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Sudanese Poetry Between Globalization and Identity Preservation
(1950 -1990AD)
Dr.Eman Abdel-Rahman Altarafi
Abstract:

This study examines the impact of globalization on Sudanese po-
etry from 1950 to 1990, highlighting how global cultural transforma-
tions influenced Sudanese poetic production and its interaction with
Western literary movements. The study employs a descriptive-analyti-
cal approach to observe patterns of engagement between globalization
and Sudanese poetry, exploring aspects of renewal and influence from
world literature while focusing on the role of media and international
organizations in shaping poetic trends during this period. The study
aims to: analyze the impact of globalization on Sudanese poetry in
terms of form and content; explore the extent to which Sudanese poets
were influenced by global literary currents; examine the role of media
and international organizations in transmitting and shaping poetic
trends; and assess the extent to which Sudanese poetry has maintained
its uniqueness and cultural identity despite global influences. The study
builds on previous research addressing the development of Sudanese
poetry and its interaction with modernity, such as Hamza al-Malik Tam-
bal’s work on the call for national literature and Ahmed Okasha Ahmed
Fadl’s study on the evolution of Sudanese poetry in the era of modern-
ization. This research adds a new dimension by analyzing the cultural
and economic impact of globalization on the development of Sudanese
poetry, providing a more comprehensive perspective on the balance be-
tween modernization and authenticity in Sudanese poetry. The study
concludes that globalization has created new opportunities for Suda-
nese poets to explore modern artistic and literary forms, contributing to
the evolution of Sudanese poetry in terms of artistic structure and ex-
pressive techniques. Sudanese poetry has been influenced by Western
literary schools, particularly Symbolism and Expressionism, which
have shaped its themes, making them more connected to global and
humanitarian issues. The Sudanese poetic identity has faced challenges
due to external cultural influences, prompting some poets to seek a bal-
ance between authenticity and innovation. Media and international or-
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ganizations have played a crucial role in disseminating new poetic
trends, accelerating cultural interaction between Sudan and the global
literary scene.
Keywords: Globalization, Sudanese poetry, cultural identity, poetic
modernity, Western influences, media and culture.
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The role of electronic audit in reducing bank risk
(An applied analytical study in banks operating in Damazin city2020AD)
Dr. Nahid Ibrahim Elagaar
Dr. Rudwan Elnile Kunda
Abstract:

The study addressed the role of electronic auditing in reducing
credit risk in banks. The aim of the study was to identify the role of
electronic auditing in reducing credit risk in banks operating in Damaz-
in City, to understand the types of credit risks faced by banks, and to
highlight the impact of electronic auditing in mitigating these risks. The
study sought to provide results and recommendations that would assist
in the implementation of electronic auditing in Sudanese banks. The
study also focused on helping bank managements fulfill their key role
in facing the challenges and issues related to credit risk management.
The main research problem was: Is there a relationship between the
application of electronic auditing and the reduction of credit risk in
banks?The study followed a descriptive analytical approach to analyze
the ideas, opinions, theories, and methods related to auditing in general,
and electronic auditing in particular, based on research, studies, and
books. The study found several results, including: Banks operating in
Damazin City adhere to international standards of electronic auditing,
particularly in training and qualification programs for auditors. Elec-
tronic auditing in banks leads to an increase in the efficiency and effec-
tiveness of audit procedures in general. The auditor’s report in electron-
ic systems is more sufficient compared to traditional methods. The
researchers proposed a set of recommendations to help implement elec-
tronic auditing in the banking sector, such as: The need for audit offices
in Sudan to adopt computer-assisted auditing systems in government
institutions to save time, effort, and reduce costs. Additionally, it is im-
portant to maintain hardware and protect software to prevent any mal-
functions that could disrupt operations. Therefore, there must be a com-
prehensive plan with procedures that ensure the safety of equipment
and software from any risks, loss, or theft.

Keywords: Electronic Audit, Banking Sector, Bank Credit, Bank Cred-
it Risks, Traditional Audit.
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Freedom for the Muslim Brotherhood
(Critical Analytical Study)
Dr. Najla Saad Al-Subait
Abstract:

This study deals with the subject of freedom for the Muslim Broth-
erhood in a critical analytical point of view, as freedom is a right guar-
anteed for all according to the controls, foundations and rules of infor-
mation necessarily, and Islamic law has been concerned with the matter
of personal freedom and the freedom of the group, and it worked to lay
the foundations and rules for it, and the importance of the study stems
from its highlighting one Among the important topics related to the
Muslim Brotherhood throughout its long history, the study followed the
critical analytical approach, which is one of the important curricula that
1s appropriate for such studies in order to reach a number of results and
recommendations, the most important of which are: Freedom is a right
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guaranteed by Islamic law for all according to the foundations and con-
trols of the individual governing and Society, the multiplicity of areas
of freedom in Islam, and therefore Islam is interested in it and one of the
most important recommendations that the study came out to work on
conducting more studies and research on the Muslim Brotherhood’s vi-
sion of freedom, working to manage a scientific debate on the concept
of freedom in Islamic societies and seeing these societies to the com-
mand of freedom and the extent of their contribution to growth And
their societies developed.
Key words: freedom, the Muslim Brotherhood, Islamic groups, fields
of freedom, freedom and enjoining good and forbidding evil.
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The role of monetary assets movement in achieving competitive advantage
(A field study on companies listed on the Khartoum stock exchange2024AD)
Dr. Abdelrhman Omer Ahmed
Ola Osman Mahmoud
Abstract:

The study examined the role of movement of monetary assets in
achieving competitive advantage. The problem with the study was to
know whether the movement of monetary assets has a role in achieving
competitive advantage. The study aims to identify the monetary assets
analysis and their effectiveness as a tool to achieve competitive advan-
tage for companies listed on the Khartoum Stock Exchange.The study
used the analytical approach to collect data and information from finan-
cial managers working in Khartoum Stock Exchange. The study reached
several results including: having a fixed cash ceiling available on a reg-
ular basis throughout the financial year has helped companies achieve a

02025 guigs-11446 d224ll 93 - Hgeuyilly il 2aell- digiw g_uoo_‘u.Bo.Lo.Lcro_;la.”ob.o



(02024aulloll §ljgill pglnyall §guus dayrall CulSpinll nle dsilawo dalja Jasussliill 8 jaoll Gadai o &adill Jgndl a4y joa

competitive service advantage ,verifying the correctness of debtors in the
company’s balance sheet has led to the advantage of forming competitive
products, the study recommended that the necessity for companies listed
on the Khartoum Stock Exchange to adopt the application of cash assets
analysis, follow up on the implementation of internal control methods
over debtors, and qualify accountants,administrators, and all parties ben-
efiting from achieving the advantage of competitive products .
Keywords: Movement of monetary assets, Receivables, Competitive
advantage. )
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The confusion between the meanings and concepts of the Arabic language and its dialects,
and the distinction and selection of the Quraishi dialect.

A.Mohammed Altom Ahmed Ibrahim
Dr. Mohamed Alamin Hussein Ibrahim
Abstract:

Arabic is a cornerstone for students of Arabic and humanities it is the key to knowledge
and the pathway to education, It is through Arabic that all grammatical phenomena and syntac-
tical clues are explained, Therefore the title of this study is: “Confusion of Meaning and Concept
between the Arabic Language and its Dialects The Distinction and Selection of the Quraishi

Tongue” The study defines language and dialect and differentiates between them, It highlights
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the distinction and preference of the Quraishi dialect over other dialects and then discusses the
people of Arabia and their homeland, The importance of this study lies in the fact that Arabic is
the language of creativity and innovators and its importance is magnified because it is a human
phenomenon that organizes thoughts and arranges ideas, It is the face and title of the nation’s
progress and the crown of its appearance within it lie dialects which are tribal linguistic branch-
es reflecting the culture and cultural heritage of its people, The researcher adopted a historical
descriptive analytical approach believing it to be the most suitable, The study reached several
results the most important of which are: The Arabic language has many tongues sometimes
called melodies and sometimes dialects, the Quraishi dialect is the chosen and selected one, The
function of the Arabic language is understanding and comprehending the things surrounding
people, Arabic is the language of the Quran some of its features affirmed by Arabic poetry and
prose, From what has been shown we recommend further studies on the origin and future of the
language as it is the language of the Holy Quran; research on the dialects their origins and caus-
es and further study on dialects, their origins and causes.
Keywords: Language, Dialect, Tool, Censured, Function
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Adequate housing availability in Al-Jazeera State — Sudan
(the case of a single shelter in Wad Madani city)
(1956-2021 AD)
A. Walid Abdel-Baqi Ahmed Mohamed
Prof. Alfadil Ali Adam
Abstract:

The importance of the study lies in studying housing projects with
all their current components and analyzing them in terms of meeting the
requirements of the targeted segment of society and comparing these
housing projects with humanitarian, social and economic standards.
This study addressed some questions and hypotheses, namely: Has the
emergence of the idea of housing projects and its applications in the
states of Sudan succeeded in providing shelter for the weak and low-in-
come groups? Has public housing achieved all the requirements of life?
To achieve this, the researcher followed the descriptive and analytical
approach through the first source: the research literature (through inter-
national experiences and scientific papers. The second source: Ques-
tions and hypotheses were raised and tested through a random sample
of the study community¢« Then the results and recommendations were
reached. The study reached the most important results and recommen-
dations, which are:We found that most of the residents in these places
are tenants for several reasons (displacement, high rents in the city, etc.)
and that a percentage of the properties they resorted to to solve a prob-
lem at the time. We also found that the highest educational level is for
those who hold a Sudanese certificate. Therefore, it is necessary to pay
attention to providing educational opportunities in both its aspects (ac-
ademic, technical and vocational) in order to combat poverty and even
advance a civilized society. « We found that a large segment of the pop-
ulation are married, which requires setting annual indicators to monitor
the rate of population growth versus increasing the share of public ser-
vices, reconsidering all standards related to housing in terms of area,
density and horizontal housing ratios in the field of urban housing in
accordance with natural, economic and social standards, recommend-
ing the provision of new residential lands in the state by expanding the
basic designs of the states in a manner consistent with the specific actu-
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al need. When designing housing and residential complexes, it is neces-
sary to take into account the preservation of culture and traditions and
strengthening religious belief, national identity and social cohesion.
Then we conclude by setting indicators for future studies:Measuring
beneficiaries’ satisfaction with the quality of citizens” housing services,
coordination between government agencies in providing public servic-
es in Sudan, electronic transformation of government services in Su-
dan, conducting economic studies specific to the field of investment,
including housing investment, as there is a deficiency in understanding
the economic aspect of producing housing units.
Keywords: Housing, low-income, public housing, human settlements,
single shelter.
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Frequency Table:-

