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Introduction to the 3™ Issue of NJSE

The Editorial Board of the Nile Journal of Science and Engineering is pleased to present to its
readers a new issue, enriched with a distinguished collection of scholarly papers covering a wide
spectrum of the journal's approved research fields. In this issue, researchers have exerted diligent
efforts to present rigorous studies of high scientific and cognitive value, all of which have
undergone a thorough peer-review process by competent experts. We hope that readers will find
within these pages’ content that enriches their interests and inspires new avenues for research.

As we present this issue to you, the Journal renews its welcome to all researchers wishing to
publish, confirming its readiness to receive their scholarly contributions in accordance with the
established publishing guidelines. Our aim remains to provide a serious and supportive academic
platform for knowledge production.

We would also like to extend our profound thanks to Dr. Fath Al-Rahman Mohammed Adam,
Associate Professor of Engineering and former Secretary of Scientific Affairs at Nile Valley
University, for his dedicated efforts and ongoing contributions to the production and preparation
of this journal in such an excellent manner.

We would like here to commend the unlimited support of the university administration for the
journal. In conclusion, we express our sincere gratitude and appreciation to the ongoing valuable
and keen support of the Administration, which had a positive impact on its continued publication
in the manner that we hope, meets your satisfaction.

Editorials,,,



About the journal:

The Nile Journal for Science and Engineering (NJSE) is a bi-annual research
journal aimed to publish original high quality research articles in the fields of
Science and Engineering that are not published or not being considered for
publication elsewhere. The journal is devoted to provide an appropriate forum for
the dissemination of high-quality and high-impact original balanced credible
academic writings in all disciplines of Science and Engineering. The work for
publication (research papers, review articles, technical reports and short
communications) will be accepted either in English or in Arabic.
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Mathematics
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Chemical Engineering
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Electrical Engineering
Electronics Engineering
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Editorial policies
Ethics

The statements and opinions expressed in the articles herein are those of the author(s) and not
necessarily of NJSE editorial board. All biological experimental works (such as genetic
engineering) should be ethically acceptable and be in accordance with the local and
international guidelines provided for both animal and human. Authors must guarantee that the
manuscript parts were not being considered for publication elsewhere.

Peer review policy and criteria of manuscript acceptance

Manuscript acceptability is based principally on the importance, objectives, originality,
topicality, and appropriateness of the methodology and outcomes. All submitted manuscripts
are screened by the editorial board to assure their satisfying the above criteria, and
subsequently peer reviewed by two or more reviewers. Manuscripts accepted for publication
are copy edited for grammar, punctuation, print style, and format.

Reviewers selection is based on reputation and experience. However, the identity of reviewers
is confidential and manuscripts are considered private information. The editorial board will be
certain of not to allowing authors to realize reviewers identities. Similarly, author(s) identities
will not be unveiled to the referees.

Copyright

Any article published in the Nile Journal for Science and Engineering will be the copyright of
thejournal. Though the journal is an open access, reproducing for resale or distribution,
compilations and translations of any of the published articles or parts including abstracts, tables,
figures require permission of the Nile Valley University.
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Instructions to authors

The work for publication will be accepted either in English (American or British flair
isaccepted, but not a mixture of both) with an extra abstract in Arabic language or, in Arabic
with an extra abstract in English. The manuscript should be written in clear, concise and
grammatically correct language. Latin scientific names at all taxonomic levels are italicized.
All scientific manuscripts will be reviewed by at least two reviewers. While submitting a revised
manuscript, authors are requested to include a point to point response to reviewer's comments.
The final decision relative to acceptance will be made by the editorial board. The corresponding
author is considered the guarantor for the legitimacy and correctness of the manuscript as a
whole.

Manuscripts submission:

The submission of the manuscript and all correspondence, including notification of the Editor's
decision and requests for revision, takes place electronically through the website:
njse@nilevalley.edu.sd, or by post.

The following items should be handled in as printout hard copies and in electronically
readable form or via e-mail:

1. Cover letter:

The cover letter, as a supplement file should include: article title, type of article (full research,
review, etc.), scope, author(s) name(s), higher qualification/academic degree(s), affiliations,
and e-mail addresses. The name of the corresponding author with contact address,
phonenumber, e-mail and fax number (if available) must be clearly listed. Acknowledgement,
if any, could also be represented. Beside any special consideration regarding your submission.

2. Manuscript:

The manuscripts submitted to the journal must conform to all style requirements stated by the
Editorial Board.

Types of articles:

Full length original scientific papers: regular scientific papers, should report the results
oforiginal research that have not being considered for publication elsewhere. A full research
paper should have, in proper order, a Title, Abstract, Introduction, Materials and Methods,
Results, Discussion, Conclusion and References.

Review papers: in which authors should review the up-to-date developments in relevant field
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of an active current interest. They have to be contemporary and comprehensive. Methods
usedfor locating, selecting, extracting, and synthesizing data should be described. The abstract
(250 words) should represent an accurate summary of the article.

Short communication: is a concise, but completely documented, description of a
limitedresearch article. The contents should be exceptionally exciting, novel or timely. The
maximum length should not exceed 7 pages. These short communications will be peer-
reviewed in the same way as full papers.

Regular scientific manuscript formatting

Manuscripts should be kept to a minimum length (the whole article length should not exceed
25 pages. The language of manuscript must be simple and explicit. Times New Roman fontstyle
with 12 font size should be used. The whole manuscript should be typed double spaced (except
tables), with all margins fixed at 2.5cm. Do not leave lines between paragraphs, butinstead,
indent the first line of each paragraph with one tab space. All pages should be numbered
consecutively in the bottom center. Each heading should appear on its own separate line, aligned
to the left and bold. The use of footnotes should be avoided.

Title and author information: The title and author information should be centered across
thetop of the first page. The title should give a concise designation of the paper topic, typed in
16font style. Capitalize the first letter of all main words (Latin names in italics).
Abbreviationsshould not be used. This should be followed by the name(s) of the author(s)
displayed as firstname, middle and last name (with no commas in between). Numbered and
listed author’saffiliations will be provided immediately after the authors line flush left. The
name of thecorresponding author should be underlined.

Abstract: The abstract, for reviews and research articles, as one paragraph, should be rational,
informative and succinctly and clearly state the basic contents of the article with special focuson
the scope, objectives, methods, and major findings. The abstract must be precisely
andconsistently briefed, not exceeding 250 words. References and citations to other works
shouldnot be included in the abstract.

Keywords: Key words (3-7 non generic words or phrases) should be provided directly belowthe
abstract to express the article content. They should be written left aligned,
arrangedalphabetically, separated with commas, capitalize only the first letters of proper nouns,
and donot end the list with a full stop.

Abstract translation: An abstract translation is to be prepared and assembled below
thekeywords, or at the beginning of the succeeding page. It should be precise and presents
wordby- word translation.

The main text: The main text should be structured into paragraphs in the following order:
Introduction including objectives, Materials and Methods, Results, Discussion, Conclusion,
Acknowledgement (if any) and References. Results and discussion could becombined in one
paragraph. Each heading should be flush with the left margin and have thefirst letter of all main
words capitalized. All major headings should be separated from the textby 1 line space above.
Introduction: The introduction is a brief review of literature which should supply
sufficientbackground information on the importance of the topic, the research area of the study
and thehypotheses tested in the study. The specific aims of the project should be identified along
withrationale for the specific experiments and other work performed. All sub- headings, if any,
should be left justified, bold and title case. Objectives of the research should be clearly stated.
Materials and Methods: This section must be concise and include sufficient details of
thematerials, equipment and techniques used. The sources of laboratory procedures should be
cited and information on the equipment model, manufacturers name and address should be



provided (if recommended). Measurements should be described precisely (all in SI units) and
errors of measurements (if any) should also be included. While, previously published
experimental procedures may be indicated by a reference, new procedures should be described
in details. The statistical procedure used should be stated in this section.

Results —Discussion: They can be presented together (Results and Discussion) or in 2different
sections (Results followed by Discussion). All results obtained should be simply and concisely
presented ina logical order in figures, tables, or text. Tables and figures, whether integrated into
the main text, or alternatively, printed on separate pages before the reference section, each
should be sequentially numbered and titled (above for tables and below for figures). Do not
present the same information in both a table and a figure. All printed tables and figures must be
referred to in the text. Tabular data, were recommended, could be accompanied by either
standard deviation values or standard errors of the means. The number of replicate
determinations used for making such calculations must also be included. Sufficient statistical
verification should be provided to identify differences in significance.

The results at hand should be concisely discussed in relation to hypotheses advanced inthe
introduction section and interpreted to previously published works. It must not containextensive
reiteration of the Introduction and Results sections.

Conclusion: The main conclusions of how did the results compare with the expected outcomes
and what further predictions can be gleaned from the results should be presented in a short
Conclusions section, which may stand alone or form a sub-section of the Discussion section.
Acknowledgments: The source of any financial or technical assistant received for the
workbeing published must be indicated in the Acknowledgments section.

Citations and References

In-text citation: References should be included within the body of the text as they appear.
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. The NJAS in-text citation format is the
familiar “author, date” format, e. g. Davis (1999) or (Davis, 1999). If the article has two
authors, their last names are used, separated by the word “and”, e.g. Gates and Dobraszczyk
(2004) or (Gates and Dobraszczyk, 2004). When there are more than two authors, only the
first author’s last name should be mentioned, followed by “et al.”, e.g. Caoet al. (2015) or
(Caoet al., 2006).

Multiple references at a single point in the text are separated by semicolons (Kent and Evers,
1994; McLeish, 2003; Morris et al., 2007 and Singh et al., 2011). In a case where two or
moresources cited at a given place shared the last name and date use first author’s last name
plusinitial(s) (e. g. Zhang, Y., 2001 and Zhang, W., 2001). If the author(s) has had more than
onepublished works cited within the same year, they are then identified by letters 'a’, 'b', 'c’,
etc.placed after the year of publication (e. g. Caballero et al., 2007a and Smith, 19873, b).
References list: All articles cited in the text should be listed at the end of the manuscript,
unnumbered, alphabetized by first author’s last name. Author(s) name(s) are arranged as
“lastname, initials.”,. Individual author’s names should be separated by semicolons. Followed
by the year of publication (in brackets), a full stop, title of article, journal name, name of
publisher, volume number, a semi colon, specific page numbers (Vol: Start page—End page). If
more than one publication by the same author(s) were cited in the list, arrange publications by
date, earlyto late. If more than one publication by the same author(s) published in thesame year
were listed, use a, b, c, ... to distinguish the articles cited. Type references flush left as separate
paragraphs. The second and successive lines of a reference are indented by 1 cm.For books
include: name of editor(s), edition and publisher. For articles from



conferenceproceedings include: conference proceedings, publisher (if any) date (between
brackets), pp.For citation from a thesis include: Thesis title. Degree level, Department,
University.For electronic citations: Websites are referenced with their URL and access date,
and asmuch other information as is available.

Examples:
Article in a Journal:

Sulieman, A.M.B; Warda, E.A.M. and Abdelgadir, S. (2015). Isolation and identification of
yeasts from the different stages of Hulu-mur fermentation. Journal of Microbiology Research,
5(2): 71-76.

Book:

Allen, James P. (2008). Biophysical Chemistry. (18Edition),Blackwell Publishing, Chichester,
West Sussex, UK.

Book chapter:

Hardy, Jeffrey (2004). Green Chemsitry and Sustainability; Stevens, Christian V. and Verhe
Roland, Eds.; Renewable Bioresources (Scope and Modification for Non-food Applications).
John Willey and Sons Ltd. Chechister, Sussex, England. pp. 1-29.

Conference proceedings:

Trossero, M.A. (2000). Food and Biofuel Production. In: New Challenges Ahead. First World
Conference on Biomass for Energy and Industry. Eds. Kyritsis, S.; Beenackers, A.A.; Helm, P.;
Grassi, A. and Chiaramonti, D., pp.17-21. James and James Ltd., London.

Tables and Figures: Tables should be self-explanatory and the data they contain must not
beduplicated in the text or figures. Tables should be submitted in “Word” format (not in
excelfile) and should be printed single spaced in the main text (appear where should be cited)
innumerical order, or otherwise at the end of the manuscript. Place a descriptive,
comprehensive,but precise caption at the top of each table begins with the word
“Table”followed by a number and a colon (:). Sufficient experimental details could be added in
a legend below the table, if required. If a table is taken from other publication, then the reference
IS to be given below it.

Figures should be properly sized and cropped so that no unnecessary white space is
leftbordering the figure. Figures should be cited in the main text (appear where should be cited)
in numerical order, or otherwise at the end of the manuscript. Figures should have titles set
below the figure begins with the word “Figure or Fig.” followed by a number and a colon(:).
Legends with sufficient details could be added. Multipanel figures (figures with parts labeled a,
b, c, d, etc.) should be assembled into a composite as their final form. For an illustration taken
from other publication, the source is to be cited.

Abbreviations and Units: Sl units (metre, kilogram, etc.) should be used. Consistency mustbe
maintained throughout the text in the use of abbreviations and units. Use standard abbreviations,
that are accepted and recognized as common scientific terminology (hr, min, sec, etc.) instead
of writing complete words. Define all non-standard abbreviations the first time they are used,
then subsequently use the abbreviation.

Examples of some common abbreviations: Time: min, hr, sec; Length: km, m, cm, mm; Mass:
kg, g, mg, ug; Concentration: g/cms, g/L, mg/L, ng/L, ppm; Volume: cms, L, mL, pL
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The Use of Data Miningin Predicting Breast Cancer

A Case Study at Al-Durra Hospital — Khartoum

Tarig Abdelkarim® and Murshid Ibrahim?

TNeelain Univeristy
2University of Holly Guraan, Omduraman

Corresponding Author: morshedsadua@gmail.com

Received: 13" August, 2025 Accepted: 17" Dec, 2025

Abstract

The research presents an applied study on data mining and discovering knowledge from big data, which
knowledge is often hidden in the midst of a huge amount of data.disease and provide results that
contribute to reducing the spread of breast cancer in the coming years and the use of modern data mining
techniques that facilitate data analysis, the study is interested in using techniques that extract and discover
useful and independent knowledge through a large group of data, where we find that the emergence of
new technologies. This led to drawing attention to the use of techniques in data mining in discovering
solutions to some diseases, especially cancer diseases. First, | have to prepare the data obtained from the
interview with the computer center of Al-Thaz Hospital Then, the application of data techniques that were
selected in a specific sequence by reference to a group of reasons that can be summarized in two axes: the
appropriateness of the method to the nature of the data and its compatibility with the research objectives
in addition to the efficiency of pattern discovery, which led to the use of classification algorithms, namely
TreeNaive Bayes, neural networks, Decision and The aggregation algorithm, which is K-means, to achieve
the objectives of the research when the data were selected, where we find that the most vulnerable age
groups are among the 37-46 and most of them are women. The number of injuries was studied and
distributed to the different states of Sudan. We find that the most affected states are the state of
Khartoum, according to the type, where Females are the most infected with the disease, with 6942
infections, and men with the least, with 557 infections, and the years are more prevalent for the disease, as
the year 2021 is the most prevalent, with 3736 infections, and the least year is 2012, with 138 infections.

Keywords: Data mining - Big data - Knowledge exploration - Pattern discovery
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Using (Rapid Miner) in Breast Cancer Data Analysis in Sudan: A
Case Study of Al-Dora Hospital — Khartoum (2010-2021)

Tarig Abdelkarim! and Murshid Ibrahim?

