle for which the
value of solar radiation on that surface becomes the highest. In January,
almost the optimal tilt angle is 55°. In April, the optimal tilt angle is 10°.In
July, the optimal tilt angle is 0°. In October, the optimal tilt angle is 45°.

The optimal tilt angle mainly depends on Sun’s declination and latitude. In
this study, when the sun’s declination increases from December solstice to
June solstice, then the value of optimal tilt angle decreases. This is evident in
Figure 15 for the month of January, the optimal tilt angle is 55°, in April; the
optimal tilt angle is 10° then for month July, is 0°. After the June solstice the
declination decreases and the value of the optimal tilt angle increases. Where
is increasing from 0° in July to 45° for month October.
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Figure (15) Variation of beam solar radiation for various inclination angles
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4. CONCLUSIONS

In this present study, the simulation results have been obtained by a
developed computational model using Fortran90, which gives the prediction
of hourly terrestrial solar radiation incident on tilted, horizontal, and vertical
surfaces: direct beam, diffuse and global. Where, the same parameters were
modeled for inclined, horizontal, and vertical surfaces. Thus, an important
tool for building and solar thermal systems design, simulations, and
performance assessments has been developed. The predicted hourly solar
radiation incident was compared for tilted, horizontal, and vertical surfaces
with each other locally in Tripoli city.

The effect of tilt angle and orientation on the incident solar radiation
fluxes are presented along with optimum surface tilt angles and directions for
maximum solar radiation collection in the area. This information is useful
when a simple solar collector is to be installed without a tracking system. In
general, surfaces tilted toward the East and the West have similar trends and
the trend is almost the same for other tilt angles. Here, for the surface tilted
towards the South, in the period April and October, the effect of tilt angle on
the received global solar radiation is positive. However, the tilt angle has a
more significant effect in April and October and relatively less in January and
July. The results of this study were summarized more below:

1- In general, the research work reported in this paper will help in increasing
the level of knowledge relating to solar radiation on horizontal and tilted
vertical surfaces and estimate the solar energy potential for practical and
efficient utilization in Tripoli city.

2- The effect of the solar radiation incident on tilted is the largest with regard
to the  solar radiation incident on horizontal and vertical surfaces,
therefore advised to utilize tilted surfaces.

3- The total solar radiation increases for two surfaces horizontal and inclined
whenever moved us with time from winter, spring, summer then autumn
season. Unlike that the total solar radiation decreases for vertical surface
as result of decreasing or increasing of solar angles.

4- The highest value of total solar radiation is recorded for inclined surface
in October.

5- Diffuse solar radiation plays vital role in increasing energy during day-
times especially in the morning the first hours and in the evening the last
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hours of daytime, also is available relative to another directions North,
South, West and East. Unlike the direct solar radiation.

6- For horizontal surfaces, compared with April, the direct solar radiation
during month January, July and October are lower. The maximum direct
radiation is reached at a tilt angle of 0o is 911 W/m2 for month April.

7- The results presented in this paper are quite useful for quick estimation of
solar radiation for calculations of cooling load and solar collectors’
performance.
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