—z sy ssaall
Table(1)
Sl g 55
Frequency Percent ‘Walid Percent Cunmulative Percent
Valid e 29 349 349 349
s 53 63.9 63.9 988
ral 1 1.2 1.2 100.0
Total 83 100.0 100.0
Sl GSs O 3SHay Sl e T£,9% Lol el OSus O 5SBay GlSull G 1T, 995 O Gupsiie) Jyaall
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Table(2)
X
Frequency Percent Walid Percent Cumulative Percent
Valid P 57 638.7 68.7 68.7
) 26 31.3 31.3 100.0
Total 83 100.0 100.0
LYY ALS 3 Y A G ot a5 TAVOG ALS e B S (S pSA A o) (e 00e ) J g2l
exd
AL
68.7
SS3 =
52023)-91)[5 C,«PL:J‘ .>|J..Cl)
Table(3)
astal) (g nmall
Frequency Percent Valid Percent Cumulative Percent
Valid Byl 13 15.7 15.7 15.7
) 7 8.4 8.4 24.1
s 44 53.0 53.0 77.1
s 19 229 229 100.0
Total 83 100.0 100.0
S BN alea A, £94 Gad JB1 L o, + 04 Ay 300 Sale 2 alea an SISl el (5 e el ) G 3300 ) Jsanll
atlaill (g gioedll
mYalals
53.0
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Table(4)
e
Frequency Percent Valid Percent Cumulative Percent
Valid 25-35 s 9.6 9.6 9.6

36-46 18 21.7 3y 313
47-57 33 39.8 398 71.1
58-68 20 24.1 24.1 95.2

690+ S=) 4 4.8 43 100.0
Total 83 100.0 100.0

| £,A% 45 a5 T e ) (5 ghse JB Ly 9,005 4iest Al 31 (5 g Mo d a OV E VA el (5 e ) s 332 Jg2all

el
TR M
39.8
21.7 . 241
9.6 A
ro_ye £ ev-ty TA-SA T e S
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Table(5)
felday Al
Frequency Percent Valid Percent Cumulative Percent

Valid TaM 65 78.3 783 78.3
s 3 3.6 36 819
dey 15 18.1 18.1 100.0
Total 83 100.0 100.0
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Table(6)
o e 318 S
Frequenc; Percent WValid Percent Cumulative Percent
WValid 1-2 2 2.4 2.4 2.4

3-4 16 19.3 19.3 21.7

5-6 32 38.6 38.6 60.2
Tope S 33 39.8 398 100.0
Total 83 100.0 100.0

LY E9 B V) A1 Y A% J8 A V-V L LS G YL ARG B W1 1AV 43 et oA ¥ O ST A8l O e 3300 ) J saadt

RPN I I ey
39.8
_— 38.6
19.3
2.4
Yoy v e V e S
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Table(7)
N
Frequenc; Percent Walid Percent < 1 Percent
Walid Aaalins i A 13 15.7 15.7 15.7
plan 12 14.5 14.5 30.1
35 Sl 33 39.8 39.8 69.9
e 22 26.5 26.5 96.4
oF 3 3.6 3.6 100.0
Total 83 100.0 100.0

Lo O O Sl OIS e 7195 L 3 Jlee ! Aaga OaSh TR, A% O 31 gl (g gheaddl O S 33ke ) J gandl

el (5 sl
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Table(8)
s
Frequency Percent Valid Percent Cumulative Percent
Valid 50.0000+ y<I 11 13.3 13.3 13.3
80.000 27 32.5 32.5 45.8
100.000 31 37.3 37.3 83.1
= 325150.000 14 16.9 16.9 100.0
Total 83 100.0 100.0
SO, YO, Jh e, e e S R0 JB Lk YVLTO% Jie Ve e e e ala s el Jas Lol O G 33 Jsanll
ol Jadl
m VAL
325 37.3
13.3 16.9
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XL
s bl yodl
Zi AN saalt
Table(1l)
S 55 ol On £ gl Lagd S il

Frequency Percent WValid Percent Cumulative Percent
Valid Sl Al sl 75 0.4 904 204
a el Lalo Y Gl 5 6.0 6.0 964
il S el 3 3.6 3.6 100.0

Total 83 100.0 100.0

OSaall laa 55580 ASall e T, 196 Laizs GSaall aidall an ol Galal e GSall 1aa 550 SISl Ga Ve £96 O O 53kl Jganll
sl (s ppalS Galad) e

90.4

Gl e 5 oSl G gl 130 S et

[ IAELR
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3.6
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Table(Y)
talial M Aake ik Ja
Frequency Percent Valid Percent Cumulative Percent
Valid ad 82 988 988 98.8
¥ 1 12 1.2 100.0
Total 83 100.0 100.0

01 sk G e OISl G ), V% Ly aedlaliind Qaud goa 31 asbisa (o 53lal Gl (3a SN O iy sie) ol
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Table(™)
e a5 e
Frequency Percent WValid Percent Cumulative Percent
Valid g=3 68 819 81.9 81.9
] 15 18.1 18.1 100.0
Total 83 100.0 100.0
iy J 3R daglasd o)) (a0 W ISl e VAL Y96 Lay ilalfin W oy 300 daalasS ) 0 Sl e AV, %6 O Cmatie) Jpasdl
KERE |}
S pul Clalgial ol )il daslass Ja
[ RET™S
81.9
I
aet ¥
£(2023) -pule CaUl slue)
Table(£)
Aullall Eialtalt il (g — ke pa - i ) OSanall Sl giae JA
Frequency Percent “Valid Percent Cunmilative Percent
Valid s 12 145 14.5 14.5
b 71 85.5 855 100.0
Total 83 100.0 100.0

G AS 0% Laiy el Cllalia V1 b (s — ciala e - oS 2 ) GSull (6 5ima GV O3 CASwll e 1 £.996 O Cun sEe) Jpaal
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- OBl e - () OSucell G i da
P TP T TS M gy
[ RELW™
855
oy ¥
£(2023) Eoll slas)
Table(=)
Rall el £ g5 ga La
Frequency Percent Walid Percent Cumulative Percent
WValid Al L5 ga 82 98.8 98.8 98.8
R — 1 1.2 12 100.0
Total 83 100.0 100.0
_Aosasa JSLa gesdion SISl e 1. V%% Lais dlda il o O geadies LS e TAAYS O CrusSAe) Jgaall
Gl e La
- YaLdL
98.8
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Table(V)
B et
Frequency Percent | Valid Percent Cumulative Percent
Valid I e e 83 100.0 100.0 100.0

Wl s i 8 g 3l e ) parsion ISl e V4 09% O SDke) Jgaal)

I

s i) JIS
[ PESTEC

100.0

1

£(2023) - sle Wl Slas]

Table(Y)
i ciliale bl i o
Frequency | Percent | ValidPercent | Cumulative Percent
Vahid pad H 530 530 530
) 39 470 470 100.0
Total 83 1000 100.0
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Table(M)
k5 B A Laait Cistall g alEh GEa aDl Ja
Frequency Percent ‘Valid Percent Cunmilative Percent
WValid and 16 193 193 193
o 67 80.7 80.7 100.0
Total 83 100.0 100.0

3 Il 5SSl OV G Sl Ge A V9% Ladas alEEl 5 Saloladl 2550 SRl ) Oy Sl Ge) 1.T72% O Gzu sBie ) Jsaall
LA La Ty agiash

o8 Aae e W1l sllEsl GSadl 550 Ja

R 80.7
-

19.3

At P

£(2023) -pule CaUl slue)

Table(%)
Aagaid g g Sl B b
Frequency Percent Valid Percent Cumulative Percent
Valid i 16 193 193 193
b 67 807 80.7 100.0
Total 83 1000 100.0
g A0Sl 0 g Y ISl e e, V9% Ly s il G 3 g0 (Kl 0 050 ISl 00 14,79% ) Qi sk e
Ao paill G
Yapasl gup K e
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Table() ~)
S B i il Sada Ol el B A
Frequency Percent WValid Percent Cumulative Percent
WValid o 10 120 12.0 120
ki 73 88.0 88.0 100.0
Total 83 100.0 100.0

5 el Jaad O Gy ¥ OISl e AN, %% Latn ndlie Coilplaaill o elill daed O O ASaal) Gre VY, 2 %% O G sic) Jgandl

i Slplazall
e Aanaiiead Clashazall |, SUAl ey Ja
e
= 88.0
- e
£(2023) -gusle Ll Slus)
Table(")
G g s
Frequency Percent Valid Percent Cunulative Percent
Valid s s ja el S+ ila 20 349 349 349
ada ja el S + cla 51 614 614 96.4
i+ e 3 36 36 1000
Total 83 100.0 100.0

O 09 T Sl a7, 1% Ly (s ja el S+ a) Sl 35 3 gl Cllanill ) 5 Sl 0 1Y, 896 O cprihe) J o)

(Pl + o) (Rl 85 i sl
Rl 3 e clansll a
m VL
61.4
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Table() Y)
ASiShens Jals Gla¥) 5 A o o5 A S0
Frequency Percent Valid Percent ive Percent

Valid o 36 43.4 47.0 47.0
sl (e 41 49.4 458 928
e o aiall s i 5 6.0 6.0 98.8
g 12 12 100.0

Total 83 100.0 100.0
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Democratic and Constitutional Experiences in Sudan
(problems and challenges)
A.Mohammed Saeed Humad
Abstract:

The reasons for the failure of democratic and constitutional expe-
rience in Sudan . This research aims to know the reasons that led to the
failure of democratic and constitutional experiences in Sudan and how
to tackle them through presentation, observation and scientific analysis
.Followed the analytical descriptive approach in writing this research .
The most important results that came out of this research are : The rea-
sons for the failure of democratic and constitutional experiences in Su-
dan are lies in the political parties, especially traditional parties and
military coups .The democratic was not mature, neither from the parties
nor from the Sudanese people, because the political parties themselves
were not democratic within them, so they practiced exclusion of the
other. Democratic were a form, but in the real essence, it was practicing
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chaotic civil dictatorship. the most important recommendations .The
reform of political parties and end to the militarycoups in Sudan .And
that is through the refomulation of these parties in terms of ideas and
organization and rasing political ignorance by education, also the for-
mulation of a new generation that leads the parties in a scientific and
unconventional manner. These parties must review their positions from
the other and the practice of seslf-criticism and benefit from these expe-
riences by holding a constitutional conference for all the spectra of all

sudanese people in which the constitution that they want decided.
Key words: Democratization, Constitution , Legitimacy, Revolution ,