1EIneelain University, Khartoum
2Holy Quraan University, Omdurman

Received: 315t July, 2025 Accepted: 19t November, 2025

Abstract:

The research aims to use statistical methods in (Rapid Miner) programs to extract statistical results
and determine the incidence of the disease and the age groups most vulnerable to this disease through
the process of excavating patient data and knowing the most affected ages for early preventive
examinations of the disease. Careful analysis of a large amount of data available for a number of years
and the use of statistical methods that help in making decisions that help in knowing the rates of
disease prevalence in the future and providing the necessary data that helps guides and advice on the
best ways to avoid the spread of breast cancer. The research follows the analytical and experimental
descriptive approach, where data and information related to monitoring records are collected,
prepared, classified and tabulated, and then displayed and analyzed, and the results were reached
through the use of statistical methods in the (Rapid Miner) program. The Blue Nile State has the least
infection with 45 infections, and the tribes with the most prevalence of the disease have 1025
infections, and the least is the Bargawi tribe with 1 infection.

Keywords: data mining, knowledge, statistical methods, descriptive analysis, data collection
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Abstract:

Rainfall is the main driving force in the hydrology of arid and semi-arid regions. The
hydrological data in arid and semiarid regions is lack due to the absent of field measurement and
scarcity of data. The hydraulic design and management of water systems are not based on the
long-term average of rainfall records but on particular rainfall depths that can be expected for a
specific probability or return period. These rainfall depths can only be obtained by a thorough
analysis of long time series of historic rainfall data. The most common approach for determining
design storm events is frequency analysis. The aim of this paper is to conduct frequency analysis
of annual daily maximum rainfall data for five stations in Kassala State using Hyfran-Plus
software. Frequency rainfall analysis showed that the Log person type 3, Person type 3, Three-
Parameter Log Normal, Three-Parameter Log Normal and Normal distributions provided the
best-fit probability distribution at Aroma, Kassala, Mekali, Goz Rigab and Halfa EL Gadeeda
rainfall gauging stations respectively. The analysis has shown that the maximum daily rainfall
record about 118 mm in Aroma station. The maximum daily rainfall with a return period 50 year
is about 103 mm in Kassala station.

Keywords: frequency analysis, rainfall, arid and semiarid, Hyfran-Plus.
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Introduction:

Rainfall is the main driving force in the hydrology of arid and semi-arid regions. It is commonly
subjected to sporadic storms that vary greatly in time and space. Particularly where the rain
gauge network is sparse or absent. The hydraulic design and management of water systems are
not based on the long-term average of rainfall records but on particular rainfall depths that can be
expected for a specific probability or return period. These rainfall depths can only be obtained by
a thorough analysis of long time series of historic rainfall data. The most common approachfor
determining design storm events is frequency analysis (WMO 1990). Frequency analysis is used
to predict how often certain values of a variable phenomenon may occur and to assess the
reliability of the prediction. It is a statistical technique to estimate rainfall depths that can be
expected for selected probabilities or return periods. The estimates are required for determining
design rainfalls and design discharges for the hydraulic design and management.

Fitting a distribution to data sets provides a compact and smoothed representation of the
frequency distribution revealed by the available data, and leads to a systematic procedure for
extrapolation to frequencies beyond the range of the data set. When rainfall variables are well-
described by some family of distributions, a task for the hydrologist is to estimate the parameters
of that distribution so that required quantities and expectations can be calculated with the "fitted"
model. Appropriate choices for distribution functions can be based on examination of the data
using probability plots and moment ratios, the physical origins of the data, previous experience,
and administrative guidelines. Deferent methods and software of frequency analysis are
available.

Several general approaches are available for estimating the parameters of a distribution. A simple
approach is the method of moments (developed by Karl Pearson in 1902), which uses the
available sample to compute an estimate parameters so that the theoretical moments of the
distribution of X exactly equal the corresponding sample moments. Alternatively, still another
method that has strong statistical motivation is the method of maximum likelihood (developed by
R.A. Fisher in 1922). Maximum likelihood estimators (MLEs) have very good statistical
properties in large samples, and experience has shown that they generally do well with records
available in hydrology. However, often MLEs cannot be reduced to simple formulas, so
estimates must be calculated using numerical methods (Kite, 1988). MLEs sometimes perform
poorly when the distribution of the observations deviates in significant ways from the
distribution being fit.

In hydrological research, maximum precipitation is usually determined utilizing lognormal
distribution, normal distribution, Pearson type 3, exponential function, generalized distribution of
extreme value (GEV), Gumbel distribution, Pareto and Weibull distribution

(Amin et al. 2016). This paper aim to conduct frequency analysis of annual daily maximum
rainfall data for five stations in Kassala State has been carried out to be used by researchers,
hydrologists and design engineers for the design of hydraulic structures within study area.
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Study Area:

Kassala state is located in eastern Sudan and lies between latitudes 14.45 and 17.15 north and
longitudes 34.40 and 37 east. It has international borders with Ethiopia and Eritrea in the east,
and national borders with Red Sea state in the north, River Nile state and Khartoum states in the
north-west and Gedaref state in the southwest. The total area of the state is 52,949 square
kilometers, which represent 2.25 per cent of the total area of Sudan with population density of
47.6 persons per square kilometer. Administratively, Kassala state is divided into eleven
localities (Atbara River, Hamashkoreeb, Kassala Town, New Halfa, North Delta, Rural Aroma,
Rural Kassala, Seteet, Wad El Helew, West Kassala, Telkok). As many parts of Sudan, the
climate in Kassala is semi-tropical. The rainfall rate ranges between 104 millimeters in Kassala
city, and 300 millimeters at Wad el Helew locality. Almost every year, Kassala state is struck by
natural disasters, including floods, droughts and subsequent desertification (UNICEF, 2022).
Tablelshows locations of rainfall stations in the study area. Figl and tablel show the location
map of the study area and rainfall station.
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Figure 1: Location Map of the study area (UNICEF, 2022)

Table (1) Rainfall Stations in the Study Area

Stations Start End N.O of years E N
AROMA 1927 1991 62 36.15 15.83333
KASSALA 1907 2000 92 36.4 15.46667
MEKALI 1939 1979 34 36.3 15.73333
GOZ RIGAB 1944 1979 32 35.5 16.025
HALFA EL GADEEDA 1970 2000 31 35.6 15.31667
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Frequency Analysis of the Annual Daily Maximum Rainfall:

The first step in frequency analysis is to obtain the annual daily maximum values of rainfall from
historical records of selected stations to carry out frequency analysis using the software package
Hyfran-Plus.

The Hyfran-Plus is software package used to fit statistical distribution. It includes a number of
mathematical tools that can be used for statistical analysis of extreme events. It provides the
verification of statistical hypothesis for independence and homogeneity, supports a large number
of statistical probability distributions and several fitting methods. Hyfran-Plus also includes
support for goodness-of-fit tests and information criterion tests for distribution ranking (AMEC-
EIC, 2014).

The daily maximum rainfall data were analyzed for the stations. The following six statistical
distributions were used (Normal (N), Distribution, Two-Parameter Log Normal (LN
INdistribution, Three-Parameter Log Normal (LN [Il)distribution, Person type 3 (P
[)distribution, Log person type 3 (LP IlI), Distribution and Gumbel (Extreme Value Type
I)distribution). Two methods of parameter estimation were also used namely Method of Moment
(MM) and method of Maximum Likelihood (ML). Three goodness of fit criteria; namely,
Kolmogorov Smirnov, Chi square and standard error; were used to judge and obtain the best
distribution. Table (2) shows the basic statistical properties of annual maximum daily rainfall and
the best distributions.

Table (2): Basic Statistical Properties and the Best distributions

Stations No of Statistical Parameter Max in | Fitted | Analysis
years | Mean |S.D |CV |SE Record | Dist. Method

Aroma 61 4332 | 171 | 04 | 2.18 118 LP 11l MM

Kassala 92 51.38 | 20.1 | 0.39 | 21 107 Pl ML

Mekali 32 4391 | 16.3 | 0.37 | 2.81 83 LN Il ML

Goz Rigab 32 29.38 | 15.3 | 0.52 | 2.71 70 LN Il ML

Halfa ELGadeeda | 30 49.1 | 22.4 | 047 | 4.12 100 N MM

Accordingly, the maximum daily rainfall depth for selected return periods (5, 10, 25, 50, 75, 100
and 150years) were determined. The results are shown in Table 3.

Table (3): Daily Maximum Observed Rainfall with various Return Periods

Stations/ Return Periods | 5 | 10 25 | 50 75 100 | 150
Aroma 55| 65 | 79 | 89 96 | 101 | 108
Kassala 67 78 | 93 | 103 | 109 | 113 | 119
Mekali 57| 66 | 78 | 87 91 95 | 100
Goz Rigab 42| 50 | 59 | 65 69 71 74
Halfa EL Gadeeda 68| 79 | 89 | 96 | 100 | 102 | 106
Maximum 68| 79 | 93 | 103 | 109 | 113 | 119
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Conclusion:

Frequency analysis of extreme rainfall events has scientific and practical value in the context of
water resource management. Annual maximum rainfall data based on daily duration at five
rainfall-gauging stations located in Kassala State were used in this study. The purpose of the
study was to find the best-fit probability distribution at Kassala State rainfall gauging stations.
TheLog person type 3, Person type 3,Three-Parameter Log Normal, Three-Parameter Log
Normal and Normal distributions provided the best-fit probability distribution at Aroma,
Kassala, Mekali, Goz Rigab and Halfa EL Gadeeda rainfall gauging stations respectively. The
expected values of designed rainfall using best-fit distribution with different return periods of 25,
50, 75, 100 and 150 years were determined. The analysis has shown that the maximum daily
rainfall record about 118 mm in Aroma station. The maximum daily rainfall with a return period

50 year is about103 mm in Kassala station.
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Introduction:

Integro-differential equations appear in many fields of sciences such as physics, biology and other
fields of applied mathematics. This kind of equations has received considerable attention. Many
researchers used the measure of non-compactness to study the existence of mild solution for various
forms of integral equations, differential equations, and integro-differential equations. The topics of
fractional calculus and (quantum) g-calculus in general and fractional differential equations, especially,
have appeared extensively, and they are one of the applied branches in mathematical analysis which
have enormous impact in exact description of existing real phenomena. In the meantime, in 1910, g-
difference equations were introduced by Jackson. The idea of fractional calculus is to replace the
natural numbers in the derivative’s order with rational ones. Although it seems an elementary
consideration, it has an exciting correspondence explaining some physical phenomena. Studying both
of the theoretical and practical aspects of fractional differential equations (FDEQs) has become a focus
of an extensive international academic research. We derive sufficient conditions for the existence of

solution of the following class of integro-differential equation

dL(t) =[OL(D) + [, [(t—s)L(s)ds +g(t, L(1), | h(t,s,L(s))ds)]dt,

1) tel=[0,T],
L(0) =1,,

where (X,|-])is a real Banach space, Jis the infinitesimal generator of a strongly continuous semi-

group of bounded linear operators (S(t))0 on X and [I(t) is a linear closed operator on X with domain

D(O)c D(D).

The function h: | xIx X—X, with s <t for (s,t)el xI is continuous in X,

g: I x X xX—Xis a Caratheodory function.

We will investigate the existence of solutions for the previously mentioned integro-differential system
since this problem still has not been considered in the literature. Our contributions are: a general class
of integro-differential equation is considered in this work. Then, using functional analysis methods, a
set of sufficient conditions is proposed to ensure the existence of mild solutions. The results are
established through the use of the theory of the resolvent operator in the Grimmer sense. We use the
fact that the operator-norm continuity of the resolvent operator is equivalent to that of the semi-group.
This property allows us to drop the supposition that the operator semi-group is compact. This is an

interesting result in itself and is of key practical importance. Throughout this section (X,|-|) is a
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Banach space and C(1,X) denote the Banach space of continuous functions from | into X furnished by

the usual supremum norm || L ||=sup|L(t)|, VL e C(l,X).

tel
Next to be able to reach existence of mild solutions for (1), we recall some details on partial integro-
differential equations and resolvent operators that will be used to establish the key results.

We look at the following Cauchy problem

) {x'(t) = Ox () + [ T (t—s)x(s)ds fort=0,
X(0) =X, € X,

where X is a Banach space, O and [J(t) are closed linear operators on X with domains D(O)cD(0). Y
represents the Banach space D(O) furnished with the graph norm defined by |y|y := |Oy|+]y| for yeY.
We denote by C([0,+); Y), and B(Y, X), the space of all continuous functions from [0,+x) into Y, the
set of all bounded linear operators from Y into X, respectively. If X =Y, we write B(X) instead of
B(X,X).
In particular, Agarwal et al. (2007)studied the following problem:

Do, x(t) =f(t,x(t)), tel:=[0,0), uel2],

{X(O) =0, X bound on [0,),

where D, is the Riemann-Liouville fractional derivative of order u, f is a given function.We deal with

the following boundary value problem (BVP)

{H DO x(t) =f,(t,x(t)), ted:=[LTI,

© x(1) =x(T) =0,

where 1 < u(t) < 2, fi: IxX —X is a continuous function and " fot), Hlfft), are the Hadamard

fractional derivative and integral of variable-order u(t).The formal definitions and properties of the
Hadamard fractional derivatives andintegrals of variable-order.The goal of our research is to propose
new existence criteria for the solutions of (3). In addition, we study the stability of the obtained solution
of (3) in the sense of Ulam-Hyers-Rassias (UHR)(Karapinaret al., 2021).

Definition(1) We call resolvent operator for the problem (2), a bounded linear operator valued function
R(t)eB(X) for t > 0, having the following properties:(Mariam et al., 2021).

a) R(0)=I (identity operator on X) and ||R(t)||< Me" for some constants M and [ [J;

b) for each xeX, R(t)x is strongly continuous for t > 0;

c) R(t)eB(Y) for t >0, for xeY, R(-) xeC%([0,+x),X) N C([0,+0), Y) and
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R'(t)=OR(D)x + [ T(t-8)R(s)ds,, = R()OX + [ R(t—~s)[(s)xds, for t >0,

Remark(2) The above example shows that in general, the resolvent operator R(t)=o for equation (2)
does not satisfy the semi-group law, namely,
R(t+s) # R(1)R(s) for some t, s > 0.

The existence of resolvent operator has been discussed. In what follows, we suppose the following
assumptions (Mariam et al., 2021).
(H1) O is the infinitesimal generator of strongly continuous semi-group (R(t))=o0 on X.
(H2) For all t > 0, I'(t) is closed operator from D(O) to X and I'(t) e B(Y,X). For any yeY, the map t—
I'(t)y is bounded, differentiable and the derivative
t— I"'(t)y is bounded uniformly continuous on R*.
Definition(3) We call mild solution of the system (1), a function LeC(1,X) for which the
following integral equation is satisfied

L(t) = R()L, + f; R(t—s)g(s, L(S),fosh(s,% L(&))dg)ds -
In order to prove our results, we introduce the following assumptions.
(Hs) There is a continuous function u: I-R*, such that

lg(t,x,y)| < u(t)([x[+ly]) for all x,yeX and a.e. tel.

(H4) There are integrable functions pi(i = 1,2): I—>R", such that:

v(9(t,01,02)) < p1(t)v(O1) + p2o(t2)v(0O2),for a.e. tel and O1,02c X.
(Hs) There is a continuous function v: I->R*, such that:

Ih(t,s,x)|ev(t)|x]|, for a.e. (t,5)ef(t,s)el xI; s <t} and xeX.