Civilization
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The Relationship Between Six Sigma and Total Quality Costs in
Improving the Efficiency of Healthcare Services in Private
Hospitals in Damazin City, Blue Nile State — Sudan 2024AD
Monera Muststafa Hassan
Dr. Rudwan Elnile Kunda

Abstract:

The study addressed the relationship between Six Sigma and Total
Quality Costs in improving the efficiency of healthcare services in pri-
vate hospitals. The research problem was formulated as follows: To
what extent is Six Sigma applied to quality costs in private hospitals,
and how does Six Sigma contribute, along with total quality costs, to
improving healthcare services? The aim of the study was to analyze the
concept of Six Sigma in improving quality and reducing errors in pri-
vate hospitals, study the total quality costs and their impact on cost
management and performance improvement, and explore the relation-
ship between the implementation of Six Sigma and total quality costs in
improving healthcare services. The significance of the study lies in en-
riching the literature related to total quality costs and Six Sigma appli-
cations in hospitals and providing practical recommendations that pri-
vate hospitals can adopt to improve the quality of healthcare services
and reduce costs.The study followed a descriptive-analytical approach
to examine the relationship between the two variables and analyze sta-
tistical data related to the application of Six Sigma and total quality
costs. The study concluded the following results: The integration of Six
Sigma and total quality costs leads to a reduction in quality-related
costs; the implementation of Six Sigma results in customer satisfaction
and process efficiency improvement; the application of Six Sigma im-
proves customer satisfaction by enhancing the quality of healthcare ser-
vices; and training employees on Six Sigma contributes to improving
performance, service quality, and cost reduction. The study recom-
mended that healthcare institutions adopt Six Sigma as part of their
continuous improvement strategy and provide intensive training pro-
grams for employees and healthcare staff on how to implement Six Sig-
ma. It also recommended establishing integrated performance measure-
ment systems in private healthcare institutions to monitor employee
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efficiency and promote a quality culture among the medical and admin-
istrative staff in healthcare institutions
Keywords:Six Sigma, Total Quality Costs, Healthcare Service Effi-
ciency, Cost Reduction, Private Hospitals.
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Abstract

This study aims to study the factors that affect the graduate
employability of the information systems in Sudan, the author
carefully from the literature review selected five factors as depen-
dent variables which are Analysis Skills (AS), Business Skills
(BS), Computer Skills (CS), Programming Skills (PS), and Quali-
fication Education and Training Skills (QETS), and one single
variable as dependent which is the Graduate Employability (GE).
The methodology used by the author followed a quantitative meth-
od to conduct the study quantitative data was collected from 161
respondents purposively, and PLS was used for the sake of analy-
sis, which is done in two stages, the first stage was to validate the
variables as a construct using HTMT technique, and the second
stage is the process of evaluating the model itself using SEM ap-
proach to test the hypothesis of the dependents variables against
the independent variable.The findings analysis has shown that the
selected factors (AS, BS, PS, QETS) have a positive significant
effect on the GE, while the factor CS, is having no significant im-
pact.This study threw a stone on graduate employability, which
will help other researchers to conduct more research to reveal oth-
er factors affecting graduate employability in Sudan.The study
will help graduates to have the required skills that are needed by
the industry which will let them practically get employed shortly.
after rigorous investigation, the author can confirm that this is one
of the few pieces of research that tackle the issue of the Manage-
ment Information System’s graduate employability in Sudan.
Hence, the door now is open to other research tackling other sub-
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jects and other fields of study that in the end will lead to better
production and better economic situation.
Keywords: Graduate Employability, Information Systems, Skills
Development, PLS-SEM Analysis, Sudanese Labor Market.
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1. Introduction:
the rapid technological change and COVID 19 changed the
way work is done, and they become a driving force that enforce
institute to look again to what are the most important and relevant
employability factors that should be considered (Djankov et al.,
2019).
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Data science, Artificial Intelligence, and so the process of the
management of these information systems will take a vital role in
today world.(Zhu et al., 2021)

Competency life cycle is not living longer as used to be pre-
viously due to the rapid change of technology (Zhu et al., 2021).

So changing to online work and due to emergent of Artificial
Intelligence, many employees will feel unsecure and many stu-
dents will be in need to have new skills to adapt and finding an
employability chance.

Unemployment and underemployment become an issue af-
fecting not only developing countries but also its an issue strategi-
cally for developed country and that is why need to be addressed
and raised through a high policy making level (Ayala Calvo &
Manzano Garcia, 2021).

Some universities strategically start to recognize themselves
as graduate employment maker beside their roles of teaching, re-
searching and providing services to their communities. (Pereira et
al., 2020).

One of the university obligation towards their students is to
prepare them with the knowledge skills and competencies that
qualify them to produce an innovative solution to their communi-
ties and their potential customers, that is why those universities
should prepare those students to become an entrepreneurs having
the required practical capabilities, but in the same time its not ex-
pected for all those students to become an entrepreneur, so that is
why those students at least should have the skills that allow them
to get an entry job level (Mainga et al., 2022).

Universities looking for recognitions through publishing sci-
entific research paper, but also they can get this recognition through
their ability to provide employable graduates that have the enough
skills and competencies to get enrolled in job (Teichler, 2019).
Universities to stay competitive need to make more investigation
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regard graduates employability to get adapt to new economic cri-
sis and COVID 19 pandemic.

Universities should realize that, it’s not enough only to focus
on student’s marks and degrees to provide them a better opportu-
nity for their life future career, they should focus on the skills and
competencies that make them able to be employed (Scott & Willi-
son, 2021).

Tackling and solving graduate’s employability it’s not just an
issue should be solved from the perspective of the employers or
the only from the perspective of the academician in their laps in-
side their universities but the they should be considered by the
student themselves as a main stakeholder (Clarke, 2018).

Despite the fact that the responsibility of the student’s em-
ployability is distributed between the university and the students,
but recently the majority of research tend to rely more on the stu-
dents to find ways to get employed in the first instant (Cheng et al.,
2022).

So this research focus on the student’s perspective, because
there’s many studies showed evident that students are aware
enough about their employability chances and what is required for
them to get enrolled in an entry level job (Dolce et al., 2020).

So despite the necessity to include the perception of the stu-
dents on their main issue of their employability by themselves, but
there’s a few research take to their consideration and their (Hig-
don, 2016).

Students perception to be included and consider is become
very crucial, because the university is not the only opportunity for
those students to get employed, and the student can work inde-
pendently toward finding employability opportunities to them-
selves (Ergilin & Sesen, 2021).

Significance of the study:
There’s many reasons for tackling the subject of students
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graduate employability, but one of the most important reason is:
the growing and leveraging up the economics of developing coun-
tries through providing skilled labor according to the need of the
market, and specially now the economic is shifted from traditional
economic to the economics of knowledge (States, 2020).

Second, emerging of technology, internet, and the globaliza-
tion, make the world as small village where the skills of the labor
should be up to the international standards as possible, where there
should be an standard framework of a scientific model to deter-
mine what skills those students graduates should study and pos-
sess when they get graduated to get a higher chance to get em-
ployed in the local or the international market (Abdurakhmanova
et al., 2020).

Third, university need to be sure whether they are up to date
or not regard competencies and skills that they are giving to grad-
uates students through the curriculum to match the desire and the
need of the employers in the labor market (Uddin, 2021).

Fourth, yes competencies and skills of graduates should
match the international standards, but it should be contextualized
to the local need of the country, and those graduates are graduated
on first place to serve the local community and to enhance the
economy of their country and that is why is very important to lo-
calize the employability standard for each country separately (Lam
& Tang, 2021).

So despite of the reality that the employer play the main role
on the process of hiring those graduates students, but also the indi-
vidual actions rely too much on their perceptions and their choice
(Soares & Mosquera, 2020), that is why this study is going to ex-
amine the factors that affect the employability of management in-
formation systems graduates in Sudan. The study also contributes
to the literature by showing the readiness of the Information Sys-
tems graduates in Sudan, and their perception toward being em-
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ployed after the graduation through determine the factors that af-
fecting their employability.

So, the aim of this study was determining factors that affect
students graduate to get employed.
2. Literature Review :

2.1Graduate Employability

Graduate employability refer to the graduate ability to show
and possess his/her acquired knowledge and skills to get an entry
level job after the finishing the university (Chen, 2017). If these
skills are relevant and practical then the employer will be more
happier and have a bigger desire to provide a job that can satisfy
the both side. The process of employment can be affected by two
main factors, external factors which represent the market demand
the economic situation of the country, while the internal factors
represented on the form of skills that possessed by the graduates
themselves like their interpersonal skills, technical skills and team
working skills (Guilbert et al., 2016). Some researchers define the
employability skills by the following skills and traits that can make
the graduate more competitive and more attractive to the employ-
ers on the market, and these attributes and skills are include your
ability to be social and having good personal attitude, as well as
being able to demonstrate your leadership style, your communica-
tion skills and to which extend you are able to work in harmony
with the team and being able to collaborate (McQuaid & Lindsay,
2005).

Factors that affect the employability of graduates are differ-
ent and are tackled by many authors and still some new factors are
evolving, one of those authors who identify the factors that affect
the graduate employability is Weligamage, which he determines
seven factors that employers giving them a very high priority and
classified as vital, the first factor is the communication skills (CS),
and respectively the second one is general knowledge, personality
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(PE), computer and IT skills (CIS), verbal communication skills
(VCS), realistic experience and educational background (Weliga-
mage & Siengthai, 2003). But when it comes to Paddi, another
factors and skills have been added, like analytical skills (AS), crit-
ical thinking and IT skills (Paadi, 2014). And also more employ-
ability factors have been added by Liyanage, which are logical
thinking (LT), dedication to work, communication and IT skills,
management skills, positive attitude (PTD et al., 2016). While the
academic performance of the students is important, but it’s not the
only factor that help students to build their future career, and other
skills like soft skills and the practical experience also need to be
exist to give the graduate a higher opportunity to get hired by the
employer (D.G.M.S. JAYASINGHA, 2020). Many factors have
been mentioned by previous studies; however, this study focus on
six important factors that help information systems graduates in
Sudan to get employed which are graduate employability (GE) as
dependent variable, programming skills (PS), analysis skills (AS),
business skills (BS), computer skills (CS), and leaning, education
and training skills (LETS) as independent variables.

2.2Analysis skills (AS) and graduate employability (GE)

Your analysis skills are a personal trait that reflect your abili-
ty to analyze and understanding problems to suggest suitable solu-
tion, as it mentioned by Potgieter and Coetzee, it’s a personal char-
acteristic that distinguish one person from another depending on
his/her ability to analyze, think, and interact with others providing
good and logical thinking and good attitude or behavior (Potgieter
& Coetzee, 2013). Being able to have the enough personal and
analytical thinking trait is one step ahead toward being able to get
employed in the market according to an empirical studies have
done among students asking them about their perspective one what
factors that consider important to them to qualify them and make
them employable (Qureshi et al., 2016). so according to all these
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previous studies, the research makes the analysis skill factor as
one of the employability factors that help management informa-
tion systems graduates in Sudan to get an entry level job, so the
following hypothesis is supportive:

H1. AS can positively and significantly affect GE for Sudanese
graduates of management information systems.

2.3Business skills (BS) and graduate employability (GE)

Business skills refer to modules that normally taught in busi-
ness schools like Marketing, Accounting, Supply chain manage-
ment, etc. (Andrews & Higson, 2008). but also refer to how the
graduates are going to deal and perform in the industry and to
which extend they are able to perform a business-oriented tasks
like preparing contracts, developing proposals and dealing with
customers. So, however and according to justification mentioned
above, this study considers the business skills as one skill that
qualify the graduates to get an entry level job.

H2. BS can positively and significantly affect GE for Suda-
nese graduates of management information systems.

2.4Computer Skills (CS) and Graduate Employability (GE)
Computer skills is very crucial factor that help graduates to
secure a job, at least most of the interviews and job tests are done
online which is require the potential employee to have the mini-
mum knowledge of computer to deal with the basic entry level job
skills, but an study done by Weligamage found that the computer
skills are very important and the respondents gave it a high rank on
their assessment (Weligamage & Siengthai, 2003). But now a days
and specially after COVID 19 and with the emergent of the artifi-
cial intelligence and the necessity to analyze data, the need for the
computer skills is definitely got higher, and here in this study the
author refers to computer skills to skills that are related to comput-
er that can offer the graduates a job, like designing, development,
or data analysis skills. So, according to what mentioned, this study
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considers the computer skill are one of the important factors that
help graduate students to get an entry level job in the information
system industry.

H3. CS can positively and significantly affect GE for Sudanese
graduates of management information systems.

2.5Programing Skills (PS) and Graduate Employability (GE)

Programing skills is an skills that demonstrate student’s tech-
nical skill to act and deal with computers and software, as it men-
tioned by Mansour and Dean it’s about student ability to gain and
acquire new tools, techniques and approach that help them to
demonstrate their ability in practical manner (Mansour & Dean,
2016). so technical skills or programming skills as a form of tech-
nical skills is very vital in the process of handling business prob-
lems and that 1s why it consider as one of the factors that attract
employer towards the potential employees to get hired by them
and providing them good offer and good opportunities.

H4. PS can positively and significantly affect GE for Suda-
nese graduates of management information systems.
2.6Qualification, Education and Training (QET) and Graduate
Employability (GE)

Qualification, education and training is important factor that
help student graduates to get hired and employed if they are qual-
ified enough and get their education in proper way that match the
expectation of the employers and the real need of the market. But
unfortunately some research criticized the way most of business
schools are teaching their students, saying that: those schools
mostly focus on the content and the discipline rather than focusing
on the real need of the market and instead of giving students small
problems from their life, they are only focusing on giving them
concepts and theories, which is after a while make a separation
between the students and the reality, make them more conceptual
than being more practical to satisfy the expectation of the employ-
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ers as well as the expectation of the students themselves (Long-
more & Grant, 2018). According to previous statements, the pro-
cess of education, if it’s delivered in a way that put the students on
the center of the learning process and make it the learning more
practical, taking the flavor of training, then the student will be
qualified enough to get an entry level job. And that is why in this
research the factor of qualification, education, and training consid-
er an important factor to be investigated in this study.

H5. QET can positively and significantly affect GE for Suda-
nese graduates of management information systems.

2.7 Theoretical Model
This exploratory study involves five independent variables
(IV) and one dependent variable (DV) showed in the following

diagram.
Independent Variables
Business Skills (BS)
Programming skills (PS) Graduate
Analysis Skills(AS) Employability
Computer Skills(CS) Dependent Variable

Qualification, Education and Training
(OET)

3. Research Method:

The study adopted exploratory quantitative approach, and the
literatures about employability and graduates has been reviewed
thoroughly for the sake of developing and formulating hypothesis
to predict factors that affecting graduate employability in Sudan as
a developing country, variables and its measures has been stab-
lished also, then a conceptual model has been designed to test the
relations between these factors and the employability as a depen-
dent variable.
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3.1  Data collection and sample

This study has been conducted through distributing self-ad-
ministered questionnaire to final year graduate students of man-
agement information systems at Sudan University for Science and
Technology which is a public university, as well as final year grad-
uate students of Ahfad University for Women, which is a private
university, both of these universities have relatively similar curric-
ulum, similar teaching approach, and almost most of the staff of
AUW are teaching in both universities using same references. The
questionnaire has been designed electronically using donkey web-
site, so during the design process the researcher put some rules and
criterial that enforce each respondents to answer all questions to
avoid missing data or incomplete responses, then the link has been
shared with all the students in their personal and academic
WhatsApp and Facebook groups, for all the final year students
which their numbers are 120 from SUST and 51 from AUW, from
the first time the researcher received only 90 responding, but after
a close follow up with the students directly and through their
groups, the researcher got 110 respondents from SUST and 51
from AUW. To avoid any potential bias due to data collection, the
researcher was very careful and followed all possible criteria and
guide line given by Podsakaoff (Podsakoff et al., 2003). To ensure
that all data are have a high degree of quality, for example the re-
searcher inform all the respondents that: their name and their iden-
tity will remain confident and even they are free to mention or hide
their names, also they have been told to be frank as much as pos-
sible because these data it will be used to enhance the employabil-
ity process in the future for the coming students.

3.2Measures and variables

The study took the employability as the dependent variable
and then the literature has been examined to come up with the five
independents variables with their measures, which those depen-
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dents variables are Business Skills (BS), Analysis Skills (AS),
Programming Skills (PS), Computer Skills (CS), and Qualifica-
tion, Education and Training (QET). Then the questionnaire has
been designed to measure each variable separately, five Likert
scale has been used in the questionnaire with the value 1 given as
strongly disagree and 5 as strongly agree.

The first three measures of this study, BS, AS, and PS, has
been identified from the Australian report containing framework
that used specifically to measure the skills that information system
users should have, this framework called Skills Framework for the
Information Age (SFIA), the first variable (BS) has been measured
through questions regard your ability to develop a contract, pre-
pare a proposal, and documenting customers data, while the sec-
ond variable (AS) has been measured through questions regard
project management, suggesting solutions, and project manage-
ment skills. While the third variable (PS) concern by skills like
student ability to develop data bases, and writing codes (Shankar-
araman & Gottipati, 2016), while the variable CS which contain-
ing the skills that information system graduate should possess as a
career in the industry has been measured through set of skills de-
termined by the contribution of group of six experts from the in-
dustry through an interview, Those skills are your ability to devel-
op a web application, android application, analyzing and managing
data, and developing Enterprise Resource Planning (ERP) sys-
tems. The fifth variable QET has been measured using literature
found on the frame work issued in The Journey to Employment
report, with the specific questions regards your experience, train-
ing, and learning style like, have you been involved in a real proj-
ect, or have you been in a training in a related company (Copps &
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Plimmer, 2014). Last variable is the employability; the dependent
variable has been measured through questions regard your ability
to work with the team, your ability to communicate efficiently, and
your ability to solve problems. All the employability measures
have extracted also from the literature (Hossain et al., 2019).
3.3Data analysis technique

Partial Least Square (PLS) as a technique has been used for
this study and the Structural Equation Modelling (SEM) has been
used as a methodology to test the hypothetical model and to test
the relation between the variables for the sake of predicting the
dependent variable which is the employability. PLS is a very ap-
propriate for this study because the sample size is relatively small
(161), but this size is suitable to predict the dependent variable
(Information & Chin, 2013). So to fulfill the objective of the study
and according to methodology has been adopted in this study ac-
cording to the data and information mentioned previously, the
SEM is the most appropriate method to be used for the sake of
analyzing the collected data to give most accurate results (Ringle
etal., 2014).
4. Analysis and Interpretation:

4.1Demographic Characteristics

Table 3 shows the demographic of the participants which is
consist of 161 participants, 47.2% of them are male and 52.8% of
them are female. While 34% of them got excellent, 44.7% got V.
Good, 26.7% got Good and 7.5 of them got pass. And when we
come to their universities, we will find 29.2% of them from AUW
and 70.8 of them from SUST. Finally, all the participants from one

special
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ization which 1s Information Systems.

Demographic Variables Category Arithmetic Number %

Gender Male 76 47.2
Female 85 52.8
Total 161

Degree Excellent 34 21.1
V.Good 72 44.7
Good 43 26.7
Pass 12 7.5
Fail 0 0

Universities Ahfad 47 29.2
SUST 114 70.8

Specialization Information 161 100%
Systems

Table 1 Demographic characteristics of the participants: Source:
Demographic component of the Questionnaire (Author 2023)

4.2Normality of Data
Data in Table 4 has no any skew more than 1.0 which is indi-
cate its normally distributed and can be subjected to further analy-
sis to be conducted for the structure model and the measurement
model and this fact is stated by sposito (Skarpness, 1983)

Stan-
Medi-  Scale  Scale Ob- Ob- dard Excess  Skew-
Name Mean . served  served . .
an min max . devia-  kurtosis  ness
min max .
tion
Gender 1.528 2 1 2 1 2 0.499 -2.012 | -0.113
University 1.292 1 1 2 1 2 0.455 -1.161 | 0.924
Specialization 1 1 1 1 1 1 0 NaN | NaN
GradYear 2018.037 2020 2002 | 2023 2002 | 2023 4.446 0.637 | -1.165
Degree 2.205 2 1 4 1 4 0.857 -0.519 | 0.308
) piigaygaies 3.491 4 1 5 1 s| 1201 -0.388]-0.716
tionDevelopm
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Stan-
Medi- Scale  Scale e Q5= dard Excess  Skew-
Name Mean 3 served  served . ,
an min max . devia- kurtosis ness
min max .
tion
G_IOSandAn-
droidDevelop- 2.255 2 1 5 1 50 1197 -0759 | 0.615
ment
G UIUXDesign 2.776 3 1 5 1 5| 1365 -1.352] 0.027
& i 3.472 4 1 5 1 50 1246 -0.796 | -0.528
ysisandDesign
& Ly icionns 2.385 2 1 5 1 50 1231 -0937| 0459
Development
G_DataAnalysi-
sandDataMining 2.733 3 1 5 1 5 125 | -1.196 | 0.114
Iy i 2.764 3 1 5 1 50 1156| -1.023| 0.132
ProjFollowUp
AU EAHS 3.255 4 1 5 1 s| 1197|0779 | -0.482
ment
e 3.118 3 1 5 1 50 1208 -1.097 | -0.106
deling
ELRIINEICIE 3273 4 1 5 1 s| 1226]  -087]-0455
sign
P_Programming 3311 4 1 5 1 50 1196 | -0.765 | -0.489
LESIELID S 2137 2 1 5 1 s| 106] 0075| 0828
velopment
7 IDEREEIDG: 2.646 2 1 5 1 50 1233 2107 | 0261
sign
P Testing 2.665 2 1 5 1 5| 1195 | -0.907 | 0.343
) BESE 2.658 2 1 5 1 50 1242 -0984| 036
neering
B_Information-
ContentAuthor- 2.602 2 1 5 1 50 1176 -0785| 0399
ing
e 2.87 3 1 5 1 50 1305| -1.185| 0.058
inceDesign
L6} IR S R~ 2.764 3 1 5 1 50 1229 -1.026| 0258
search
B_SalesSupport 2.938 3 1 5 1 5 1.359 -1.314 | 0.009
18, B - 3.236 4 1 5 1 50 1259 -1.024| -0.38
ment
£ (Cuigirt 3.161 3 1 5 1 s| 0 126| -1.178]-0.196
cation
E_TeamWork 2.491 2 1 5 1 50 1132 -0.631] 0503
i—;r"blems"lv' 2354 2 1 5 1 s| 1024| -0.166| 0575
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Stan-
Medi-  Scale  Scale o o dard Excess  Skew-
Name Mean . served  served . .
an min max : devia-  kurtosis  ness
min max i
tion