(Hs) There is a constant h*> 0, such that:

v(h(t,s,D)) <h*v(D),for a.e. (t,s)ed = f(t,s)el xI; s< t} and DeX.
(Mariam et al., 2021)
Definition (4) Let B be a bounded subset of a Banach space X. The Kuratowski measure of non-
compactnessv is defined by
v(B) = inf{e> 0 : B has a finite cover by sets of diameter smaller than €}.
(Mariam et al., 2021)
Lemma (5) Let X be a Banach space and B,C — X be bounded, then the following properties are
satisfied:(Mariam et al., 2021)
i. v(B) = 0if only if B is relatively compact;

ii. V(E) = v(B); B the closure of B;
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iii. v(C) <v(B), when C c B;
iv. v(C+B) <v(C) + v(B), where C+B = {d |d = b+c; beB, ceC};
v. v(rB) = |rjv(B) for all reR;
vi. v(Conv(B)) = v(B), where Conv(B) is the convex hull of B;
vii. v(CUB) = max(v(C), v(B));
viii. v(CU{x}) = v(C) for all xeX.
Denote by nT (y,e) the modulus of continuity of y on the interval [0,T], i.e.,
n'(L,e) =sup{|L(t) - L(S)|;t,s e I, [t—s|<e&}.
We define,n" (B,€) =sup{n' (L,&),LeB},ng = li_r)rgnT(B, €).
Lemma(6) Let X be a Banach space, B be a bounded subset of X. Then there is a countable and

bounded set Boc B such thatv(B) <2v(Bo).
(Mariam et al., 2021)

Lemma(7) Let X be a Banach space, B :{1n};°:0c C(1,X) be a bounded and countable set. Then

v(B(t)) is Lebesgueintegrable on I, and

v ({1 ©)dske) <2[ v (B(S)ds, tel.

(Mariam et al., 2021)
Lemma(8) Let w(t),u(t) and v(t) be real valued nonnegative continuous function defined on R*, for

which the inequality
W(t) SWo + [ UG W) + [ v(EW(E)dE]ds,
is satisfied for all teR*, where wp is a nonegative constant, then
w(t) <woll+ ; u(s)[exp(| O (U(E)V(E))dE)]ds ], for all teR.

Let the subset W=¢ be convex and bounded, and in the Banach space U with 0 €W, c:\W—W be
continuous. If VW,

) T=conv(Z) or T=o(=) u{0}=KE)=0,

Then o has a fixed point. (Mariam et al., 2021;Traor ea, et al, 2021)

Lemma(9) Let K(t)eU, 0 <a, B <1, peC(I,R\{0}), and reC(I,R).

Then the solution of the following linear generalized Sturm-Liouville-Langeving-difference
FBVP(Boutiaraet al., 2021).
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DY ([p(t) DE +r(w(t) =K(t) , (tel),

w(0)=0,  Diw(T)+mw(T)=0,

(5)

Is given by

(6)W(t):RLIq(i Ny j(t) N (rwj(t)—RngK(T) RngGJ(t)

Proof Taking the ath-g-Riemann-Liouville integral to the FDEq of (5), we get
RL ”3 K(t) +co —r(t)w(t)

p(t)
Where coeR. The second BCs of system (5) give

) Dbw(t) =

Taking the Bth-g-Riemann-Liouville integral to (7), we obtain

@W(t) =g q(i rilg J(t) RL q( J(t) rilg K(T) re (p](t)ﬂl-

Where, c1eR. Using the condition w(0) = 0 of (5), we have ¢1 = 0.
Substituting the obtained value for c1, we derive the g-integral equation (6).
Now, consider the nonlinear generalized Sturm-Liouville-Langevin g-difference FBVP (4). On the

basis of Lemma (1.9), the solutions of (5) correspond to g-integral equation in the following form:
s 1 a g I
wW(t) = rlq ERLI o |(tL,w(t)— gl EW (t)

©))
r 1% o (T, w(T)) Rng[ij (t)

We further will use the following hypotheses.

(H1) o: IxU —U is Caratheodory;

(H2) There exists peC(1,R*) such that|lo(t, w(t))|| < p(t)|[w], Vtel, Ywe U,
(H3) For each tel and each bounded measurable set B — U,

lim «(c(1tnxB),0) < p(t)k(B),
h—0™

Where, « is the Kuratowski MNC and Ith = [t-h, t] N 1.
Set

(10) p =suplp(®),  p =inf[p(t)], 1 =sup|r(t)|

tel € tel
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Existence result via the KMNC-method

Theorem(1) Assume that (H1)-(H2) hold. Then there exists a unique resolvent operator of the Cauchy
problem (2). We have the following theorem that establishes the equivalence between the operator-
norm continuity of the Co-semigroup and the resolvent operator for integral equations. Let O be the
infinitesimal generator of a Co-semigroup (T(t))=o0 and let (I'(t))=o satisfies (H2). Then the resolvent
operator (R(t))=o for equation (2) is operator-norm continuous (or continuous in the uniform operator

topology) for t > 0 if and only if (T(t))=o is operator-norm continuous for t>0(Mariam et al., 2021).

Theorem(2) Let E be a Banach space, Q be a bounded open subset of E and 0Q. Suppose that F: Q

—E is v-condensing and assume thatu #AF(u) for ued and Ae(0,1) hold. Then F has a fixed point in

ﬁ(Mariam et al., 2021).

Theorem(3) Assume that (H1)-(H2) hold. Then there exists a unique resolvent operator of the Cauchy
problem (2). We have the following theorem that establishes the equivalence between the operator-
norm continuity of the Co-semigroup and the resolvent operator for integral equations. Let O be the
infinitesimal generator of a Co-semigroup (T(t))=o and let (CI(t))=o satisfies (Hz). Then the resolvent
operator (R(t))=o for equation (2) is operator-norm continuous (or continuous in the uniform operator
topology) for t > 0 if and only if (T(t))eo is operator-norm continuous fort > 0(Mariam et al., 2021).
Theorem(4)Assume that equation(2) has a resolvent operator(R(t))=o which is continuous in the
operator-norm topology for t > 0 and hypotheses (H1)-(Hs) hold. Then there exists at least one mild
solution of (1).

Proof. Let Q: C(J,X)—C(J,X), be a operator defined by

(QL)(®) = R(DL, + [ R(t—5)g(s, L(s). [ h(s. & L&) de)ds -

A mild solution of the system (1) is a fixed point of the operator Q. Let P be a positive constant. We
consider the set Bp={LeC(J,X): |IL|| < P}. The proof will be splited into the following steps(Mariam et
al., 2021).

Step 1. Q(Bp) is bounded for any bounded set Bp. For LeBp, and tel, we have

1QLI®) <I R 1Lo [+[ I R(t=5) [ g (s, L(s), ds| ] h(s,& L(Z))dE)ds
<N Lo [+N[  u@)( L) +[; v(s,|L(E) DdE)ds < N| L, |

+NPT||u||(1+%||v||j<oo

Thus Q(Bp) is bounded for all LeBe.
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Step 2. Q is continuous. To seek this, let (in)nen be a convergent sequence in Bp such that t»—t. Then

we have, for all tel

1 Q) - ()OI
<NJ 19 (5,106).f; N(5.E1,(2)d8) ~g (51(5), |, (s, & 1(£)dE) | ds

Since h is continuous and g is a Caratheodory function, using the Lebesgue dominated convergence
theorem, we obtain ||Qun- Qt||—0 as n—>+oo,
which implies that Q is a continuous operator on Be.

Step 3. Q(Bp) is equicontinuous. Let ti,tze 1 with t;< t, and LeBp. We have:

[ (@QL)(L,) - (QUY(t) <] [} (R(t, —5) = R(t; ~9))a(s,L(s), |, h(s. &, L(E))de) ds |
+1[2R(t, ~9)9(5, L), [ h(s., L(E)de) ds|

< [UIR(, =) = R(t, =) s () LE) |+ v(E) | L(E) | dE)ds.

N[ T UE(LE) |+, v(E©ILE) | de)ds

We obtain

| QU(t,) - QL) I<P[ IR(t, ~5) - R(t; 5 | g0 U @+ [[ v(£)de) ds

+ NPj:zsupl u(t)| @+ [ sup | v(t)| dE)ds

1 tel

<P[ M IR(t, =)~ R(t; =) lapo UE)A+ [, vE)AE) ds+ NPl [, @+s] vIDds
<P[*IR(t, =)~ R(t, ) s UES) A+ [ V(E)AE)ds
FNPIUT (G )+ 21V (& - 6)7),

By Theorem (2.3), the right-hand side of the above inequality tends to zero as t, - t1—0. Consequently
Q(Bp) is equi-continuous.
Setp 4. We show that Q is condensing operator. Let v*(D) be the measure of non-compactness defined

on the family of bounded subsets of the space

c(l, X) by, v'(D) =g (D) +sup e POv(D(t)),

tel

where, p(t) :4Nj; (p,(s) + 2h"sp,(s))ds, &=1, V(D(t)) = sup v(D(s)).

se[0,]
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For all D < B, Q(D) is bounded. Therefore, a countable set Dy ={1,}_; < D exists by Lemma (1.5)

so that
(11) v(Q(D)(t)) < 2v(Q(Do)(t)) for eachtel.
By the properties of v, hypotheses (Hz),(H4),(Hs), and Lemmas (1.5) and (1.6), we obtain

V1D = v({[; =996 1,6). [ h(s.&.1, (E)dDdsH 7
<2NJ{ {v (9051, (9). [, (.61, (€)dE)} o

< 2N[( pu(SHV (Do + po (SHV([, (5. 1y (@B} )

0

<2NJ; (Pu(SHY (1 N Fico + 2072 OL(; v (E 1y (D} Jds
<2N, POV (Do) +20"p, ), V(Do (&) s
<2NJ (p1(5)v (Ds (5)) +21"p, (5)s sup v(Dy (5)))ds

gel0.]

<2N[ (py(5) sup v (D (5))+ 2P (5)s P v(Do(E))s

<2N[ (py(5) +2h"sp,(5)) sup v(Dy(s))ds

se[0,1]

From inequality (11), it follows that

v(QD(1)) <4N[ (p,(s) + 20"p, (5)s) V(D(s)) ds .

We know v(QD(t)) < 4N j Ot (p,(S) + 2h"sp, (s))e>*®) e =PI H(D(s)) ds

Then, e =Py (QD(t)) < ésup e PO F(D(t))
tel
Hence, e >*Ogup v(QD(t)) < %sup e >POF(D(1))
tel tel

since e "sup, oy v(QD(S)) <e™"Vsup,, V(QD(1)),
We obtain, e =P sup v(QD(s))slsup e P F(D(1)).
s€f0,1] tel

Then
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12) e 5P 5(QD(1)) S%sup e PO 5(D(1))

tel

From Step 3 and inequality (12), we obtain v*(QD) < v*(D) .Consequently, Q is condensing.

Step 5. We show that there is an open set O < C(I,X) with L #BQ(L), for B€(0,1) and LedO. Let
LeC(1,X), suppose that L = BQ(L) for B<(0,1). Then

L(® <BR(OL, +B, R(t-5)g(s,L(s), f h(s. & L()dE) ds

By (H1)-(Hs) and (Hs), for each tel, we have
ILOIIRM I, 1Lol+[, IR(E=9) s uE) (L) | +]; v(E) I L(E) |dE)ds
<NILo [+N[ U@ (L(S) [+, v(E) | L(E) | dE)ds

By Lemma (1.8), we get

L@ 1= NJ Lo 1+ ]; Nu(©)exp([; (Nu(@) + v() de) ds )

<N|L, |(1+ NL: sup |u(t)|exp(j§(NstuE) lu(t) | +sup | v(t)]) d&) dsj

tel
SNJLo [+ NT [ ul[exp(T(Null+[vID) ==
Thus, we get ||L|| < t. We consider the set, O = {LeC(I,X): ||L|| <t + 1}.
By the choice of O, there is no LedO thus L= BQ(L), for Be(0,1). Thus by Theorem (2.2), we conclude
that Q has a fixed point that is a solution of the system (1).
Theorem(2.5) Let L be nonempty, closed, bounded and convex subset ofa Banach space X and W:
A—A a continuous operator satisfying
C(W(S)) <Kk{(S) for any (S =) A, kelO0, 1).
Then, W has at least one fixed point in A.(Reficeet al., 2021)
Some Examples
Example(1) Let

V(t):{l,tE[l,Z] u(t):{Z,te[l,Z]

2,te]2,4], 1 te]2.4], f,(t)=1 te[L4],
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H Iu(t)( IV(t))f2 (t) —

ﬁlg( —){ﬁ —(g) d+ﬁj‘ —(|09) d}ds
F(l)J. =(log {% —(og ) dt+ ﬁ —(Iog ) d}
1 t] t _
Hlu(t)+v(t)f t) = “(log- u(t)+v(t) 1f d
R0 = Fam v 1 109 2(5)ds
Thus, we get

RO () =

1 1 (31 1 S\
ﬁ —(I g )[I092+ (log ) }ds+Fl)I2—[logZ+—(log§) }d5z0.9013
H pu(t)+v(t) 1 - - "

1O, (1) ] _y= o j ( og= )ds G )j (log )ds ~0.2209

We obtain Iu(t)( Iv(t))fz (1) |, ™ |f+(t)+v(t)f2 (t) l¢=s-

(Ahmed Reficeet al., 2021)
Example(2)We consider the following semi-linear-integro-differential
Equation(Mariam et al., 2021)

__(@ ana b”i@+wa@

o’
» t O°X(s,8) - 0X(5,8) ~ | X(t,6)
(13) + £ 2(t- ){ 5 +b e CX(S@_ S D X))

—t s
(\/_ +el)(t+1)J(1+s +\g)((1(;r5 |§>3 (5,9))) ds. tel0.T]. Selod]
X(t,0) = x(t,1) = 0, for t[0, T],
x(0,£) = Xo, te[0,T],[0,1],
where = : R* R is continuous function, B ,CeR.

Let X = L?%(0,1). We define the operator O induced on X as follows:
D(0) = H*(0,1) nH(0,),
Oz=z"+bz'+¢Cz, b,ceR.
We know that O is the infinitesimal generator of an analytic Cosemigroup (S(t))=o on X. Since the

semigroup generated by O is analytic, then it is norm continuous for t > 0.
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We define the operators I'(t): Y = X as follows:
I'(t)N = Z(t)ON for t > 0 and NeD(O).

For every te[0,T], we define

L(t) =x(t.C)

B 1 e
g(t,y,2)(€) = D Yo y(t,&) + (\/f+l)(t+1)z(t’(t°)’
(L5, )(E) = YD)

1+s® + )L+ y3(t,8)
Thus, (13) takes the following abstract form
dL(t) =[OL(t) + I [, T(t-s)L(s)ds +g(t, L (1), | h(t,s,L(s))ds] dt.

(14) tel=[0,T],
L(0) =1,.

We suppose = is a bounded and C! function such that Z'is bounded and uniformly continuous which
implies that the operator I'(t) satisfies (H2). Thus from Theorem(2.3), problem(14) has a resolvent

operator (R(t))=0 on X which is norm continuous for t > 0.

We have |g(t,y,z>|=ﬁ(|y(t,¢)|+|z(t,a)|),

and
Jt
(15) [h(t.s,y) = —y(t.9)].
1+t
» - . 1 Jt
Hence conditions (Hs) and (Hs) are satisfied withy(t) = ——, v(t)=—.
1+t 1+t
From the definition of g, for every tel, and By, BoeBc X, we have
VBB < V(B v(B,)
Jt+1 (1++/3)(1+1) .
"y P 1 e
Hence condition (Ha) is satisfied with, (ty= —— and L S—
PV Jt+1 P2 1++/3)(A+1)

By (15), for every tel and B< X, we have v(h(t,s,B)) < sup,_, ﬁlv(B) , then
t+

v(h(t,s,B)) < \EV(B)
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Hence (Hs) is satisfied with h* =43, Finally, all assumptions of our main results are satisfied. From
2

Theorem(2.4), we deduce the existence of solution of system(13).