T_ProjectBased- 3.087 3 1 5 1 5| 1306| -1.135]-0.179
Learning
T TrendingTools 2.652 2 1 5 1 5 1.227 -0.906 | 0.366
T Technical-
TeachersToSelf- 2.957 3 1 5 1 5 1.238 -0.99 | -0.056
Learner
T TrainingA-
tReleventOrgani- 2.702 2 1 5 1 5 1.351 -1.173 | 0.359
zation
T_GraduatesAre- | 168 2 1| s 1| s| 1222] -0315| 0829
Ready
S_Universi-
tyEnterpriseCol- 4.571 5 1 5 1 5 0.809 7.243 | -2.541
laboration
S_SubjectRelat-
edToMarket 2.689 2 1 5 1 5 1.242 -1.055 | 0.256
S_GoodLaps 2.888 3 1 5 1 5 1.323 -1.192 | -0.036
PELxeR s 4.565 5 1 5 1 s| os47| 8318|2743
Related
S_Participating-
InCurriculum- 4.205 5 1 5 1 5 1.058 0.738 | -1.245
Design
S_EncourgingEn- 4478 5 1 5 1 5| 0926| 4587 -2.183
terpreneurship
S_Qulify-
ingTecherPrac- 4.547 5 1 5 1 5 0.877 6.067 | -2.428
tically
S AppNew-
ToolsInCurric- 4.683 5 1 5 1 5 0.726 9.926 | -2.971
ulum

Table 2 Normality of the data Source: Structural Equation
Modelling (Author 2023)

1.1Validity and reliability of the items included on the survey

instrument
When we have many items combined together to build a con-
struct, then we should examine those items, and one approach to
check the validity of this construct we apply convergent validity,
and the researcher concern will be about measuring the extent
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those items are really representing the construct The question
1s how we can assess this convergent validity for this construct and
according to Hair too, it will be through Composite Reliability
(CR) (Hair, 2009).

Variables No of Items
Analysis Skills (Independent)

Business Skills (Independent)

Programming Skills (Independent)

Computer Skills (Independent)

(O 10 o ) T Y ~ N O 5 T =

Qualification, Education, and Training
(Independent)

Graduate Employability (Dependent) 4
Table 3: Number of items under each variable on the survey
questionnaire:

Source: Survey instrument by the author 2023

The result shown on (Table 4) of factors loading for all items
passed the minimum value which is 0.7, which is referring to the
quality of the measurement model and its items that reform all the
constructs (MacKinnon et al., 2008). The values showed by the
study reveal that the minimum value is 0.716 and maximum value
15 0.882, so all the values already exceed the minimum value which
1s 0.7.
From another side when we come to analyze the concept of reli-
ability (internal consistency), Cronbach alpha consider one of the
known methods, and here the value of alpha should exceed 0.6,
and its ranging form 0.702 as a minimum value to 0.881 as a max-
imum value, and here we consider the data and the questionnaire
is reliable, and this criterion is suggested by Nunnally. And ac-
cording to the result shown on the Table 2, then we can say the
data are reliable, and each item is internally consistence and have
enough degree of reliability (Nunnel et al., 1994). Convergent va-
lidity was acceptable because the average variance extracted (AVE)
was over 0.5. The results for reliability and validity along with the
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factor loadings for the items ae presented in table 1. Discriminant
validity was assessed by heterotratit-monotrait ratio of correla-
tions(Henseler et al., 2015), with values below the threshold of 0.90.
Hence , discriminant validity is established (see Table 5).

: Cron’— Corppgsite Average variance
peadings lz(;l;: re(iﬁl:il;;y extracted (AVE)

Analysis Skills 0.774 0.855 0.595
(AS)

Al 0.792

A2 0.804

A3 0.729

A4 0.761
Business Skills 0.881 0.913 0.678
(BS)

B1 0.771

B2 0.807

B3 0.839

B4 0.831

BS 0.869
Employability 0.817 0.53 0.716

Skills (ES)

El 0.67

E2 0.846

E3 0.822
Computer 0.852 0.491 0.796
Skills (CS)

Cl 0.673

C2 0.712

C3 0.763

C4 0.754
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Geer- gt Average variance
Loadings | bach’s reliability
Al 6 6) extracted (AVE)
C5 0.752
Programming 0.82 0.536 0.744
Skills (PS)
P1 0.812
P2 0.694
P3 0.861
Qualifications, 0.851 0.538 0.803
Education, and
Training (QET)
QET1 0.795
QET2 0.824
QET3 0.816
Table 4 Loading, Reliability, and Validity (Author 2023)
Pro- Qualifi-
. . Com- Em- cation,
Analysis Business uter lov- gram- Educa-
Skills Skills o POY" | ming |
Skills | ability . tion and
Skills .
Training
Analysis Skills
Business Skills 0.667
Computer Skills 0.790 0.666
Employability 0.866 1.030 0.761
Programming | g5 0737 | 0.860 | 0.921
Skills
Qualification,
Education and 0.631 0.541 0.731 | 0.499 | 0.702
Training

Table 5 HTMT Ratio (Author 2023)
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4.3Structural Model Assessment

Following the assessment of the measurement model, the
next step is the valuational path for the evaluation of path coeffi-
cients (relationships amongst study constructs and their statistical
significancy.
H1, H2, H4, HS5 evaluate where analysis skills, business skills,
programming skills and qualification, education, and training are
significantly and positively affecting graduate employability. The
results revealed that AS, BS, PS, QETS have a significant and pos-
itive impact on graduate employability with P value ranging from
0.001 as a minimum value and 0.025 as maximum value as shown
in table 6. Hence H1, H2, H4, H5 was supported.
H3 evaluate where computer skills, significantly and positively af-
fecting graduates’ employability. The results revealed that CS has
insignificant impact on graduate employability. Hence H3 is not

supported.
Hypothesis

mean Standard deviation T statistics P values

BS -> GE 0.611 0.058 10.571 0.000

PS -> GE 0.178 0.076 2.397 0.017

Table 6 Direct Relationships (Author 2023)
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B_Inf._.oring B_M...earch B_Sa...ering B_Sa...pport B_Us...esign

a
0.000

v x
P_D...esign 0.000_0-000 0-000 g poo

b 0.000
P_Pr...ming < 0.000"
P 0.000

P_Testing Programming Skills Business Skills

A_Ap_eling 0.017 0.000
L=
0000
A_So..esign,
*-0.000. E C_ication
0.000 d
A_Us. ment ™t 0.001 0.000
0.000 0.000-®E_Pr_olving
el Analysis Skills 0.000
A_Us_.wUp N i
Employability (S I/G-A T
G_A.._pment 0.429

0.025

G_D..ining  0-000

- 0.000

G_|O.._ment #-0.000
P 0.000

G_UI_esi =
- on - 0.000 Computer Skills
G_W__lopm i Finm i and ini
Qual'ﬁc?ﬂ,ﬂﬂﬂ’ Education IﬂmmTramlng

0.000

T_Pr._aming T_Te amer T_Tr _Tools

The Figure 2 Structural Model (Author 2023)

results of mean values and standard deviation of the student’s
skills on the following table showed how students are far from
being employed by their potential employers according to the lack
of skills which they gain from their academic education, the skills
of QET showed the minimum on the table, which is 2.4, while the
AS were the best which is 3.5.

Constructs Items Median Standard deviation

Using App for Projects Follow-up 3 1.16
User Requirement 4 1.20
Analytical Skills (AS) | App Modeling 3 1.20
Software Design 4 1.20

3.5
Safety Engineering 2 1.24
Information Content Authoring 2 1.18
) ) User Experience Design 3 1.30
Business Skills (BS) _Marketing Research 3 1.22
Sales Support 3 1.36

2.6
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Constructs Items Median Standard deviation

Programming 4 1.20
Animation Development 2 1.06
Programming Skills (PS) Database Design 2 1.23
Testing 2 1.20

2.5
‘Web Application Development 4 1.20
10S and Android Development 2 1.20
UI UX Design 3 1.37
Computer Skills (CS) Business Analysis and Design 4 1.25
Application Development 2 1.20
Data Analysis and Data Mining 3 1.25

3

Project Based Learning Style 3 1.31
Trending Tools 2 1.23
Qualifications, Education Graduates students are self-learner 3 1.23
and Training (QET) | Training At Relevant Organization 2 1.35
Are student graduates ready? 2 1.22

2.4
Self-Management 4 1.26
Communication 3 1.26
Employability Teamwork 2 1.13
Problem Solving 2 1.02

3.7

Table 7Means and Standard Deviation of all constructs items
(Author 2023)

4.4 Assessment of measurement properties

To analyze the data, two phases has been implemented, firstly
Partial Least Square (PLS) has been used to examine the data that
concern with the validity and reliability of the constructs (mea-
surements) and their observed indicators as well as the structural
models themselves, while the Structural Model has been used to
assess the relation between variables themselves like the relation
between employability as a dependent variable and other skills
factors as independent variables.
Assessment of the measurements model involve the examining of
the internal consistency, and both of the validity of the construct’s
items, convergent validity and discriminant validity (Risher, 2018).
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In this study and before check the hypothesis, internal consistency,
reliability, convergent validity, and discriminant validity have been
checked and assessed, and then the hypotheses have been tested.
And for testing reliability and internal consistency, the composite
reliability technique is used, also convergent validity has been
used to assess the overall construct items all together in conver-
gent through using Average Variance Extracted (AVE) metrics,
and the value of AVE should be 0.5 to show that at least the item is
measuring 0.5 of the item variances.
5. Discussion of Results