Conclusions

A boundary value problem for Hadamard fractional differential equations of variable order is studied. It
leads to the necessity of obtaining existence criteria for a boundary value problem for Hadamard
fractional differential equations of variable order. Also, the stability in the sense of Ulam-Hyers-
Rassias is investigated. The results are obtained based on the Kuratowski measure of non-compactness.
We provided required criteria for the existence/uniqueness of solutions to a new category of nonlinear
generalized Sturm-Liouville-Langevin g-difference FBVP. We dealt with a technique involving the
Kuratowski measure of noncompactness (KMNC) along with a fixed point theorem ofMénch type. We
created generalized Ulam-Hyers (UH) andUlam-Hyers (GUH) stability were established for the
proposed nonlinear generalized Sturm-Liouville-Langevin g-difference FBVP.
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Abstract:

This research was conducted using the Kali Linux operating system, which is a specialized
platform in cyber security and penetration testing due to its powerful tools for network
analysis and vulnerability detection. Open-source tools such as Wireshark and T Shark were
employed to capture and analyze network traffic, enabling the researcher to study network
data flows in detail and with precision. After data collection, the Local Outlier Factor (LOF)
algorithm was implemented using Python and the scikit-learn library- one of the most
prominent machine learning libraries for data analysis and anomaly detection. The study also
referred to a set of modern academic sources and scientific papers discussing cybersecurity
and data analysis, including works that examined the effectiveness of the LOF algorithm in
detecting abnormal network activities.

Keywords: Local Outlier Factor — LOF, Anomaly Detection, Network Security, Denial of
Service - DoS Attacks, Network Traffic Analysis.
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Introduction

The purpose of this research is to study and apply the Local Outlier Factor (LOF) algorithm
to detect abnormal activities in network traffic that may indicate potential cyber attacks, such
as Denial of Service (DoS) attacks.

The importance of this study arises from the growing reliance of organizations on digital
networks, making them increasingly vulnerable to cyber threats aiming to disrupt services or
steal sensitive data.

The research adopts an analytical and practical methodology that combines the theoretical
understanding of anomaly detection algorithms with real-world implementation in a
controlled cyber security environment using open-source tools. This dual approach enhances
both the scientific and practical contributions of the study to the field of cyber security.
Research Problem

The main problem addressed in this study can be formulated as follows: How can the Local
Outlier Factor (LOF) algorithm be used to detect abnormal or suspicious network traffic to
prevent Denial of Service (DoS) attacks?

This problem stems from the growing need for intelligent and efficient tools capable of
analyzing massive amounts of real-time network data and accurately distinguishing between
normal and anomalous behavior.

Significance of the Research

The importance of this study lies in two main aspects:

Scientific significance:

It expands the understanding of applying artificial intelligence techniques, particularly the
LOF algorithm, in data analysis and anomaly detection, thus enriching the theoretical aspect
of cybersecurity research.

Practical significance:

It provides a real-world application of the LOF algorithm using free and open source tools,
enabling organizations to adopt the findings without high costs or reliance on proprietary
software.

In an era where cyber attacks are becoming more frequent and complex, developing proactive
defensive mechanisms is essential for protecting information systems.

Main Research Question and Results

Main Question:

Can the Local Outlier Factor (LOF) algorithm accurately detect suspicious network traffic
within a local network?

Results:

Experimental results showed that the LOF algorithm successfully identified anomalous
packets with high accuracy by distinguishing between normal and suspicious traffic based on
local density analysis.

The effectiveness of the algorithm increased when using well-tuned parameters and a
balanced number of neighbors (K), minimizing false detection rates.

Research Hypotheses

There is a positive correlation between applying the LOF algorithm and improving the
accuracy of abnormal traffic detection.

Converting PCAP files to CSV using TShark enhances the analysis process and result
accuracy.

Open-source tools can achieve results comparable to commercial software in network traffic
analysis.
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Research Obijectives

To apply the LOF algorithm for analyzing network traffic and detecting anomalies.

To use open-source tools in collecting and analyzing network data.

To convert network data from PCAP to CSV format for statistical analysis.

To evaluate the performance of the LOF algorithm in terms of accuracy and efficiency in
detecting abnormal activities.

Research Questions

How accurate is the LOF algorithm in detecting suspicious network traffic?

How effective is converting data to CSV format for statistical analysis?

Can open-source tools such as Wireshark replace commercial tools for traffic analysis?

How do data characteristics (size, frequency, density) affect the performance of the LOF
algorithm?

Key Term

LOF: Local Outlier Factor algorithm used for detecting outliers based on local density.

DoS: Denial of Service attacks that aim to disrupt or disable networks.

PCAP: A file format used to store captured network packets.

CSV: Comma-separated values format used for tabular data analysis.

Wireshark / TShark: Open-source tools for capturing and analyzing network packets.
Theoretical Framework

The theoretical framework reviews concepts related to information security and digital
threats, particularly Distributed Denial of Service (DDoS) attacks. It also explains the concept
of Anomaly Detection, one of the most important applications of machine learning in
cybersecurity, which aims to identify behaviors that deviate from normal patterns.

The LOF algorithm is one of the most efficient techniques in this area because it measures
the local density of each data point compared to its neighbors to determine whether it
represents abnormal behavior.

Study Variables

Independent Variable: Local Outlier Factor (LOF) algorithm.

Dependent Variable: Accuracy level in detecting anomalous network packets.

Research Methodology

The study adopted an applied analytical approach, combining theoretical and practical
aspects through the following steps:

Capturing network traffic in Kali Linux using Wireshark.

Saving the captured traffic in PCAP format and converting it to CSV using TShark.
Analyzing the data with Python and implementing the LOF algorithm via scikit-learn.
Evaluating results by comparing normal and anomalous packet classifications.

Research Population and Sample

The research population consists of network traffic within a local network environment
designed specifically for this study under Kali Linux.

The network was configured to simulate real-world scenarios containing both normal and
malicious traffic (such as DoS attacks).

Servers and clients were set up to generate and capture traffic under controlled conditions.
The sample includes a selected set of network packets captured during simulated DoS attack
experiments using tcpdump. These data were saved in PCAP files and analyzed to identify
abnormal patterns.

This sample effectively represents the variation between normal and suspicious behavior,
allowing for accurate evaluation of the LOF algorithm’s performance.
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Tools Used

The research relied on a collection of highly reliable open-source tools for network analysis
and cybersecurity:

Wireshark / TShark: For capturing and analyzing network packets within the local network.
tcpdump: For capturing raw traffic and saving it in PCAP format for later analysis.

Python: Used to implement the LOF algorithm through the scikit-learn library and to perform
statistical and visual analysis.

Kali Linux: The primary operating environment containing all the above tools, widely used
for cybersecurity research and penetration testing.

This combination allowed the study to implement a complete methodology that integrates
practical data collection with analytical evaluation.

Previous Studies

Several previous studies have addressed network anomaly detection using density based
algorithms such as LOF.

Notably, Breunig et al. (2000) introduced LOF as a measure for identifying local density-
based outliers.

Ahmed et al. (2016) reviewed various network anomaly detection techniques and emphasized
the effectiveness of unsupervised approaches like LOF. Sommer and Paxson (2010)
highlighted the importance of integrating machine learning with network analysis to
overcome traditional limitations in signature-based detection systems.

What distinguishes this research is its practical application of the LOF algorithm in an open-
source environment (Kali Linux) using real captured data simulating DoS attacks.

This practical dimension enhances the credibility of the results and represents a valuable
contribution to proactive cyber defense.

Findings and Results

The algorithm was successfully implemented in Kali Linux after capturing traffic using the
mentioned tools.

Analysis was conducted on a dataset that included both normal and malicious network
activities.

Results demonstrated that the LOF algorithm accurately identified abnormal packets by
analyzing their local density compared to neighboring points.

When an instance exhibited significantly lower density than its neighbors, it was classified as
anomalous.

Statistical analysis revealed that the detection accuracy exceeded 92%, with reduced false-
positive rates when using an appropriate number of neighbors (K). These findings indicate
that the proposed method can effectively support early warning systems in cyber security and
provide a cost-effective, reliable detection mechanism.

Discussion

The findings confirm that using the Local Outlier Factor (LOF) algorithm is a powerful
approach for detecting network anomalies.

One of its strengths lies in its ability to detect abnormal patterns without requiring labeled
training data, making it ideal for dynamic network environments. The performance of the
algorithm depends heavily on the number of neighbors (K); smaller values increase
sensitivity to small changes, while larger values reduce it. Open-source tools such as
Wireshark and TShark provided accurate and efficient data collection in Kali Linux, ensuring
a reproducible experimental setup. Combining statistical analysis with machine learning
algorithms shows great potential for developing adaptive and intelligent intrusion detection
systems.
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Al-based methods complement human expertise rather than replace it, enhancing detection

precision and reducing analyst workload.

Conclusion

The study concludes that the Local Outlier Factor (LOF) algorithm is an effective and

flexible method for detecting abnormal network traffic and mitigating early-stage cyber

threats.

It demonstrated high accuracy in distinguishing between normal and anomalous packets,

making it a suitable component for intelligent security systems. The use of an open-source

environment (Kali Linux) allowed efficient experimentation with low cost while maintaining

high reliability.

The study recommends further research combining LOF with other algorithms such as

Isolation Forest and One-Class SVM, as well as exploring Deep Learning techniques to

enhance adaptive real-time detection capabilities.
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Abstract:

In This paper we present two methods, the first one is a powerful iterative method called
Residual power series method introduced to obtain approximate solutions of nonlinear time-
dependent generalized Fitzhugh-Nagumo equation with time-dependent coefficients and
Sharma-Tasso-Olver equation subjected to certain initial conditions. In the second method we
used Bernstein polynomials to modify the Adomian decomposition method which can be
used to solve linear and nonlinear equations. Furthermore, the obtained results demonstrate
reliability and activity of the proposed technique. Comparison with Other traditional
technique

Keyward: Residual power series method, nonlinear time-dependent generalized Fitzhugh-
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Introduction:
We employ Residual Power Series Method (RPSM )to obtain the numerical solution for
generalized Fitzhugh—Nagumo equation (FNE) with time-dependent coefficients [2] and
Sharma-Tasso—Olver equation (STOE) [3].Nonlinear time-dependent generalized FNE [4]
Ut + cos(t)ux— cos(t)uxx + 2 cos(t)(u(l —u)(p—u)) =0

(1) (x,t) e [A,B]x [0, T], 0 < p<l

subjected to the initial condition
P, P PX
Qu(x,0)==+=sin| — |, xe[A,B
@u(x0)=2+ Bsin 2| xefa el

Using specific solitary wave ansatz and the Tanh method (TanhM), new variety of soliton
solutions are introduced and applied [Triki and Wazwaz, 2013; Bhrawy and Jacobi, 2013]
the Jacobi—Gauss—Lobatto collocation method to solve the generalized FNE. In recent years,
many physicists and mathematicians have paid much attention to the FNE on account of its
importance in mathematical physics[Abbasbandy, 2008; Li and Gua, 2006]. The following

nonlinear equation is obtained

3

u, + a(u3)+ —(u3)xX —oau,, =0
3) 2

where a is a real parameter and u(x, t) is the unknown function depending on the variable t
and x. Equation (3) be called STOE . The STOE applied in physical and sciences [Abu
Arqub, 2013]. In addition,, fractional sub-equation method is used to construct exact solution
of the nonlinear fractional STOE [Jafari et al., 2013].
2-Time-Dependent Generalized FNE

Consider generalized FNE with time-dependent coefficients(2) and (1).

The exact solution for equation (2) is

u(x,t)= g + gtanh(g(x ~-(3- p)sin(t))j,

We apply the RPSM to find out series solution for this equation subjected to given initial
conditions by replacing its power series expansion with its truncated residual function. From
this equation, a repetition formula for the calculation of coefficients is supplied ,while
coefficients in power series expansion can be calculated repeatedly from the truncated

residual function.[10]Suppose that the solution takes the expansion form
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@u=Yf (x)t", 0<t<R, xel

u=0

Next, we let uk to denote kth, truncated series of u
G)u, = Ek:fn(x)t”, 0<t<R, xel
u=0
where uo =fo(x)=u(x, 0)=f (x):Equation (5) can be written as
@®u, =f(x)+ Zk:fn(x)t”, 0<t<R, xelk=Low
u=0
First, to find the value of coefficients fa(x),n=1, 2, 3, ..., k in series expansion of equation(5),

we define residual function Res, for equation (1), as

Res =u, +cos(t)u, —cos(t)u,, +2cos(u(l—u)p—u))

and the kth residual function, Resk , as follows
Res, = (uy), +cos(t)u), —cos(t)uy ),
(7)
+2c0s(t)uy (L-u fp —uy))
k=1,2,3, ...

it is clear that Res=0 and lim Res, Res

k—k

foreachx e landt=0.

Then, (0'Res=0ct")=0 when t=0 for each r=0,_k. To determine f1(x), we write k=1 in equation
()
Res, = (uy ), +cos(t)u, ), —cos(t)u ),

Y + 2c05(t)u, (1, N —v,)
where

us=f (x)+tf1(x)
for

From equation (7), we deduce that Res;=0 (t=0)and thus
©f,(x)= %(— 3+ p)p®sec h{%)
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Therefore, the 1st residual power series (RPS)approximate solutions are
1 X
(10) u =—+ptanh( j+— —3+ 2sechz[p—jt
1=57 5 2 4( p)p >

Similarly, to find out the form of the second unknown coefficient, f2(x), we write
up=F (X)+tf1(x)+t2f2(X)

in Res,.

(ORes>=0t)=0 (t=0) and thus

D, (x)= ——( 3+p)pisech ( > jtanh[ > j
Therefore, the 2nd RPS approximate solutions are

_pP_.P pX pX
u tanh + = (—3+ sech t
, =242 [zj (-3+p)p? [zj

——(—3+ p)’p*sech? [ > jtanh[ > ) t.

Similarly, we write

Us=f (x)+tf1(X)+t2f2(X)+t3f3(x)
in Ress.
(0?Resz=0t?)=0 (t=0) and thus

(12)

f3(x)=4i8p2(—3+ p?> —54p° +18p* — 2p°

(13) + 3cosh(px) — pcosh(px) — 27p? cosh(px)
+ 27p° cosh(px) —9p* cosh(px)

+ p°scosh(px))sech’ (p—zxj

Therefore, the 3rd RPS approximate solutions are

P, P px) 1 2 2 PX
U, =—+ —tanh| =— |+ =(—3+ sech”| — |t
=B+ P [zj (—3+p)p (zj

——(—3+ p)’p°sech [ > jtanh(pzxjtz

+4iSp (- 3+ p? —54p® +18p* — 2p°

+ 3cosh(px)— p cosh(px)—27p? cosh(px)

(14)

+ 27p° cosh(px)— 9p* cosh(px)

—9p°scosh(px))sech* (%j
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Consider equation (3) with the initial condition [Jawad et al., 2010].

1
1+e

u(x,t)=

X

The exact solution for equation (3) is
1

—(x—at)

u(x, 1) = 1+e

We apply the RPSM to find out series solution for this equation.
15 u=>f (xk", 0<t<R, xel
n=0
where uk is the truncated series of u

ayu, = 3f, (X", 0<t<R, xel
n=0

where uo=fo(x)=u(x, 0)=f (x).
To find the value of coefficients fn(x),n=1, 2, 3, ..., k in series expansion of equation (5),we

define residual function Res, for equation (3), as
3
Res=u, + oc(u3)x + Eoc(uz)xx + ol

and the kth residual function, Resk , as follows

XX + 0L(u)xxxk

(17)Res, = (u,), +oc(u3|<)X +ga(uk2)

k=123, ...

To determine f1(x), we write k=1 in equation (17)

(18) Res, = (u,), + oc(u 31)X + g oc(ul2 )XX +ou(uy ).,

where
ur=f (x)+tf1(x)
for

1
1+e*

Uo = fo(X) = f(X) = U(X’O) =

From equation (18), we deduce that Res;=0(t=0) and thus

19y,, - 1  e'a
()u°_1+e‘x (1+ex)2t
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Similarly, to find out the form of the second unknown coefficient, f2(x), we write
uz=F (X)+tf1(X)+t2f2(x)

in Resy.

(ORes>=0t)=0 (t=0) and thus

0, (x)= " (—1+ " )ocz

3
2(1+ ex)
Therefore, the 2nd RPS approximate solutions are
1 e*a e"(—1+e")oc2 5
u, = — — >t — —t
l+e (1+ex) 2(1+ex)

Similarly, we write

us=f (X)+tf1(X)+t2f2(x)+13f3(x)
in Resy.
(0?Res=0t?)=0 (t=0) and thus

X X 2X 3

6(1+ e )4
Therefore, the 3rd RPS approximate solutions are
", - 1_X _e'a : t_ex(—1+exgoczt2
(22) l1+e (1+ ex) 2(1+ ex)
B ex(—1—4ex +e* o’
6(1+e)
and

e*(—1-11e* —11e®* + e Jo*
BTl =- | 24(1+ e f

3-Adomian Decomposition Method with Modified Bernstein Polynomials:
Definition( 1)

. The Bernstein basis polynomials of degree m over the interval [0, 1] are
defined by

@000 <[ T -
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where the binomial coefficient is

(7)-rt

For example, when m=5, then the Bernstein terms are
B2s (x) = 10x2 (1 — x)3

(26)2B3° (x) = Bos (x) = (1 — x)°

Bis (x) = 5x(1 — x)*

10x3 (1 — x)?
B4 (x) = 5x* (1 — x)
B> (x) = x°

Definition ( 2) Bernstein polynomials

A linear combination of Bernstein basis polynomials

m
(27) Bm (X) = Z Bm,i (X}}i
i=0
is called the Bernstein polynomials of degree m, where [iarethe Bernstein
coefficients.[Ahmed and Ekhlass, 2018]
Definition (3)

Let f be a real valued function defined and bounded on [0, 1]; let Bm(f) be the polynomial on
[0, 1],defined by

L O ) )

where Bn(f) is the m-th Bernstein polynomials for f(x).

For each function f: [0,1] —R, we have
29) lim B! (x)=f(x)
m-—o0

Example If f (x) = eX, x € [0, 1] then the Bernstein expanded for the function f (x) when m=5

B, (f)=F(0)1—x)° + f(%)Sx(l— X + f(%)lez(l— X)?
+ f(g)Sx“(l— x)* + f(x)x®

(30) B, (f)=e’(1—x)® +5e"°x(1—x)> +10e?°x?(1— x )’

+10e®*°x3(1— x)+5e*°x*(1— x)+ e'x®
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If the 2k-th order derivative f2%(x) is bounded in the interval (0,1) then for
each x € [0,1].[Lorentz, 1986].

BB (x)= F(x)+ > (a)(X)Tm,a(X)+ O(#)

al

where
BT, (1) = S k=m0

Remark. Notice that Tma(x) is the a-th central moment of a random variable with a binomial
appropriation with parameters m and x. Clearly, Tm0,0 =1, Tm1 = 0. It is well known that the

sequence {Tma(X)} satisfies the following recurrence.
(33) Tm,a+l (X) - X(l - X)(Tm,a (X) + maTm,a—l (X ))
If we apply (30) to k = 1; 2; 3, then we obtain

B (x) = £(x)+ o(;j
B, (x) = 1)+ L2202 )

m2

B, () = )+ XL XIC)

N x(1— x)(4(l— 2x)F ¥ (x)+ 3x(1— 2x)f (4)(x))f "(x)

24m?
+ O(isj
(34) m
Let us consider the following equation:
Lu + Nu+Ru=g(x) (35)

where L is an invertible linear term, N represents the nonlinear term, and R is the remaining
linear part; from (34)we have
Lu =g (x)— Nu—Ru. (36)
Now, applying the inverse factor L™ to both sides of (36) then by the initial conditions we
find
(37)u = f(x) -L1 Nu—L*Ru,

X

where L™t — .[ (.)dX f(x) are the terms having from integrating the rest of the term g (x) and
0

from utilizing the given initial or boundary conditions. The ADM assumes that N(u)
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(nonlinear term) can be decomposed by an infinite series of polynomials which is expressed

in form
38)  N(u)=>A, (U, Uy, - u,)

where An are the Adomian’s polynomials defined as

COYNE, [N(ik‘uiﬂ , n=012,--

n! da?

(40 g(x)=> a8, (x)
i=0
where Bi(X) is the Bernstein polynomials .Now, using (37) and (40) we have
Up = I—il(aoBo(X)+ alBl(X)+ asz(X)+ et amBm(X))+ G(X),
(41)U1 == 71(Ruo)_ Lﬁl(Nuo)
U, = _I—_l(Rul)_ L_l(Nul)

and so on[ 13]

we improve the function g(x) using modified Bernstein series

(42) g(x) = %[T}(I @—x)"" f(r:qj — wa T . (X)

a=0 a!

And we can approach the derivatives using the Bernstein polynomials

(43)(;1( Bi’m (X) = m(Bifl,m (X)_ Bi,mfl(x))’

Then (4-61) becomes
40 g(x) =3[ M i (1= %)
#4)g(x) ;[ijx (LX) f(mj

Now, using (41) and (44) we have

uo = L (B, () + 0(x),
(45)u1 = L *(Rug)+ L *(Nuyg),
u, =L "(Ru;)+ L*(Nu,),

B zil(d(a)dX(a))Bi’m (x)

e By x)

The above equation is governing equation of ADM using modified Bernstein polynomials.
The obtained approximate solution, Wy(x) = Yj=¢i, by (45) has a comparison with the

classic approximation solution and the correct solution[14-15].
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Example (1) [Ahmed and Ekhlass, 2018] Consider the ordinary equation

2
(46)(;t2/+t?j¥+t2y3—(2+6t e +t2e, y(0)=1,

dy(O) _

dt 2
W]Wthe exact solution (t) = e' . Using (35)we have
L"yd+ Ny + Ry =g (X) (47)

where L= d?/dt?, Ry = t(d/dt) Nyt?y3, and d(x) = (2 +6t)€" + 2%
The Adomian polynomials for representing the nonlinear term Ny are
A, =ty
@8) A, =t?(3ydy, )
A, =t (3y0y2 +3y0y1)

tt
Now L™ =” ):Itdt; then using (28) the classical Bernstein polynomials of g(t) when
00

v=m=6
are
)gb(x) =2 +1.547324t + 9.290164t> + 7.83289¢°
+9.751887t" + 7.659668t + 3.749864t°
And modified Bernstein polynomials (4-63) of g(x) with k=2 are
(50) I (x)=2-0.001037t + 6.922082t* +1.997441¢
+6.737662t" +11.051121¢ +13.124523¢°

(49

By (45), we have

_ d
Yo =L (@ (D) + y(0)+ ()t =1+’
—0.000173t +0.57684t* + 0.099872¢
+0.224589t° +0.263122t + 0.2343671,

(. d )
(51)y, =—L 1[tdtyo] —L7(A,)=-0.25t*

+0.000026 —0.176912t° -0.011877t +
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Y, = —Ll[toclltylj —L*(A,)=0.033333x°

— 0.000003t" + 0.032348¢ —0.011536t +---,

And we obtain

6
52y, (t)=3y, =1+ t? —0.000173F + 0.32684t" +---.
i—0

Conclusion

The RPSM is applied successfully for solving the generalized FNE with time-dependent
coefficients and STOE for certain initial conditions. it is concluded that the RPSM becomes
powerful and efficient in finding numerical solutions for a wide class of nonlinear differential
equations, we show that utilizing modified Bernstein Polynomials Through to modify
performsnceof the Adomian decomposition technique. it can be used specifically for all sort
of differential and integral equations.

Results:

(1) The main advantage of [RPSM] is the simplicity in calculating the coefficients of terms of
the series solution using only the differential operators.

(2) The fundamental stand point of the Adomian decomposition technique is that it can be
used specifically for all sort of differential and integral equations.

(3) We utilize modified Bernstein extensions of the nonlinear term to get more exact

outcomes.
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Abstract:

This paper is a survey of the basic theory of connection on bundles. A generalised notion of
connection on a fibre bundle E over a manifold M is presented. These connections are
characterised by a smooth distribution on E which projects onto a (not necessarily integrable)
distribution on M and which, in addition, is ‘parametrised’ in some specific way by a vector
bundle map from a prescribed vector bundle over M into TM. Some basic properties of these
generalised connections are investigated. Special attention is paid to the class of linear
connections over a vector bundle map.
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Introduction

The theory of connections undoubtedly constitutes one of the most beautiful and most important
chapters of differential geometry, In order to differentiate sections of a vector bundle or vector
fields on a manifold we need to introduce a structure called the connection on a vector
bundle. For example, an affine connection is a structure attached to a differentiable manifold so
that we can differentiate its tensor fields. We first introduce the general theorem of connections
on vector bundles. Then we study the tangent bundle. TMis m-dimensional vector bundle

determine intrinsically by the differentiable structure of an:-dimensional smooth manifold M.

Connections on Vector Bundles

A connection on a fiber bundle is a device that defines a notion of parallel transport on the
bundle, that is, a way to connect or identify fibers over nearby points. If the fiber bundle is a
vector bundle, then the notion of parallel transport is required to be linear. Such a connection is
equivalently specified by a covariant derivative, which is an operator that can differentiate
sections of that bundle along tangent directions in the base manifold . Connections in this
sense generalize, to arbitrary vector bundles, the concept of a linear connection on the tangent
bundle of a smooth manifold, and are sometimes known as linear connections. Nonlinear
connections are connections that are not necessarily linear in this sense.

Preliminaries 1.

We assume that all objects are smooth and all vector bundles are real throughout this paper. Let
M be a manifold, T(M) the tangent bundle. Let V and W be vector bundles over M. The fibre of
V atp € M will be denoted by V, and the dual bundle of V' is denoted by V*. The space of cross-
sections of V will be denoted by I'(V). Let HOM (V,W) be the vector bundle of which fibre
HOM (V,W), at p is the vector space HOM(Vp ,Wp) of linear maps from V,to W,. Especially
HOM (V,V) will be denoted by END (V). Note that HOM (V, W) can be naturally identified with
the tensor product V* @ W. The space of vector bundle homo-morphisms from V to W will be
denoted by HOM (V,W).

Definition 2.[ABE,1985]

Let V be a vector bundle over M. For S € I'(E), we will denote the 1-jet of s by j1(s) and the 1-
jetatp byjpl(s). (General connections) : Let V be a vector bundle over M, Let/* (V) be the 1-jet

bundle of V. A vector bundle homomorphism y € HOM (V, J*(V)) is called a general connection
on V. An endomorphism P":= Aoy € END(V) is called the principal endomorphism of y. A
linear operatorV": I'(V) » I'(T(M)* ® V), de-defined by

Vs :=1"1(JY(P"s) —r(s)) fors € '(V),

is called the covariant derivative of y.
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Definition 3. [Ali et al, 2012]
A connection on a vector bundle E is a map

D:T'(E) » I'(T*M Q E)

which satisfies the following conditions:

i. Foranys;,s, €I'(E),
D51+52 = D51 + DSZ
ii. Forserl(E)andany a € C*(M)
D(as) =da ® s+ aDy

Suppose X is a smooth tangent vector fieldson M and s € I'(E) . let
D,s =< X,D; >

Where<, >represents the pairing between TM and T*M.

Then Dys is a section of E, called the absolute differential quotient or the covariant
derivative of the section s along X.

Theorem 4.JABE,1985]

If V" is the covariant derivative of a general connection y with the principal endomorphism P,
then

Vifs=(df) ® P's+ fV's for f e C(M)seTl(V)
Theorem 5.[Ali et al., 2012]

Suppose D is a connection on a vector bundle E, and p € M. Then there exists a local frame
fieldS in a coordinate neighborhood of p such that the corresponding connection matrix w is
zero at p.

Theorem 6.[ABE,1985]
If Ve (V;P)for P € END(V), then there exists a unique
Yy € HOM(V,J*(V)) such that P" = P and V"=V .
Theorem 7.[Ali et al, 2012]
Suppose X,Yare two arbitrary smooth tangent vector fields on the manifold MThen
R(X,Y) = DDy — DyDy — Dpyy
Theorem 8.[Ali et al., 2012]
The curvature matrix Q satisfies the Bianchi identity

dA=wAQ—-—QAwW.
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Remark 9. [Ali et al., 2012]

If a sections of a vector bundle Esatisfies thecondition D¢ = 0, then s is called a parallel section.
Theorem 10.[Ali et al., 2012]

A connection always exists on a vector bundle.

Definition 11.[Ali et al., 2012]

Let M be a smooth n-dimensional manifold 0,,be the set of smooth functions and I"'(TM) be the
vector space of smooth vector fields. An affine connection on Mis a map (denoted by V)

V:I'(TM) x I'(TM) - ['(TM)
X,Y) » V.Y

Such that

I VX(Yl + YZ) = VXY1 + VXYZ
i G Y =RY+RY

X1+X2

iii. V. (fY)=X(Y + fV,Y
iv. VY =fV,Y;Vf€OyandX,Y € ['(TM)

The existence of parallel sections
Definition 1.[Ali et al., 2012]
The torsion of is the anti-symmetric tensor
T(X,Y) =V,Y -V, X —[X,Y]
where [X, Y]denotes the Lie brackets of the vector fields
Xand Y; V is called symmetricif T = 0.
Definition 2.[Atkins, 2011]
Let 7 : W — Mbe a smooth vector bundle over a differentiable manifold M and let
V:A' (W) = A'(W)

Be a connection on W, where A™ (W) denotes the space of local sectionsU S M - W @
A" M. WeseekthesubsetofiV/

Generated by the local smooth parallel sections of W. Note that a local parallel section X must
satisfy

R(él' fZ)(X) = V$1752X - VEZV$1X - V[fl'EZ]X = O
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For all local vector fields &; and¢é, defined with in the domain of the definition of X. Thus, we
begin with the subset V@ of W consisting of all elements w € W that annihilate the Riemann
curvature: R(x,#)(w) = 0. Then any local parallel section X of W is also a local section of V().
By considering the kernel of these cond fundamental form of the smoothed-out part W Dof (),
one obtains a subset VMof W (®), Continuing to compute the kernel of the second fundamental
form fore a chnew smoothed-out subset leads to a derived flag that will terminate at some subset,
denoted W. We claim that W is the sought for subset of W generated by the local parallel
sections.

Theorem 3.[Atkins, 2011]
Let V be a connection on the smooth vector bundle

m: W - M.
i. IfX:U M — W isa local parallel section then the image of X liesin W.
ii. Suppose that V7 is regular at x € M. Then for everyw € W, there exists a local
parallel sectionX : U € M - WwithX(x) =w .

Corollary 4. [Atkins, 2011]

Let 7 be a regular connection on the smooth vector bundle = : W — M. Then (W, V) is a flat
vector bundle over M.

Corollary 5.[Atkins, 2011]

Let V be a connection on M, regular at x € M. Then V is locally metric at x if and only if
W, contains a positive-definite bilinear form.

Theorem 6. [Cantrijn, 2003]
Given a vector bundlev: N — M, a vector bundle morphismp: N — TM suchthatv =
Ty © p,and afibre bundle mw: E — M. Then, there always exists a p-connection on i .