The investigation of this study showed that all the variables
have a positive effect on the graduate employability of the man-
agement information systems graduate in Sudan, however four of
them (AS, BS, PS, and QET) have a high effect on the graduate
employability (GE) while CS have no significant effect on the
graduate employability, which is the major result found by the fol-
lowing author. (Guilbert et al., 2016), (Chen, 2017), (Potgieter &
Coetzee, 2013), (Andrews & ngson 2008), (Mansour & Dean,
2016), (Longmore & Grant, 2018). On the other side and against
to the opinion of (Wehgamage & Siengthai, 2003), the CS is not
significantly supporting the employability as a main factor, and
most probably due to the deep technicality associated with this
factor by the author, the author clarifies the CS as a very technical
skills which is not very common to most of the employer.
6. Theoretical and Practical Implications

This study shed a light on the necessity of taking the subject
of information systems graduate employability more seriously in
Sudan, and put more focus on embedding the students them selves
as a part of the process which the university. Still more studies
need to be conducted tacking more factors and exploring more
areas and fields of studies. More over this study can help students
to have more focus on what is required by the industry as well as
giving some clues to the university staff to give more tension to-
ward having a good mutual relation with the business sector in a
very interesting mutual benefit that can lead to the interest of both
of them.
7. Limitations and further scope

On of the limitation that need to be addressed by this study is
the population, this study covered only two universities in Khar-
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toum, but it will be better to cover more universities for the sake of
generalizations. The second limitation is the skills themselves can
be more abroad by covering the most needed skills that required
by the industry, because this study only focused on the skills need-
ed by the industry for the entry level, but it can cover more senior
level. Another limitation is the area that it covered in Business,
which is the Management Information Systems, but it could also
be broader to cover other areas like Marketing, Human Resources,
etc.

There for the researcher believe that more studies still need to be
conducted regards the employability issue, and researcher can
make more exploration and more investigation.

8. Conclusions

Despite the growth of the technology and the internet and the
availability of many opportunities for the graduate around the
globe, but still graduate can be sure that they are going to find a
job, so continuous and close observation to the need of the indus-
try and the skills of the graduates should be maintained through a
good relationship that should be managed by the the universities
and higher education institute. This study could be very valuable
to only for the graduates, universities, and the business sector, but
it could be valuable for the whole country that will benefit from
the match between what they really need from the graduates and
what will provide by the institutes of higher education, which it
will lead to more efficient and more productive industry.

The Key Recommendations for this research are: Higher ed-
ucation institutions in Sudan should revise their MIS curricula to
align with industry needs, focusing on enhancing practical skills in
programming, analysis, business acumen, and project-based learn-
ing for better qualification, education, and training. Partnerships
with the private sector should be established to provide intern-
ships, hands-on projects, and workshops. Additionally, universi-
ties should reevaluate the relevance of computer skills being taught
and ensure alignment with modern technological trends to improve
graduates’ preparedness for the job market.

Finaly, graduates should be alert and open to adapt to any
new technologies and requirements, and university is not enough
to equip them with all the tools that can satisfy the need of their
potential employers.
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Strengthening of Reinforced Concrete Circular Columns
by Carbon Fiber Reinforced Polymer Laminates

Dr. Al Hussein Mohammed Ali Bass
AManal Mahmoud Ahmed Mahdi
Abstract:

The wrapping of concrete structures with fiber polymers has
been an essential part of concrete technology aimed at the im-
provement of concrete performance indices during the construc-
tion and lifelong usage of the structures. Thus, the use of fiber re-
inforced polymer (FRP) materials for structural repair and
strengthening has continuously increased in recent years, due to
several advantages associated with these composites when com-
pared to conventional materials like steel. The role of FRP for
strengthening of existing or new reinforced concrete structures is
growing at an extremely rapid space owing mainly to the ease and
speed of construction, and the possibility of application without
disturbing the existing functionality of the structure. This study
presents the results of an experimental investigation on the struc-
tural behavior of reinforced concrete columns strengthened with
unidirectional carbon fiber laminates. Laboratory work has been
conducted at the University of Khartoum and includes two parts:
the first series of tests focusing on the flexural-compression behav-
ior of un-strengthened circular columns. Then, the second series
studied FRP strengthened circular columns under the same load-
ing conditions, investigating the confinement capability of FRP
laminates, changes in failure mode and flexural strength enhance-
ments.

The ultimate axial loads of all columns obtained from the

experiment are compared with the results from the theoretical
analysis. The results obtained from the experiment were approxi-
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mately higher than the theoretical analysis results by (22.0 — 46.0)
%. The contribution of one-layer CFRP laminate to the ultimate
load capacity of concentric strengthened columns is higher than
reference ones by about (22.0 -28.5) %. On the other hand, the
contribution of two-layer CFRP laminate to the ultimate load ca-
pacity of concentric strengthened columns is higher than reference
ones by about (29.5 - 46.0) %.
Keywords: fiber polymer, concrete columns, strengthening, FRP
materials, CFRP laminates, strength, axial load, concentric.
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1. Introduction

Rehabilitation and strengthening of existing concrete struc-
tures have come more and more in focus during the last decade.
All over the world there are structures intended for living and
transportation. The structures are of varying quality and function,
but they are all ageing and deteriorating over time. Of the struc-
tures needed in 20 years from now about (85-90) % of these are
already built. Some of these structures will need to be replaced
since they are in such bad condition. However, it is not only the
deterioration processes that make upgrading necessary, errors can
have been made during the design or construction phase so that the
structure needs to be strengthened before it can be used [1].

The use of fiber reinforced polymers (FRP) jackets as an ex-
ternal reinforcement mean to strengthen existing RC columns has
emerged in recent years with very promising results, among oth-
ers. Several studies on the performance of FRP wrapped columns
have been conducted, using analytical approaches. Such strength-
ening technique has proved to be very effective in enhancing their
ductility and axial load capacity. However, the majority of such
studies have focused on performance of columns of circular
cross-section. The data available for column of square and rectan-
gular cross-sections increased over recent years, but are still limit-
ed. This field remains in its developmental stages and more testing
and analysis are needed to explore its capabilities, limitations, and
design applicability [2,3].

Over the last decade there has been significant growth in the
use of fiber reinforced polymer (FRP) composite materials as con-
struction materials in structural engineering, these materials have
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proven themselves to be valuable for use in the construction of
new buildings and bridges and for the upgrading of existing build-
ings and bridges. Now, at the beginning of the twenty-first century,
the structural engineering community is about to enter a stage in
which structural design with FRP composites is poised to become
very popular as routines design with classical structural materials
such as masonry, wood, steel, and concrete. This popularity has
arisen due to the need to maintain and upgrade essential infrastruc-
ture in all parts of the world, combined with the well-known ad-
vantages of FRP, such as good corrosion resistance and ease for
site handling due to their light weight. The continuous reduction in
the material cost of FRP composites has also contributed to their
popularity. Reinforced concrete (RC) Columns with carbon fib-
er-reinforced polymer CFRP composites offer an attractive solu-
tion to enhance the strengthening of columns and to increase the
load carrying capacity of them [4].

2. Research Methodology and Experimental Work

The strengthening by confinement of RC columns by means of
externally bonded FRP laminates is a well-established technique for
strengthening and retrofitting purposes. Seen widely in mosques
like Kuwait holly mosque, bridges as in the great rehabilitation
works in Khartoum State Shambat bridge concrete piers and girders
and widely overseas in the larger transportation stations and halls
that are permanently affected by seismic actions [5].

In this research the case is strengthening of cylindrical RC
column where as many researches contributes in this case. The
study shall reach out results of the contribution of CFRP confine-
ment for 200 mm diameters column specimens aiming at investi-
gating permanent mathematic relationship between the laminates
pressure and the attained concrete compressive strength without
the contribution of the reinforcing steel rebars.

The design of FRP strengthening is performed on the well-estab-
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lished principles of mechanics. Most major codes like ACI, Euro
code, Japanese code, etc. give guidelines for the design of FRP
system for wrapping of concrete columns to increase their capaci-
ty. Various institutes recommend the use of FRP Composites for
strengthening of concrete structures [6]. The study confirms and
applies mainly the ACI 440.2R-17 [7] for the design, calculations,
and application of CFRP plies for strengthening of two concrete
grades considered as RC circular columns samples.

2.1. Experimental works

This investigation presents a pilot research that includes lab-
oratory testing of full-scale circular RC columns externally con-
fined with CFRP laminates and subjected to pure axial load. Spec-
imens that are representative of full according to American concrete
institute ACI 318-19 [8] for gravity loads only.

Tests were conducted to investigate how the external confine-
ment affects axial resistance capacity and deformation of RC col-
umn. Moreover, the contribution of the CFRP confinement lami-
nate pressure in strength of two concrete grades to sustain
additional axial load was investigated.

e Characteristics of Materials and Specimen Details

In this section the properties of concrete ingredients namely;
aggregate, Ordinary Portland cement, and water were determined
according to the American Specifications ACI 318-19. Mixing was
carried out at the laboratory of the Building and Road Research
Institute (BRRI) — University of Khartoum. Thus, two mixes pro-
portions for 30 MPa and 40 MPa concretes were designed by ab-
solute volume method. Moreover, the properties of CFRP laminate
and bonding materials were discussed.

Unidirectional CFRP composites (Woven carbon fiber fabric)
with the following typical properties according to the manufacture
specifications were used; as described in Table 1.
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Table 1. Specifications of CFRP Laminate Used [Authors].

Description Thickness Properties

Woven carbon fiber fabric for structural o Tensile strength = 3000 MPa
strengthening is a unidirectional woven | () 43+(.05mm |® Tensile modulus=210x10* MPa
carbon fiber fabric for the dry or wet o Elongation=1.5%

application process. o  Width =300 mm

o Thickness = 0.43£0.05 mm
o Weight =200+6 g/m

Figure 1 shows dimensions used for the columns; 1,300 mm height

and 200 mm diameter. Circular columns were reinforced by two

types of steel reinforcements with six T12 mm, f = 460 MPa as

longitudinal rebars located at the perimeter. Lateral reinforcement

was provided by a T8 mm with a 100 mm pitch.

Eighteen (18) circular columns were tested under pure axial load

and were divided into three categories depending on the strength-

ening techniques, as illustrated in Table 2, and are categorized as

follows:

(1) Control or Reference columns of concrete grades 30 and 40
MPa.

(2)RC Columns of grades 30 and 40 MPa strengthened by
bonding one-layer of CFRP laminates.

(3)RC Columns of grades 30 and 40 Mpa strengthened by
bonding two layers of CFRP laminates.
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Table 2. Description of RC specimens’ categories for compression
test [Authors].

S Diameter | Height | Longitudinal Compressivelstrength at 28 days | Number of
(mm) (mm) steel bars f'c (MPa) layers

Reference columns

[P 200 1300 6012 30 40 0

Cz,0, C20+ 200 1300 6012 30 40

C30, C3,0« 200 1300 6012 30 40

RC Columns strengthened by One-layer CFRP

Ci15 Ciax 200 1300 6012 30 40 1

Cy1, Ca 14 200 1300 6012 30 40 1

C31, C314 200 1300 6012 30 40 1

RC Columns strengthened by Two layers CFRP

Ci,2, Cy 24 200 1300 6012 30 40

Co2, Con 200 1300 6012 30 40

C32, C32. 200 1300 6012 30 40

Note: # denotes; first number represent sample number, second number represent
numbers of CFRP plies.

* denotes specimens with C40 concrete grade.

1,300mm

Figure 1. Casting of Model Columns and Dimensions. '

2.2. Test Procedures

An overview of the complete experimental program is in-
cluded and in the following sections, the preparation of the test
models and detailed descriptions of all the test set-ups is present-
ed. All wrapped models were strengthened with one ply and two
plies of carbon fiber laminate and tested after 28 days of curing.
The layers of fibers were applied one at a time, with each layer
overlapping itself to provide for development of the full tensile
strength of the laminate. The overlapping length was 100 mm [7, 9].
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The columns were axially loaded using a displacement control
compression apparatus in the laboratory, as shown in Figure 2. All
columns were loaded under a monotonic uni-axial compression
load up to failure. The compressive load was applied at a rate cor-
responding to 0.24 MPa/s until failure.

|

Figure 2. Instrumentation and Columns test setup.

2.3. Compression test results and Mode of failures

The compression test results for columns with C40 and C30 are
illustrated in Table 3. Then, the mode of failure for each specimen
was also observed, as shown in Figure

Table 3. Model Columns laboratory compression test results [ Authors].

Columns | Failure | Columns | Failure | Percentage of | Percentage of | Mode of failure
Label Load Label Load load increase | load increase
(Tons) (Tons) (%) * (%)
Reference Columns
Cio 127.75 Cro 95.60 0 0 Crushing of concrete
Copr 127.75 Cop 95.60 0 0 "
Cs 127.75 Cso 100.27 0 4.9 g
Average | 127.75 97.156 0 1.6 !
Columns strengthened with one-layer CFRP
Ci* 161.52 Cri 117.986 | 2643 2342 Tearing & separation
of CFRP
Cor 163.83 Coi 117.986 | 28.24 2342 g
G 170.94 G 119.430 | 33.81 19.11 !
Average | 165.43 118.467 | 29.495 21.98
Columns strengthened with two layers CFRP
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Columns | Failure | Columns | Failure | Percentage of | Percentage of | Mode of failure
Label Load Label Load load increase | load increase
(Tons) (Tons) (%) * (%)
Cip 183.40 Ci; 123.27 43.562 28.94 Tearing & separation
of CFRP
Cop 186.51 (a2 123.27 45.996 28.94 "
Csp 189.62 Cs2 127.95 43.431 27.61 -
Average | 186.51 124.83 45.996 28.50

Note: * denotes percentage of load increase for C40 specimens.
The RC reference columns normally fail under compression fail-
ure because the axially loaded stress exceeds allowable stress. Af-
ter failure, crushing and end splitting observed in the upper surface
of columns.

Figure 3. Mode of failures for tested columns.
3. Presentation of Results and Discussion

Columns are elements of special importance for the static
system of many buildings. Strengthening’s out of carbon fiber
laminate (CFRP-sheets) keep the basic component size to a large
extent. However, the reinforcement effect here is only achieved by
the confinement of the core concrete of the column. The typical
collapse mechanism of the models usually marked by sudden fail-
ure. Approaching ultimate strength, noise associated with local-
ized debonding, fiber failure, and crushing of concrete was ob-

served.
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Table 3 summarizes the laboratory compressive load and its per-
centage increase for the tested columns. Thus, by considering the
average values; 29.50 % and 45.99% additional axial load capaci-
ty by confinement of C40 column specimen by one layer and two
layers of CFRP, respectively. Therefore, adding another layer for
strengthening contributes by 16.49%, so 55.15% of increased
strength is achieved by application of single layer and this result
shall be compared with C30 concrete column as a matter of further
realization. Obviously, the additional strength percentage is
21.98% for C30 RC column which is less than that attained when
the strengthening is added for C40 specimen, as illustrated in Fig-
ures 4 and 5.
3.1. Theoretical Calculations

Theoretical analysis taking into account confining pressure
due to FRP composite is available. However, findings and equa-
tions developed by ACI Committee 440 will be used as the analyt-
ical framework for circular columns. Engineering and scientific
terms used in calculations are given in Table (4).
Table 4. Engineering and scientific terms used in this study from
ACI 440.2R-17 [7].

Symbols Definition

A Gross area of concrete section, mm?
g

A Cross-sectional area of concrete in compression member,
¢ mm?

A Total area of longitudinal reinforcement, mm?
st

D Diameter of compression member for circular cross sec-

tions, mm

C Environmental reduction factor
E

f Specified compressive strength of concrete, MPa
C
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Symbols Definition

f Specified yield stress of non-prestressed steel reinforce-
y ment, MPa

f Stress in FRP reinforcement, MPa
/
w Maximum compressive strength of confined concrete,
ce MPa
f Maximum confinement pressure due to FRP jacket, MPa
1
O Reduction factor for required strength
< Strain in FRP reinforcement mm/mm
f
: Design rupture strain of FRP reinforcement mm/mm
fu
o Compressive strain in unconfined concrete mm/mm cor-

¢ responding to f>_

Ultimate axial compressive strain of confined concrete
cc corresponding to 0.85 f>. mm/mm

Design rupture strain of FRP mm/mm

€
fu
: Effective strain in FRP attained at failure
fe
K Shape factor = 1 for circular cross-sections
K, Shape factor = 1 for circular cross-sections

Strength reduction factor for fully wrapped section =
Yy 0.95 in the calculations

Number of plies of FRP for confinement

n

According to ACI 318 [8] for circular short column design, the
ultimate design load capacity is calculated as follow:

HPn = 0.85¢[0.85% f'e (Ag= Ax) + Fy Axt] vveeeeoreeseeennean, Eq. (1)
Factors “0.7, 0.8, and 0.85” are reduction for concrete strength in
design from laboratory test result. The reduction is due to expected
voids in concrete, and the last multiplication factor is reduction of
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15% due to insufficient curing of concrete in side compared with
that in laboratory as done.

Conrets anly Ome CRFP Layer Twao CRFP layers

Figure 4. Contribution of CFRP laminates for strengthening of
C40 RC column.
140

120
100-
B0 -
60 -
40 -
20 -
0 - ; ;

Concete only One layer CFRF Two layvers CFRP

Figure 5. Contribution of CFRP laminates for strengthening of

C30 RC column.

e For calculation of the design ultimate load using CFRP con-
finement, the following steps are considered:

Step [1]: According to the design code (ACI440.2R-17) [10], the

numbers of plies of CFRP to be used for retrofitting the RC col-

umn depending on the given CFRP properties factorized using

Equation (2).

From Table (9.4), this column is to be used in internal building and

the reduction factor of exposure to inner environment to be used

C.= 0.95, therefore;

[, = Cpx ff’ ...................................................... Eq. (2)
Therefore; ffu =0.95% 3000 = 2,850 MPa
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And, ¢ w CpX Eq. (3)

Thus, sfu=0.95><0.015 mm/mm = 0.0143 mm/mm.

Step [2]: To determine the maximum compressive strength of con-
fined concrete (f>_ ) Mpa, as shown in Equation (4). Correspond-
ing to f’c, where this value expresses the working compressive
strength of confined concrete without steel reinforcement.

L PR .. . Eq. (4)

The maximum confinement pressure due to CFRP jacket (f)) is
given by Equation (5);

T = e N SRR . . . Eq. (5)
And the minimum confinement ratio is given by Equation (6);
Minimum confinement ratio = f, /f> ... Eq. (6)

K, is shape factor, and for circular column K _ = 1 according to
confirmed fact in clause (12.1.1) ACI 440 .2R-17.

Step [3]: To verify that the ultimate axial strain of the confined
concrete < 0.01, Eq. (12.1j) from ACI 440.2R can be used as ex-
pressed in Equation (7);

€ = & (LSOTI2K f/ P (g, /€, ) Eq. (7)
For each of the average 4 model columns as the results shall com-
ply with the elastic theory so the concrete shall not disintegrate or
highly damage according to Spoelstra & Manli (1999) [10].

With reference to ACI440.1R-17 Eq. (12.11);

K, = is an efficiency factor based to Lam and Ten (2003 a, b)
[11,12], confirmed ACI 440.2R-17 factor to be 0.55 for medium
and big sizes cross-sectional concrete columns where f /1> > 0.08.
Also, by taking K =0.55and e, =C €.

Step [4]: To determine the number of plies (n), Equation (9) can
be used;

n=fD/2E 1€ fe) ................................................. Eq. (9)
According to Lam and Teng;
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.. =fcty33Kaf o Eq. (10)
where; v o= Additional reduction factor for the laminate pressure

equals to 0.95 for sharp fully wrapped sections, and 0.85 for flex-
ure.

Therefore, Table 5 summarizes the output results from the
above-mentioned equations for the tested columns.

Table 5. The required service load and number of plies due to
strengthening [Authors].

Test Failure | Serviceload | f'c | fru | f'e/f' | fi/f'c | Number of
specime | load Pray | Pureq(@pPn) | (MP | (MP c plies
n (kN) (kN) a) a) (n)

Cio 1277.5 830.38 40 — 1 0.000 | 0.000 -

Ci" 1654.3 1,075.81 40 | 3,00 | 1.564 | 0.220 097=1
0

Ci' 1855.1 1,205.82 40 " 1 1.802 | 0.243 1.32>1

Cao" 971.56 631.51 30 — 1 0.000 | 0.000 -

Co” 1184.7 770.06 30 | 3,00 | 1.380 | 0.115 0.50<1
0

Cx" 1248.3 811.40 30 " 1.477 | 0.144 0.61 <1

Note: * first number corresponding to group of same grades, and
the second number corresponding the numbers of plies of CFRP
table represents average values of the categorized test models.
The tensile strength of CFRP laminate f, = 3000 MPa.