Conclusion

The theory of connections of vector bundles is important topics in differential geometry , and in
the paper inception, we have mentioned about conduction on connection on a fibre bundle E over
a manifold M. Some theories about Connections on the Parallel Vector Fields has presented in
this paper.
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Abstract :

Concrete-framed buildings with reinforcement are commonly favored over other
building types in Sudan. These buildings often utilize flat and hollow block slabs. When
designing these structures, it is necessary to determine the most suitable slab type that
can withstand both gravitational and lateral loads while keeping costs to a minimum.
However, the selection of slab type is often overlooked by designers, who tend to focus
more on other structural elements like beams, columns, and walls. As a result, the
structural contribution of floors in building design is often not adequately assessed. It is
crucial to thoroughly examine this aspect from the very beginning of the design process.
This study aims to evaluate the effects of two types of slabs on multi-story reinforced
concrete buildings, exploring their structural behaviors in an effort to reduce overall
costs. A total of 18 structural models were created, analyzed, and designed according to
the BS 8110 and UBC97 standards. In these analysis, the important factors taken into
account were the type of slab system (either flat or hollow block), the number of floors
(10, 15, and 20), and the span length (5, 7.5, and 9 meters). The buildings were assumed
to be residential buildings located in a seismic zone 2A in Atbara, Sudan. The results
showed that buildings with flat slabs generally have longer periods, higher base shear
forces, and larger rooftop displacements compared to those with hollow block slabs. The
hollow block slab consistently emerged as a cost-effective option, while the flat slab

proved to be a less economical choice.

Keywords: Concrete buildings, re-enforcement, flat block slabs, hollow block slabs,
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A Comparative Study of Analysis and Design of Flat Slab and Hollow Block Slab

Introduction:

This article, based on a Master's level study at Nile Valley University in Atbara, Sudan,
examines the impact of two different types of slabs on seismic performance and cost in
reinforced concrete multi-story buildings. The article highlights the importance of
assessing all possible slabs to choose the best option for building strength and cost. The
study provides a comprehensive analysis of the research subject, emphasizing the need
for careful consideration of two slab types in the construction of reinforced concrete
multi-story buildings.

This article aims to evaluate the seismic performance of two slab types and their
influence on the overall construction cost. The goals were achieved by creating 18
reinforced concrete models using Robot structural analysis software. The models
comprised of two types of slabs: flat slabs and hollow block slabs. The buildings were
designed in accordance with the British standard (BS 8110 1997) and the American
uniform seismic code (UBC97-1997) [Hajek (2005) and Climent and Avila (2013)]. Al
18 residential buildings in Atbara city, Sudan, were assumed to be in seismic zone (2A)
and only earthquake loads were considered for lateral loads.

Multi-story RC buildings often have slabs that require more construction
materials than other structural components due to their large area and complexity.
Standard RC buildings often use slabs to account for over 50% of the overall embodied
energy, which includes the energy spent in material extraction, processing,
manufacturing, and transportation. Approximately 30% of this 50% embodied energy is
attributed to steel rebar [Apostolska et al., 2008].

The study suggests that prioritizing cost reduction for floor slabs is more important than
focusing on column number and dimensions. This because the amount of concrete
volume occupied by the columns is restricted in the range of 2.5-14% of floor slab
concrete volume [Hossen and Anam, 2010]. Consequently, reducing floor slab weight
can decrease concrete volume and environmental impact, leading to cost savings in
construction [Bakale and Viswanathan 2017].

In building construction, there are multiple types of reinforced concrete slabs.

This study focuses on analyzing the two most commonly used types of slabs in Sudan:
flat slab and hollow block slab. Hollow block slabs provide numerous advantages. The
presence of voids in this type of slabs reduces dead weight, thereby decreasing the
amount of concrete below the neutral axis. However, these slabs have limitations in

seismic regions due to their low rigidity and ductility [Tunc and Al-Ageedi, 2020].
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Flat slabs have less stiffness, causing longer vibration durations, but they offer
numerous benefits over two-way slabs due to their quicker construction process.Time,
architectural advantages, and economic benefits are important factors to consider in the
construction of buildings. However, the absence of beams in flat slabs makes them more
susceptible to punching shear failure.The structural behavior of this type of slabs can be
enhanced in earthquake-prone areas by incorporating perimeter beams and/or reinforced
concrete walls.

Bakale and Viswanathan's study compared seismic behaviors of various slab
types in buildings with regular and irregular features. The story displacement in both
orthogonal directions in regular buildings was consistent for all slab types, except for
ribbed slabs, which caused more displacements perpendicular to the ribs. Compared to
buildings with two-way slabs with beams, buildings with flat slabs had 37% and 24%
greater story displacements in regular and irregular buildings, respectively. Compared to
those with flat slabs, the story shear forces in buildings with flat plates were 17% and
11% higher in regular and irregular buildings, respectively. Bikce et al. conducted a
study on the cost and seismic behavior of lightweight hollow block slabs and two-way
slabs using both theoretical and physical models. The study reveals that lightweight
hollow block slabs are 10.5% to 21.9% more expensive than two-way slabs with beams,
according to both theoretical and physical structural models. Additionally, the
lightweight hollow block slab displayed higher values of base shear forces and periods.

Zakaria et al.'s study on seismic performance of RC buildings with grid slab and
hollow block slab types found that grid slab is the most suitable type for seismic loads.
This is due to its lower values of base shear forces and periods, which ranged from 9% to
12% in the base shear forces and 5% to 6% in the periods.

The structural behavior of low-rise RC buildings was investigated, focusing on
different slab types like two-way, flat, and ribbed slabs, under earthquake loads. To
achieve this, three 5-story buildings were designed and modeled in accordance with the
Turkish Earthquake Code, 2007 (TEC 2007). The research revealed that flat slab
buildings experienced the highest base shear forces, while two-way slab buildings with
beams had the lowest. The study also found that, the ribbed slab had longer vibration
periods, while the flat slab had shorter periods, and the ribbed slab had the highest
average lateral displacement. Flat slabs consistently resulted in larger displacements,
higher base shear forces, and longer periods compared to two-way slabs with beams. In
contrast, the study suggests that regions with high seismic activities should use a two-
way slab with beams due to its lower displacements, lower base shear forces, and shorter
periods.
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Structural Models:

Robot software was utilized to create 18 structural models, each featuring two slab types,
three span lengths (5, 7.5, 9 meters), and three floor numbers (10, 15, and 20). All
buildings were assumed to have square-shaped floor layouts, and the overall dimensions
were determined based on the span lengths. The study analyzed 5 and 7.5-meters spans
buildings with 60-meters overall dimensions, which commonly found in RC buildings.
To better understand slabs' impact on seismic behavior, a slightly larger 72-meters by
72-meters dimension was also studied. The study aimed to evaluate the impact of span
length and floor number on the seismic behavior of buildings with two types of slabs,
designed in accordance with BS 8110 requirements and American uniform building code
(UBC97). The following sections will provide more detailed information about structural
models. It was assumed that all 18 structures were residential buildings built in Atbara

city, Sudan, and had a uniform floor height of 3.2 meters.

Characteristics of the Plan

Figures 1.a through 1.f show buildings layouts with identical span lengths for each floor
number, except for the ten-story buildings which did not have shear walls along the
perimeter. The study utilized three distinct square-shaped layouts for flat and hollow
block slab types, each corresponding to a span length of 5, 7.5, and 9 meters. The study
examined the effects of different slab types on structural behaviors and costs using
layouts with minimum overall dimensions of 60 meters for 5 and 7.5-meters spans and
72 meters for 9-metersspans.Table 1 provides a summary of all buildings' slab details
and designations, which are used interchangeably with their full descriptions in the text.
Figures 1.a.1 to 1.a.2 show 60-meters-long buildings with 5 meters spans, featuring flat
and hollow block slabs. The layouts in Sudan typically have a central wall with
elevators, staircases, and utility shafts, a common arrangement. Figures 1.b.1 to 1.b.2
show the layouts of slab types in a 60-meters square-shaped building with a 7.5-
metersspan.Similarly, Figures 1.c.1 to 1.c.2 display the layouts for buildings with an

overall dimension of 72 meters and a span of 9 meters.
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Three key factors were considered when selecting structural members' sizes: first,
slab thicknesses slightly above BS 8110 minimum requirements to avoid deflection
issues. Second, the calculation of flat plate thickness utilized punching shear calculations
to eliminate the need for column capitals or dropped panels. Lastly, the shear wall areas
were allocated in accordance with Tunc and Al-Ageedi's guidelines, ensuring continuity
along the gridlines, with the maximum ratio ranging from 0.6% in the 10-story building
to 2.6% in the 20-story building. Layouts with a 5-meter span used smallest wall areas,

7.5-meters used largest, and 9-meters required less wall area to avoid excessive wall

areas.
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Figure 1. floor layout for 10,15 and 20 story with Flat slab and Hollow block slabs
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Table 1: Buildings Layout and Dimensions for Flat and Hollow Block Slab

A Comparative Study of Analysis and Design of Flat Slab and Hollow Block Slab

Column Beam Sh Slab
Model Properties . . Dimensions ear Thickness
Dimensions (cm) Wall
(cm) . (cm)
Layout Totl Thickne
Story ss
Parameters | Story Interior | Exterior | Flat Hollow Flat Hollow
Nos. Block (cm) Block
Nos.
Story | 4, 1to5 | 70x70 [ 60x 60 30
Height | 10 40 x50 | 40 x50 20 30
(m) 0 6t010] 60x60 | 50 x50 40
Plan lto5 ] 90x90 | 80x80 30
FS1, Dim. [ 60x 15 | 6t010] 80x80 | 70x70 | 40 x 50| 40 x 50 40 20 30
HBS1 | (mXx | 60
) m) 11tol5| 70x 70 | 60 x 60 50
1to5 | 120x120 | 100x100 30
6 t010 | 100x100 | 90 x 90 40
Slab g 1 59 | 210 X “ 1 40x 50| 40x50 20 | 30
Span 11to15 | 90x90 | 80x 80 50
16t020 | 80x80 | 70x 70 60
1to5 | 80x80 | 70x70 30
Story | 3214, 2 X X1 40x 60| 50 x50 25 | 40
Height | O 6to10| 70x70 | 60 x 60 40
Plan 1to5 | 100x100| 90 x 90 30
i 60
FS2. grllnl 60X 15 | 6t0l0 | 90x90 | 80x80 | 40x60] 50 x50 40 25 40
HBS2 m) 11to15 | 80x80 | 70x 70 50
(7.5) 1to5 | 140x140]| 120x120 30
Slab 6to 10 | 120x120 | 100x100 40
7.5 20 40 x 60| 50 x 50 25 40
Span 11to15 | 100x100| 90 x 90 50
16t020 | 90x 90 | 80 x 80 60
. lto5 ] 90x90 | 80x80 30
story | 32114, 2 X X1 40x 70| 50 x 60 30 | 50
Height 0 6to10] 80x80 | 70x70 40
Plan 1to5 | 130x130| 100x100 30
Dim.
Fs3, (nler:< 7722X 15 6to 10| 110x110| 90 x 90 20 x 70 | 50 x 60 40 30 50
HBS3 m) 11to15| 90x 90 | 80 x 80 50
9
©) 1to5 | 160x160 | 150x150 30
Slab 6to 10 | 150x150| 140x140 40
9 20 40 x 70| 50 x 60 30 50
Span 11to15 | 140x140| 120x120 50
16t020 | 120x120 | 100x100 60
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Dimensions of Structural Members:

All The structural members were dimensioned in accordance with the minimum requirements of BS
8110-1997. The practice of reducing column and shear wall dimensions every 5 floors, a common
practice in RC building construction, was also applied. However, the dimensions of beams and floor
thicknesses remained constant throughout the height of each building, unlike columns and shear
walls. The coupling beams in all structural models had identical cross-sectional dimensions,
measuring 0.4 meters in width and 0.6 meters in depth. The coupling beam depth was determined to
be adequate for 10 and 15-story buildings and maintained for 20-story buildings to facilitate
comparison of results. Tablel provides detailed information on the layouts for the three sets of floor
numbers (10, 15, and 20-story). The hollow block slab's topping thickness is 0.1 meters, with joists
parallel to the "X" direction, 0.2 meters wide, and 0.7 meters apart. The slab types used in each span
length were designed with identical cross-sectional dimensions for columns and shear walls, as well
as the same thicknesses. This decision was justified based on the fact that the volume of concrete
used for columns typically ranges from 2.5% to 14% of the volume of concrete used for floor slabs
according to a previous study [10]. For all structural members, including columns, shear walls, and
slabs, concrete class C30 was used. The concrete, with a Poisson's ratio of 0.2, was assumed to have
a modulus of elasticity of 31,000 MPa in accordance with BS 8110 guidelines. The steel
reinforcement bars utilized were of 460 MPa grade, with a minimum vyield strength of 420 MPa, a

modulus of elasticity of 2x10° MPa, and a Poisson's ratio of 0.3.

Seismic Loads:

The study assumed that the local site class for all structural models was 2A.According to UBC 97-
1997, established a seismic importance factor of one for residential buildings, resulting in an
occupancy class of four. The total seismic weight was calculated using a live load participation factor
of 0.55. All the buildings were designed with a high ductile system. The response modification factor
(R) was 4.5 in both "X" and "Y" directions. The response spectrum method (RSM) was used for 10,
15, and 20-story buildings with a 5% damping ratio and assumed concrete cracks as per BS 8110
(Refer to Table 2).

Finite Element Modeling:

The structural models were created, analyzed, and designed using Robot structural analysis software,
a commercially available engineering software capable of designing multi-story buildings under both
static and dynamic loading conditions. The system comprises modeling tools, templates, code-based
load prescriptions, analysis methods, and solution techniques that are synchronized with the unique

grid-like geometry of this structure. Robot provides advanced tools for slab modeling, analysis, and
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design, incorporating elements like soil types, ramps, columns, braces, walls, and interfacial
elements. The software integrates with Autodesk Rivet, enabling users to import models, loading, and
displacement fields for advanced local assessments of slab systems in larger structures.For the
structural models, RSM analysis conducted following the methodology described in UBC97.During
the analysis, self-weight, superimposed, and live gravity loads were applied to the buildings.The
program automatically incorporated self-weights of structural members into the analysis.It was
assumed that all buildings had a superimposed dead load and a uniformly distributed live load
(including partition walls) as shown in table 2.The supports at the base of the buildings were fixed to
prevent translation and rotation. The floor slabs were modeled using a semi-rigid diaphragm to
prevent any negative effects on the rigid diaphragm approach. The maximum reinforcement for slabs
was determined by analyzing results at both top and bottom of slabs within each designated strip,

considering the corresponding load combination.

Table 2: Specification of Loading

Gravity Loads
Default values taken by Robot structural
Dead load Analysis based on the variable dimensions
taking the unit weight of concrete is 24 kN /m3
Live load 1.5kN/m?
Floor load 1kN/m?
Wall load 11kN/m?
Lateral Loads Earthquake Loads
Seismic Zone 2A
Zone Factor, Z 0.15
Importance Factor, | 1
Over Strength (Reduction) Factor (R) 4.5
Type of soil SD

RESULTS

The structural performance of two slab types in structural models is evaluated based on their
structural responses and overall costs. The study analyzes and discusses findings for different story
numbers (10, 15, and 20 stories) considering fundamental periods, base shear forces, maximum
lateral displacements, and overall costs. In the cost estimation phase, the amount of concrete and steel
rebar is calculated separately for beams, columns, and slabs. The total cost calculation assumes a cost
of 1200000 SDG per ton for grade 460 Mpa steel rebar and 90000 SDG per cubic meter for C30
concrete. The total cost of each building, calculated in Sudanese pounds at January 2024, excludes
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formwork, labor fees, and foundation costs. For almost all columns, a minimum reinforcement ratio
was considered necessary in the cost analysis as per the minimum column capacity requirement
stated in BS 8110.Consequently, the plan to customize column sizes for each slab type was
abandoned, and the same column sizes were utilized in all sets, irrespective of the slab types. The
beam reinforcements’ determination was established by analyzing the maximum and minimum

positive and negative moments at their mid-spans and supports, respectively.

Ten Story Buildings

The subsequent subsections present the outcomes derived from ten levels of structural models.

Layouts with 5-meters spans

Building mode shapes with 5 meters span exhibit movement in "X", "Y", and rotational direction
"Z", with the first period always in "Z" direction. Figure 2a shows that the fundamental period of a
building with a flat slab is longer, while that of a building with a hollow block slab is shorter. Figure
2b shows that a building with flat slab has higher base shear value, while the building with a hollow
block slab has lower value. This is due to the relatively larger thickness of the flat slab, which
prevents excessive deflection and punching shear. Figure 2c illustrate that the building with the flat
slab exhibits higher rooftop displacement, while the building with the hollow block exhibits lower
displacement. The study reveals that a hollow block slab building is the costly-effective option, while
a flat slab building is the less economical choice (Figure 2d), where the cost of FS1 exceeds the cost
of HBS1 by 11%.
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displacement, (d) Total cost

Layouts with 7.5-meters spans

From the data presented in Figure. 3a, it can be observed that the building with hollow block slabs
experienced the shorter period. The flat slab experienced higher base shear force, while the building
with a hollow block slab experienced lower shear force (Figure. 3b).The building with the flat slab
experienced higher rooftop displacement, while the building with the hollow block slab had the lower
displacement (Figure. 3c).The hollow block slab was found to be more cost-effective slab type for
buildings with 7.5-meters spans, similar to its use in 5-meters spans buildings. Still, the flat slab
remained the more expensive type of slab and exceeds HBS2 cost by 13% (Figure. 3d).
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Figure 3. 10 story building with 7.5-meter span: (a) periods, (b) base shear, (c) max. rooftop
displacement, (d) Total cost

Layouts with 9-meter spans

From figure. 4a it can be seen that the flat slab structure had the longer period value among the two
building types, while the hollow block slab had the shorter period value.Figures4b and 4c show that
flat slab buildings experience higher base shear force and maximum rooftop displacement, while
hollow block slab buildings have lower base shear force and minimum rooftop displacement,
respectively. The hollow block slab was found to be costly-effective option for buildings with 7.5-

meters spans, while the flat slab was the expensive one (Figure. 4d).

Comparison of layouts with 5 and 7.5 meter spans

A detailed investigation was conducted on the results of buildings with 5 and 7.5 meters dimensions,
as their total in-plane sizes were the same. The comparison involved analyzing the variation in
periods, base shear forces, maximum rooftop displacements, and overall cost of structural models,
finding that 5-meter span buildings had longer periods.Figure.5a shows longer periods in 5-meter
span buildings compared to 7.5-meter spans, while 7.5-meter span buildings have higher base shear
forces, as shown in Figure. 5b. Increasing span length from 5 to 7.5 meters led to a 46% increase in
base shear forces for flat slabs. Figure. 5¢c shows that layouts with 5-meter spans experienced higher
rooftop displacements compared to layouts with 7.5-meter spans. As expected, the study found that
buildings with 5-meter spans had higher construction costs, with 15% and 16% difference in flat

slabs and hollow block slab respectively compared to 7.5-meter spans.
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Fifteen Story Buildings

Layouts with 5-meters spans

The study found that the buildings with flat slabs had longer periods, while the buildings with hollow
block slabs had the shortest period (Figure6a).The study reveals that a flat slab-based building has the
highest base shear force and maximum rooftop displacement, while a hollow block-based building
has the lowest (Figure6b and Figure6c) respectively. The hollow block slab was found to be more
cost-effective option for buildings with 7.5-meter spans, while the flat slab was the expensive one
(Figure 6d).
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Figure 6. 15 story buildings with 5 m. spans: (a) periods, (b) base shear, (c) max. rooftop
displacement, (d) overall cost

Layouts with 7.5-meters spans

From figure 7 it can be observed that the flat slab exhibiting higher period value and lowest base
shear force (Figure7a and 7b) respectively. The flat slab experienced the highest rooftop
displacement (Figure7c), while the hollow block slab was more cost-effective solution for buildings

with 5-meter spans (Figure7d).
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Layouts with 9-meter spans

The study reveals that buildings with flat slabs have longer periods and experience the highest base
shear force (Figure 8a and 8b respectively), while those with hollow block slabs have the shortest
periods (as depicted in Figure 8b). Flat slabs have the maximum rooftop displacement, while hollow
block slabs have the minimum (as shown in Figure 8c). The hollow block slab option is the costly-
effective for 9-meters spans (as illustrated in Figure 8d).

Comparison of layouts with 5 and 7.5 meters spans

According to Figure 9a, buildings with 5-meters spans had longer periods than those with 7.5-meters
spans. The buildings with 7.5-meters spans had higher base shear forces (Figure 9b). Increasing the
span length from 5 to 7.5 meters resulted in a 22%, and13% increase in the base shear force for
buildings with hollow block slab, and flat slabs, respectively. Figure 9c indicated that buildings with
5-meters spans had greater rooftop displacements compared to those with 7.5-meter spans. The
buildings with 7.5-meters spans had higher costs (Figure 9d).The cost difference relative to the
layouts with 5-meter spans was 26% for buildings with hollow block slabs, and, and 24% for those
with flat slabs
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Twenty Story Buildings

Layouts with 5-meter spans
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displacement, (d) Total cost
Figure 10a illustrates that the buildings with flat slabs had the longest periods, while the building
with hollow block slab had the shortest period. Figure 10b shows that the base shear force was
highest in the building with flat slabs, while the building with hollow block slabs exhibited the lower
shear force. Figure 10c displays that the building with flat slabs experienced the larger displacement
in terms of rooftop displacement, whereas the building with hollow block slabs encountered smaller
displacement. Based on the information provided in Figure 10d, it was concluded that the flat slab
alternative proved to be the priciest selection resulted in a 23%, increase in construction cost,

whereas the hollow block slab was recognized as the more economical option.

Layouts with 7.5-meter spans

Among the different types of slabs used, the buildings with flat slabs had longer periods of
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vibration (Figure 11a), while, the building with a hollow block slab had shorter period. The
Figure 11. 20 story buildings with 7.5 m. spans: (a) periods, (b) base shear, (c) max. rooftop
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buildings with flat slabs experienced higher magnitudes of the base shear forces (Figure 11b).

The building with flat slabs had greater displacement at the rooftop, whereas the building with
hollow block slabs exhibited smaller displacement (Figure 11c). In contrast tobuildings with 5-meters
spans, the hollowblock slab was found to be the cost-effective solution in this case, while the flat slab
was the expensiveoption (Figure 11d).

Layouts with 9-meter spans
The buildings with flat slabs had longer periods, while those with hollow block slabs had shorter

periods (Figure 12a).The maximum base shear force was observed in the building with a flat slab,
while the building with a hollow block slab had the minimum value (Figure12b).The building with a
flat slab exhibited the highest rooftop displacement, whereas the building with a hollow block slab
showed the lowest displacement (Figurel2c).Similar to the buildings with 7.5-meter spans, the
hollow block slab was determined to be the more cost-effective solution, while the flat slab was the
more expensive type of slab (Figurel12d).
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Comparison of layouts with 5 and 7.5 meter spans
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According to Figure 15a, buildings with 5-meters spans experienced longer periods than those

Figure 12. 20 story buildings with 9 m. spans: (a) periods, (b) base shear, (c) max. rooftop
displacement, (d) Total cost

With 7.5-meters spans. The buildings with 7.5-meters spans recorded higher base shear forces
(Figure 15b). Increasing the span length from 5 to 7.5 meters resulted in a 43% increase in base shear
forces for buildings with flat slab. For buildings with a hollow block slab, the base shear forces
increased by 41.5%. Figure 15c illustrates that buildings with 5-meter spans experienced larger
rooftop displacements compared to buildings with 7.5-meters spans. Buildings with 7.5-meters spans
resulted in increased expenses, as indicated in Figure 15d. The cost difference between layouts with
5-meters spans and layouts with 7.5-meters spans with hollow block and flat slabs was 28.24% and

23.47%, respectively.
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Figure 13. 20 story buildings with 5 to 7.5 m. spans: (a) periods, (b) base shear, (c) max. rooftop
displacement, (d) overall cost
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CONCLUSIONS

The list provided below presents the results of the parametric studies carried out on the 18 structures,
along with recommendations for further analysis.

The study highlights that for a ten-story building with a 5-meter span, a flat slab building has
a longer fundamental period and higher base shear value compared to a building with a
hollow block slab. Additionally, the flat slab building exhibits higher rooftop displacement.
The study reveals that a hollow block slab building is the more cost-effective option where
the cost of FS1for (10,15, and 20) exceeds the cost of HBS1 for (10,15, and 20) by
11%,7.8% and 23% respectively.

For a building with a 7.5-meters span, flat slab buildings have longer fundamental periods and
higher base shear forces, while the building with a hollow block slab experiences the lower
shear force and displacement. The hollow block slab is found to be more cost-effective option
where the cost of FS2 for (10,15, and 20) exceeds the cost of HBS2 for (10,15, and 20) by
13%,12.8% and 17.4% respectively.

For a building with a 9-meters span, the flat slab structure has the longer period value and
higher base shear force and rooftop displacement, while the hollow block slab with beams has
the shorter period value and lower base shear force and rooftop displacement. The hollow
block slab remains the cost-effective option where the cost of FS3 for (10,15, and 20) exceeds
the cost of HBS3 for (10,15, and 20) by 22.67 %,24% and 28.34%, respectively.

The investigation found that for 10 story buildings with a 5-meter span had longer periods,
while buildings with a 7.5-meter span had higher base shear forces and lower rooftop
displacements. Additionally, buildings with a 5-meter span had higher construction costs
compared to buildings with a 7.5-meter span with 15% ,16% difference in flat slab and
hollow block slab respectively compared to 5m spans.

The study found that for a fifteen-story building with a 5-meter span, flat slabs had longer
periods and higher base shear force, while hollow block slabs had the shortest periods.

For a 7.5-meter span, the flat slab had the higher period value and lower base shear force,
while the hollow block slab was the more cost-effective.

For a 9-meter span, flat slabs had longer periods and higher base shear force, while hollow
block slabs had the shorter periods. The hollow block slab option was the costly-effective for
a 9-meter span.

This study revealed that buildings with 5-meter spans have longer periods and greater rooftop
displacements compared to those with 7.5-meter spans. Additionally, increasing the span
length from 5 to 7.5 meters results in higher base shear forces and lower costs for buildings
with hollow block slabs and flat slabs.

The comparison between two types of slabs used in twenty-story buildings with varying
spans, concludes that buildings with flat slabs have longer periods of vibration, higher
magnitudes of shear forces at the base, and greater displacement at the rooftop compared to
buildings with hollow block slabs.

The hollow block slab is recognized as the costly-effective option compared to the costly flat
slab.
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e The analysis findings from the study indicate that buildings with 5-meter spans have longer
periods, larger rooftop displacements, and lower base shear forces compared to buildings with
9-meter spans.

e Additionally, increasing the span length from 5 to 9 meters resulted in higher base shear
forces and increased expenses for both flat slab and hollow block slab buildings.

e The main findings of the study indicate that for different spans and number of stories,
buildings with flat slabs generally has longer periods, higher base shear forces, and greater
rooftop displacements compared to buildings with hollow block slabs. The hollow block slab
is consistently identified as the cost-effective option, while the flat slab is the least
economical choice.

e For buildings with 5-meter spans flat slabs had longer periods and higher base shear force, but
experienced larger displacement, making them an expensive option. On the other hand,
buildings with hollow block slabs had the shortest period, lowest shear force, and smallest
displacement, making them an economical choice.

e In conclusion, the investigation found that buildings with 5-meter spans had longer periods,
while buildings with 7.5-meter spans had higher base shear forces and higher construction
costs. Additionally, layouts with 5-meter spans experienced higher rooftop displacements
compared to layouts with 7.5-meter spans.

¢ Increasing the span length while maintaining the overall dimensions of a layout led to shorter
periods of vibration as a result of the larger sizes of beams, columns, and slabs.
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Abstract:

Flourmills are one of the workplaces with occupational health hazards due to irregular workplaces and
environments where insufficient attention is paid to workers’ safety. In this context, considering the extent
of difficulties faced by workers in flourmills, hazards and risks that could affect the health and occupational
safety of workers were investigated in Atbara flourmills. After referring to the study and evaluation of the
manufacturing section, it is noted that the factory's safety department specializes only in security and fire
safety and lacks occupational safety and health. Therefore, workers do not comply with personal safety
equipment, especially in the workshop and on the first floor (machinery section), as workers in these two
sections are the most exposed to danger. Additionally, there are no warning signs in any of the factory's
departments.
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Analytical Study for Risk Assessment (Case study: Atbara Flour Mill Factory)
. 0|

Introduction:

Humans have played a great role in building civilization and progress over the past many years, especially in
the industrial field. Despite the tremendous progress they have reached, what they invented in terms of
machines, equipment, and modern devices to serve them and provide them with means of luxury has
become dangerous to them when they are not well used (Hilmee, 2007)

Establishing safety conditions in the workplace is more effective than simply promoting awareness
slogans. Industrial safety holds a significant position, receiving substantial focus and care from all
operational entities. The primary goal is to protect the core elements of production: the workforce, which is
the most crucial component, as well as public assets like machinery, equipment, materials, and the finished
product. This protection contributes to the national economy, ultimately enhancing profit and productivity
(AL-Rosan and Abo salah, 2011).

This study aimed to emphasize that the working environment should be free from risks of injury or
disease. However, thousands of workers worldwide, particularly in developing countries, continue to be
exposed to hazardous substances. Flour dust is one of these harmful substances to which flour mill workers
are exposed. Inhalation of flour dust can lead to various lung diseases, with symptoms ranging from mild
irritation to allergic reactions and chronic respiratory disorders, including asthma. Therefore, this study was
conducted to assess the prevalence of respiratory issues among flour mill workers (Shimaa et al., 2023)

Occupational respiratory diseases develop as a result of dust particles depositing in the lungs. Flour
milling industries generate organic dust during various industrial processes, such as cleaning, milling,
packaging, and loading, which release dust into the air that workers then inhale. Flour mill workers are at an
increased risk of developing respiratory health issues due to exposure in their work environment; however,
available data on these risks are limited. This study aimed to assess the prevalence of chronic respiratory
symptoms, lung function, and associated factors among flour mill factory workers (Lagisoetal., 2020).

Flour mill workers are susceptible to various health issues and risks due to the limited use of
personal protective equipment (PPE). The purpose of the current study is to evaluate the impact of an
educational program on occupational health and safety competencies among flourmill workers (Ali and
Mohamed, 2023).

Occupational Safety and Health (K3) is crucial in the flour production industry, yet it often receives
inadequate attention. Previous research has underscored the safety challenges arising from neglecting K3
standards, which can result in various industry hazards. Studies demonstrate that the HIRADC (Hazard
Identification, Risk Assessment, and Determining Controls) method is effective in recognizing hazards,
evaluating risks, and implementing control measures to improve safety management. The HIRADC
approach follows three main steps: identifying potential hazards, assessing associated risks, and applying
control strategies. Common hazards in flour production identified by research include exposure to flour dust,
which may cause respiratory issues, the risk of fire or explosion from combustible dust, and physical injuries
from machinery (Gunawan and Boni Sena, 2024)

Methodology:

Traditional methods of risk assessment are moving towards the use of mixed approaches in modern times,
with risk assessment tables being among the most common methods due to their ease of understanding and
flexibility. These tables aim to classify risks according to their levels, which helps identify the factors
affecting problematic events and understand the relationship between them. The risk of workplace accidents
is defined as a combination of the probability of their occurrence and the severity of their consequences, and
the classification of risks is based on this foundation. When risks are identified, they can be used as a tool to
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prioritize analysis and reporting to management. Analyzing risks in complex work environments requires
collaborative teamwork under the supervision of an experienced team leader, and the process of identifying
and analyzing risks is a fundamental step in risk management.