Then to reach a relationship from strengthening results the (f>_
/) valuesversus (f/f> ) values are plotted in histogram as shown

in Figure (6).
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Figure 6. Values (f>_/f>)versus (f /> ) relationship.
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3.2. Discussion of Results

X For C40 concrete column, a single ply laminate of CFRP sig-
nificant result visualized that the stresses transferred to the full
system and that means reinforced concrete was still elastic till
the whole system fully occupied by the load stresses and the
confinement pressure equals to 6.8 MPa which is almost 11%
of the total strength due to the system without the steel rein-
forcement where the compressive strain is 0.0099 mm/mm.

X The confinement pressure due to the application of two plies
CFRP, the system compressive strain i.e. 0.0107 mm/mm, thus
the strain is likely as same as the system with two plies and the
crushing stress can be accommodated by the single layer that
the crushing of the column happened before the second layer
has full confinement pressure that may has effective contribu-
tion in the strengthening mode visualizing that only 13.5%
added strength achieved.

K For the second case, using C40 concrete grade no need for dou-
ble laminate of CFRP, and only the design of higher size col-
umn may be enough or otherwise additional reinforcement may
be required since the section is still under reinforcement. High-
er grade concrete may satisfy beneficial results from doubly
confinement.

X For C30 concrete column, the concrete section continued elas-
tic with 0.0012 mm/mm strain so the single ply has effective
full confinement pressure. Therefore, the confinement so far
beneficial, confinement pressure 8.3% related to the whole
working system this is clearly observed in Figure (5) and the
contribution of the laminate pressure is very low. This fact also
complies with doubly confined grade C30 column where the
model failed before the second layer of CFRP has its full effi-
ciency in carrying the transferred load stress.

K With reference to K. OLIVOVA, J. BILCIK, (Slovac Journal
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of Civil Engineering 2008) [13], they reached a fact that 10%
was addition strength attained in the column capacity confined
by CFRP when the vertical crushing load is 250 kN. And for
the column loaded by a vertical load 650 kN, 9% additional
strength was attained. And they observed that the failure mode
of the unconfined column was similar to that when confined
and this marked that the rupture happened after the concrete
was completely crushed.

X K.OLIVOVA, J. BILCIK [14] concluded that, the premature
deboning occurred in the externally bonded reinforcement
technique was avoided in the majority of strengthening column
since some laminates of the CFRP reaches the tensile strain
values close to the ultimate rupture strain of the CFRP.

X Riad Benzaid and Habib- Abdelhak Misbah [15], they plotted a
relationship shows the correlation between the confinement ra-
tio to the strengthening ratio. This appears in a trend line pro-
ducing a formula functioning this relationship in circular col-
umn as; (f> /f’c)=1.1184+2.1872 (f,/ > ).

Riad Benzaid and Habib- Abdelhak Misbah concluded some sig-

nificant results as;

1- The failure of CFRP wrapped specimens occurred in a sudden
an explosive way, and for cylindrical specimens, the fibre rup-
ture started mainly in their central zone. Experiments for pur-
pose of this research also realized the first fact that the occur-
rence of the explosion while failure, but the rupture started in
top compression zone and this attributed to the lower compres-
sive strain of the whole system that the stress transmission to
the whole fibre not completed.

2- The efficiency of the CFRP is confinement is higher for circular
than for square section, actually this research interested in cir-
cular section depending upon former experiment outcomes and
practically we’ve reached significant considerable results by
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strengthening circular section using CFRP. The same fact
proved by Fathi Abdelrabeh et al. [26] in their research paper
Strengthening of Reinforced Concrete Long Circular column
using CFRP.

3- Increasing numbers of CFRP laminates produce an increase in
the compressive strength of the confined column, this is also
satisfied by this research, but for C30 only single ply was satis-
factory effective.

X Authors, T.C. Triatafillon®. Et al. (2022) [16] reached that; If
CFRP jackets are combined with heavy anchors, their effec-
tiveness increases almost linearly with the numbers of layers.
Thus, this fact is observed in Figure (4) for C40 single and
double layers.

X In this research for concrete C40 the confinement of single
laminate added 11% and 13.5% effective compressive strength
to the column confined by single and double laminate, respec-
tively. Where for concrete C30 the additional compressive
strength is 6.3% and 9.72% for single and doubly confinement,
respectively.

4. Conclusion and Recommendations

4.1. Conclusion

The main conclusions, that can be drawn based on the experimen-

tal and analytical studies carried out under this investigation, are

the following:

1- Carbon fiber reinforced polymer CRFP is used widely for

strengthening concrete structures members for flexural and axially

compressive members or members subject to both.

2- Strengthening of columns with externally bonded laminates can

only result in substantial enhancement of the load carrying capac-

ity if;

X The structural element in its non-strengthened state is under
reinforced.
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The load on the structural element during strengthening is low.
The structural element has a reserve in vertical and longitudinal
load capacity.
X The laminates can be bonded effectively on a sound concrete
surface.
3- For strengthening existing structures evaluation after complete
assessment shall be done to verify that the whole structure is still
elastic after time period of operation and this shall be realized for
all member components by test and measurements. The evaluation
processes check cracks width, crack depths, strains, and the deflec-
tion if any comparing the results with the design and the design
Code requirement for the structure, and then if possible, releases
the structure from some loads if its members are incapable to sus-
tain more loads, otherwise evaluate the extra load needed for the
new utility and purpose this extra load shall be reason for strength-
ening.
4- In this research the required load to be carried by the system is
that factored load attained at failure of the columns in both two
grades due to compression test.
5- The mixes design nevertheless are experimental trials subject to
variable conditions but strengths of concrete cylindrical specimens
through the tests gave actually the pre-determined grades, and
therefor guide to reliable results compatible with all data and equa-
tions used in tests and analyses.
6- The results of RC circular column using CFRP predicted distin-
guished results in high compressive load capacity added to the
concrete characteristic strength.
7-The effects of concrete compressive strengths on structural be-
haviour were investigated by comparing the results from beams
which were manufactured from two different strength concretes
[f',=25.85 MPa and 47.61 MPa]; both types were plate bonded.
The results showed that strengthening the high-performance con-
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crete increased the serviceability limit, the yield load and the max-
imum load carried in comparison to the lower strength beams.

8- No difficulties raised when confining and bonding the circular
specimen.

9- Grade 40 concrete which is more elastic so shortly the elastic
zone transferred shortly to the laminates allowed the laminate to
have effective contribution in additional load carrying capacity of
the column.

10- A linear co- relationship seen when plotting the system com-
bined strength- concrete strength ratio to the confine pressure-
concrete strength ratio.

11- A constant percentage load capacity marked when different
grades of concrete are chosen for CFRP strengthening system as
explained while analyzing the test results and seen clearly grade
40 is 75% more than grade 30 concrete, the single confinement
results shows also 75% additional load capacity of the specimen
added to grade C40 more parallel increment.

12- The rounded sections perform good results more better than
rectangular and square sections where these sections need edges
reshaping which is difficult processes or for the newly constructed
elements sections which shall be strengthened by CFRP require
difficult constructions of formworks which may not be familiar in
the construction market, specially some curved surfaces element
are required, not even the construction, but in the other hand the
calculation need some data related to the shape factors K , K.

13- It is important for a practical use of FRP Composites for
strengthening columns to round the edges as far as possible so as
to increase the effectiveness of the confinement.

4.2. Recommendations

From the work presented in this research, the following recom-
mendations can be drawn:

1-Test results have demonstrated that composite laminate bonding
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generates significant improvements in ultimate capacity of rein-
forced concrete members and that the stiffness of a member is in-
creased.

2- In strengthening applications, the external CFRP laminate
should fail in tension after yielding the internal steel reinforcement
but before failure of the concrete in the compressive zone, since
this would ensure a more ductile failure mode.

3- More structures like halls, mosques, car sheds, require biggest
columns for supporting wide roofing’s for new design or preexist-
ing structures and may need long length column support, CFRP is
an effective solution where shall produce high strength loading
capacity with slender smart and architecture.

4- Scientifics and researching institutions missing the main re-
search equipment’s and laboratories and only undergraduate teach-
ing and training laboratories are available and even there are some
universities missing the main laboratory equipment. The govern-
ment through the authorized part shall give an additional regards
and interest in this quarter.

5- CFRP is cheapest material and easy to manufactured there for
the government shall encourage this aspects and others according
building research feedback.

6- Hand bonding and confinement is difficult process wise and
may not give an effective confinement especially when more than
one ply is needed, so machines for folding and fixation are targitly
necessary.

7- A pulling test devise to test the effective adhesion of the bond-
ing materials shall be maintained and available for any strengthen-
ing process using epoxies resin material. After crushing test to as-
sure that the CFRP is well fixed to the skin, a pulling test shall be
conducted and thereafter the results of effective numbers of plies
(n), confinement pressure [, |, all shall be reliable results and the
failure load as well.
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8- The testing instrument shall be accompanied with some other
correlating digital measuring and graphical systems to perform the
other related data correspondent with deformation or gradually de-
forming load and this will give very good indications and the char-
acteristics of elements and fix good facts and logics that might fix
the relationship between test results and the theorem.

9-Traing and culture of this technology shall be widely expanded
within the engineers and technicians, in field labors as well. And
while visiting some laboratories it is clearly observed that lab en-
vironment room temperature, excitation, test conditions are com-
pletely ignoring the research recommends giving more attention to
lab environment and testing conditions.

10- many experts when asked by some customers for evaluating
an existing building for purposes of widening or adding other sto-
ries, the expert satisfied only by calculating the preserved or resid-
ual strength of the building members ignoring that, due to opera-
tion of the building in long term in use some strains may happen
and some energy of the building may be lost, theoretically the
strength properties may remain to mention the new circumstances
but there may be other unseen factors may reduce this residual
strength. And therefore, the research recommends for every
re-evaluated building a suggestion for confinement by even single
CFRP shall be fixed and calculated, this will add even new effec-
tive strain to the members of the building.

11- In Sudan there are some structures strengthened using CRFP
like Khartoum Shambat Bridge and Burri (Armed Forced Bridge)
and the reinforcing done for bridges piers and box and the I gird-
ers, but after that application no care was done or a follow up to
assure effectiveness and the validation of such treatment. The re-
search encouraging authorities in charge to follow up.

12- Prestressing of CFRP laminates may be necessary for econom-

ic and structural requirements.
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13- As the construction industry begins to apply FRP composites
in the field of strengthening and repair, the need for educating civ-
il engineering students with background on the subject has become
more evident. Therefore, according to questionnaire results, it is
very important to incorporate some strengthening topics in civil
engineering courses in Sudan, especially for graduate studies.
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