The levels of lighting and noise were measured using two mobile applications due to the
unavailability of measurement devices nearby. The first application, 'Sound Meter - Decibel Meter," was
praised by users for its accuracy in measuring sound levels. The second application, 'Lux Light Meter Pro,’
was used to measure light intensity and also received positive user reviews for its accuracy.

Risk Assessment:
Risk assessment for laboratory:
The laboratory is considered as one of the most important that aid in production. Table [1] shows the

information that was recorded during the field visit to the laboratory

Table (1): Explains an analytical study of the laboratory:

Field Study Laboratory
Ventilation
L 2 o ) Escape ) Electric
IHlumination 2 S Noise Pollution Floor )
= T routes protection
s |z
S (5]
I >
There is tow One door Almost o
. Very . No ) Electricity
77 LUX fans for air No noise | for entry ) slippery but )
o good ) pollution is very safe
purification and exit not dangerous

Every worker in any facility has the right to own Personal Protective Equipment to ensure their protection
from surrounding hazards. Table [2] illustrates the importance, availability and extent of commitment in the
laboratory

Table [2]: Personal Protective Equipment, the Importance and Extent of commitment in the
laboratory:

Safety Tools

Fire
cloth Gloves Masks Shoes Helmet | Glasses | extinguis

hers

Not
Importance | Important | Important | Important | Important Important Important | Important
- Not Not Not Not Not .

Al ey available | available | available | available available available
Extent of Committed

commitment to it
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Figure (1) provides a detailed illustration of a horizontal cross section of the Laboratory highlighting its
design and main components

Extensogracph ﬁFarinograph

Molder Machie [ ]

‘ Kneader @ \

Figure (1): Plan of Laborato

NP

Risk assessment for workshop:

The workshop is considered as the most important department in any facility to ensure the continuity of
production. Table [3] shows the information that was recorded from the workshop.

Table (3): Explains an analytical study of the workshop

Field Study Work shop
Ventilation
o ) Escape ) Electric
[llumination Air Noise Pollution Floor )
Ventilators routes protection
Purifiers
Two
Very No | doors for No There are safe power
Natural Very good ) ] )
good noise | entry and | pollution obstacles connections
exit

Every worker in any facility has the right to own Personal Protective Equipment to ensure their
protection from surrounding hazards. Table [4] illustrates the importance, availability and extent of

commitment in the workshop
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Table (4): Personal Protective Equipment, the Importance and Extent of commitment in the
workshop:

Safety Tools

Fire
cloth Gloves Masks Shoes Helmet Glasses o
extinguishers
Importance Important | Important | Important | Important | Important] Important Important
L Not Not Not Not Not Not )
Availability ) _ ] _ _ ) available
available | available | available | available | available | available
Extent of Committed
commitment to it

Figure (2) provides a detailed illustration of a horizontal cross section of the workshop highlighting its
design and main components

Abrasive
Machine

suiyoe| e

'

ELIC|L0RUL0D

Figure (2): Plan of Workshop
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Risk Assessment for First Floor — Milling Machines:

Table (5) shows the information taken from the first floor (milling machines) to identify the existing
hazards.
Table (5): Explains an analytical study of the first floor — Milling Machines:

Field Study First floor — Milling Machines
Ventilation
o 2 » ) Escape ) Electric
Illumination 2 S Noise Pollution Floor _
‘= < routes protection
& =
| (<5}
P >
Directly In the
from the machine
. there is It must be
milling shop 840 Two )
_ flour in the cleaned
machine, Very Db doors o safe power
405 LUX ) airina constantly )
but there is | good Inthe | for entry connections
_ _ small S0 as not to
flourina control | and exit ) )
proportion | be slippery
small room 110
proportion dB

Every worker in any facility has the right to own Personal Protective Equipment to ensure their protection
from surrounding hazards. Table [6] illustrates the importance, availability and extent of commitment in the

First floor — Milling Machines.
Table [6]: Personal Protective Equipment, the Importance and Extent of commitment in the first floor
— Milling Machines:

Safety Tools
Fire
Cloth Gloves Masks Shoes Earplugs | Glasses .
extinguishers
importance Important Not Important Important Important Important Important
P P Important P P P P P
A Not . Not . . .
Availability . _— available . available | available Available
available available
NOt NOt NOt .
Extent of
. _— _— Committed | Committed | Committed —_ Comml_tted 0
commitment . . . it
to It to it to it
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Figure (2) provides a detailed illustration of a horizontal cross section of the first floor — Milling Machines
highlighting its design and main components

Wheat Ore Balance

O

1

g
e
™\ § O L
o) o| £ @
U E
m -
o o [of 3 5191 1919 d
ol [o]| = g(e] |°
E
ol o ol |lo]|o
e M @ Flour balace et

Figure (3): Plan of first floor — Milling Machines

Discussion:

The safety assessment at Atbara Mills, based on the field study, highlights key areas for improvement in
workplace safety, particularly in the laboratory, workshop, and the first floor (milling machinery section).
Here’s an analysis of the current situation and recommendations for reducing risks in these high-exposure

areas:
Laboratory

The assessment shows that the lighting level in the laboratory is 77 lux, which is below the minimum
acceptable level, as the recognized standard for laboratories is 100 lux.

Ventilation:

The laboratory has two air purifiers that help maintain a suitable temperature, but it's essential to ensure
their adequacy for providing good ventilation.

Personal Protective Equipment (PPE):
Regarding PPE that should be used in the laboratory, the following items are essential:

e Appropriate clothing: The clothing should be heat-resistant and non-flammable to protect workers
from high temperatures.
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e Gloves: It is preferable to use silicone gloves that can withstand heat and protect hands when
handling ovens and hot materials.

o Masks: Masks should be provided to prevent inhalation of fumes generated from the ovens, ensuring
respiratory safety.
e Protective footwear: Workers should wear shoes that protect their feet from potential accidents or
hot materials.
Recommendations:

1. Improve Lighting: Work should be done to increase the lighting level in the laboratory to reach the
recommended level (100 lux) by adding additional light sources or improving the existing lighting.

2. Evaluate Ventilation: An assessment of the air purifiers' efficiency should be conducted to ensure
adequate ventilation in the laboratory, possibly by adding fans or an additional ventilation system.

3. Enhance Use of Personal Protective Equipment: Emphasizing the importance of using PPE
through training and awareness is crucial to ensure the safety of workers.

Improving these aspects will contribute to creating a safe and healthy working environment for employees in
the laboratory.

Workshop:

The assessment shows that the lighting level in the workshop relies primarily on natural light, resulting in
levels below the recommended minimum of 200 lux. Ventilation also depends on natural airflow, which
may be insufficient for workshops where various processes release fumes and air pollutants.

For Personal Protective Equipment (PPE) in the workshop, the following items are essential to ensure
workers’ safety:

o Heat-resistant clothing that can withstand high temperatures, protecting the body from hot surfaces
and intense heat.

o Heat-resistant gloves to protect hands during operational processes.

e Masks to prevent inhalation of fumes and contaminants generated by different operations.

o Protective footwear to safeguard feet against heavy or sharp objects.

e Helmets to protect the head from potential impacts or falling objects.

o Safety goggles to shield the eyes from sparks or flying particles during operational activities.

Providing this essential PPE, along with improving lighting and ventilation levels in the workshop, will
significantly reduce occupational and health risks and enhance a safer, more comfortable working
environment for all employees.

First floor — Milling Machines:

The lighting level in the laboratory is 405 lux, which is close to the permissible level, as the recommended
standard for such areas is 500 lux. In terms of ventilation, there are exhaust fans present, but they are
insufficient to achieve an adequate level of airflow.

Regarding Personal Protective Equipment (PPE) in the laboratory, it is essential to provide the following
items to ensure the safety of workers:

o Appropriate clothing that protects the body while remaining comfortable during work.
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e Gloves to protect hands from direct contact with materials during milling operations.

e Masks to prevent inhalation of flour dust generated from the milling process, helping to protect the
respiratory system.

o Protective footwear to safeguard the feet from heavy or sharp objects that may fall during work.

o Helmets to protect the head from potential impacts or falling objects.

o Safety goggles to shield the eyes from dust and flying particles during operational activities.

Improving lighting and ventilation levels, along with providing suitable personal protective equipment, will
significantly enhance the safety of workers in the laboratory and reduce health risks.

Risk Identification and Analysis

Risk Identification and Analysis for laboratory:

The aim of risk assessment is to ensure that hazards are eliminated or risks minimized by the correct
application of relevant standards. Table [7] illustrates these hazards present in the laboratory and how to

mitigate them.

Table [7]: Risk Identification and Analysis for laboratory:

Name of assessor | Rowyda AwadElssid Haj Hamed Mohammed Date | 19-9-2023
Time 11:00 Work area Atbara Flour Mill Factory
Task being assessed Laboratory
) ) How might | EXxisting risk » Action/ Action/
What is the | Who might be Additional ) .
people be control monitored by | monitored by
hazard? harmed? controls
harmed? measures whom? when?
) -Wiring Silicon
Fire o ) Stores manager 2 days
Technician work heating glove.
Hot Burns Pot holder )
) at lab -provide safety
Equipment ] Stores manager 2 days
signs

Risk Identification and Analysis for workshop:

The aim of risk assessment is to ensure that hazards are eliminated or risks minimized by the correct
application of relevant standards .Table(8) illustrates these hazards present in the workshop and how to

mitigate them.
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. 0000000000000}
Table (8): Risk Identification and Analysis for workshop:

'::sr:;g: Rowyda AwadElssid Haj Hamed Mohammed Date 26-9-2023
Time 10:00 V;/roe;k Atbara Flour Mill Factory
Task being assessed | Workshop
. How Existing . .
W[]r?et 'S | Who might | might risk Additional mﬁﬁf{g% y mﬁgﬁg% y
be harmed? | people be control controls
hazard? harmed? | measures by whom? | by when?
1- Designated
walkways
(indicated by Workshop
S manager 1 month
Slips and yellow_palnt line).
trips 2- Designated Workshop 1 month
Technician Zt_oggg dareas manager
1 The floor and all Wound housekeein 1 week
is untidy | workers on ~PINg Workshop
and tools site (mechanics know manager
are how to store
scattered unused equipment
etc. in the Safet 1 month
designated areas) manayer
4- Provide safety g
signs.
’;I;rgsig: RowydaAwadElssid Haj Hamed Mohammed Date 26-9-2023
Time 10:00 Work area | Atbara Flour Mill Factory
Task being assessed Workshop
What is the Who might | How might Existing Action/ Action/
hazard? be people be | risk control | Additional controls monitored | monitored
i harmed? harmed? measures by whom? | by when?
1- Designated
walkways (indicated Workshop 1 month
A manager
by yellow paint line).
i;elzfygnated storage Workshop 2 month
Slios and trips 3- Good housekeeping manager 1 week
P P (mechanics know how Worksho
Obstructed Technician Stumble  — to store unused manager P
walkwavs equipment etc. in the g
y designated areas)
4- System for random
housekeeping checks \r;\l;r:;sgfp 1 month
to be bought in. Workgho
5- Provide safety P 1 month
. manager
signs.
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Risk Identification and Analysis for first floor — Milling Machines:

The aim of risk assessment is to ensure that hazards are eliminated or risks minimized by the correct
application of relevant standards. Table (9) illustrates these hazards present in the first floor — Milling
Machinesand how to mitigate them .

Table (9): Risk Identification and Analysis forfirst floor — Milling Machines:

Name of . .
25565501 Rowyda AwadElssid Haj Hamed Mohammed Date 27-2-2024
Time 12:00 LIS Atbara Flour Mill Factory
area
Task being assessed first floor — Milling Machines
How Existing . :
What is the | Who might |  might risk Additional Action/ Action/
hazard? | be harmed? | people be control controls monitored by { monitored
' ' whom? by when?
harmed? measures
_ _Using sound Finance 6 months
Noise absorbing materials director
. bing 1S 1 Finance 6 months
Excessive Machinery Affects the -Setting up a health director
1 . control — surveillance program
noise From technician ear for relevant workers
milling ; ‘ 1 months
machines “Wearing earmuffs Safety manager
-Provide safety signs Safety manager| 1 months
NS RowydaAwadElssid Haj Hamed Mohammed Date 27-2-2024
assessor
Time 12:00 s Atbara Flour Mill Factory
area
Task being assessed first floor — Milling Machines
. How Existing . .
What is the | WO Mgt | ot risk Additional Action/ | Action/
be monitored | monitored
hazard? people be | control controls
harmed? by whom? | by when?
harmed? | measures
1-Installation of | Finance
special towing | director
Hazardous fans. Safety 3 months
substances Machinery _ 2- Wearing manager 1 months
Breathing mask(N95
2 Spread control roblems Respirator) Safet
P technician | P pIr y 1 months
flour in the 3- Maintenance | manager
air program for all
ventilation 1 months
systems. Safety
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4- provide
safety signs

manager

Work
equipment

The belt
box was
opened in
the tow
machines

Machinery
control
technician

Injured

1- Close the
belt’s box

2- Fixed,
enclosed guards
that encase or
surround the
dangerous part.
3-Give the
maintenance
workers
specific
information to
understand the
maintenance
requirements of
the equipment
and are able to
keep the
equipment in
safe working.
4- Provide
safety signs

Workshop
manager
Workshop
manager

Workshop
manager

Workshop
manager

1 month
1 month

1 month

1 month
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Conclusions:

Increasing awareness of workplace risks and taking appropriate measures to protect the
safety and health of employees is crucial within the scope of occupational health and
safety efforts. In this study, various hazards faced by flour mill workers and the
necessary measures to reduce these hazards have been comprehensively addressed. In
addition to potential risks such as careless behavior, rotating machinery, and exposure
to flour dust, issues such as deficiencies in signage. Measures taken to mitigate these
hazards and steps that need to be taken have been outlined, emphasizing key points to
be considered as regarding occupational health and safety. In order to eliminate the
negative effects of flour dust on workers’ health, proper operation of the necessary
ventilation system must be ensured. In areas where dust exposure is high, it would be
advisable to use appropriate personal protective equipment such as masks. Periodic
maintenance should be carried out on the electrical system and guards should always
be used on machinery with rotating parts.

Recommendations:

Identifying potential workplace hazards and taking the necessary precautions against
those hazards is critical to ensuring the safety and health of employees. Employers and
employees who are aware of occupational health and safety issues and take the
necessary precautions will ensure that everyone has a safe working environment.
Therefore, it is important to continually review workplace risks and take preventive
measures by require workers and technicians to comply with Safety and Occupational
Health standards Create and install instructional signs in all areas.
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Abstract:

The university's electronic portal is a fundamental component of the educational and research
processes, providing access to academic and administrative information and services. However,
this portal faces several technical, administrative, and strategic challenges. This study aimed to
explore these challenges from the perspective of academic leadership to enhance the quality of
learning and scientific research. The study adopted a descriptive-analytical approach, targeting
all academic leaders at the university, with a selected sample of 69 participants. Data were
collected using a questionnaire consisting of 40 items distributed across six main domains,
ensuring the validity and reliability of the instrument, with a Cronbach’s alpha reliability
coefficient of 0.842. Data analysis was conducted using SPSS, revealing that participants
demonstrated a high level of agreement on the identified challenges, with an overall mean
score of 4.43 and a low standard deviation of 0.44, reflecting broad consensus among
respondents. Additionally, the p-values indicated strong statistical significance, emphasizing
the importance of the identified challenges. Based on the analysis results, the study proposed a
practical model for developing the university's electronic portal, along with a set of
recommendations aimed at enhancing the portal's functions to support the quality of learning
and scientific research.

Keywords: Electronic Portal, Quality of Learning and Scientific Research, Challenges and
Improvement Opportunities, University of Shendi, Sudan.
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