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Abstract

Global Open-Access Digital Elevation Models (DEMs) represent a vital tool in geospatial
applications and civil engineering due to their comprehensive coverage and free
availability. This research aims to assess the vertical accuracy of the global digital
elevation model derived from the Shuttle Radar Topography Mission (SRTM) at a spatial
resolution of 1 arc-second (approximately 30 meters) and to determine its suitability for
generating topographic and contour maps in Libya. The study adopted a comparative
descriptive-analytical approach by evaluating the model's performance in two distinct
topographic environments: the Tripoli region (a coastal environment with moderate
terrain) and the Gharyan region (a rugged mountainous environment with steep slopes).
This evaluation relied on a sample of twenty-seven (27) high-accuracy, real Ground
Control Points (GCPs) surveyed via Global Navigation Satellite System (GNSS)
techniques. Statistical results based on the calculation of the Root Mean Square Error
(RMSE) revealed a sharp, directly proportional impact of surface ruggedness on the
spaceborne model's accuracy. From an engineering perspective, the study concluded that
the SRTM DEM is unsuitable for generating contour lines with a contour interval of less
than 10 meters in topographic maps for moderate terrain at scales of 1:25,000 or larger.
Similarly, it is unsuitable for contour intervals of less than 10 meters in rugged
mountainous regions at scales of 1:50,000 or larger. Furthermore, the research
demonstrated aclear deficiency in the reliability of the spaceborne model when deriving
short terrain profiles of less than 30 kilometers in mountainous environments due to the
accumulation of vertical errors. The study strongly recommends restricting the use of free
spaceborne models to exploratory regional studies at small scales (1:100,000 or smaller)
and relying on terrestrial surveying for sensitive engineering projects.

Keywords: Contour Lines, Vertical Accuracy, Tripoli, Gharyan, Libya Shuttle Radar
Topography Mission (SRTM) DEM.

¢uanl) dadda .1

Gludal) 48 8 Gl 535, (Digital Elevation Models — DEM) 4.l cile bV 2
o alew 0¥ phd Ll gisla Loy St pads 3 ¢dmLasdlly Apeaigl) il 451K sl
(Ahmad et al., 25ias8)sally Lall DL 5US 5al)y (sl gl ad)l) CaNISH il
Ll SleliyY) z3lai (e a2l 4al) ge5 2024, p. 112; Aziz et al., 2023, p. 65)
(Shuttle Radar 4.l gsshall diladll ol &iey 2 3gai Jio ¢ paled) painall Ll dagidall dallal
Aty Gleli D 1g)sY) (usSisS 2uase z39a3s <TOPOgraphy  Mission —  SRTM)
sladlly o))yadall 8))3] 35439 «(Copernicus Digital Elevation Model — Copernicus DEM)
(National Aeronautics and Space Administration i)l cilelis DU 4.y Akl
Lihal ~lwy el 8 Ol awg Digital - Elevation  Model - NASADEM)
(Bhardwaj et al., 2021, p. 543; Meadows, zlaudl Lasls)nng ddbiaall 4:d)e sighl)
Jones and Reinke, 2024, p. 1).
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(Survey : juaall) asaill  (Department of Libya)

Llis wlilas) 1 (1) Je

£ Wy sl i Jshal i i)
195.173 32.55 13.441 1
325.039 32.46 13.913 2
406.867 32.58 13.883 3
368.513 32.597 13.857 4
197.476 32.552 13.434 5
408.296 32.332 13.477 6
400.052 32.332 13.483 7
427.475 32.443 13.638 8

413.89 32.434 13.627 9
403.36 32.431 13.634 10
239.422 32.322 13.044 11
730.036 32.172 13.031 12
764.477 32.158 13.005 13
729.504 32.169 13.006 14
754.744 32.169 13.015 15
737.33 32.176 13.024 16
678.928 32.137 13.041 17
691.258 32.158 13.066 18
718.110 32.148 13.024 19
775.171 32.146 12.999 20
23.007 32.887 13.285 21
20.597 32.878 13.303 22
14.540 32.898 13.302 23
21.678 32.882 13.341 24
14.304 32.882 13.346 25
17.068 32.881 13.358 26
21.324 32.877 13.305 27
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(FGDC, 1998, p. 3-4)acl) (ubiie comn Ao si€l) i ally dsa)l) 48a) julaa :(2) Jo2a

() Asnsliall dygusll 55l | (i) RMSE il dsllaall dualyl) 4800 | ausyl) (sulsia
1.25 +0.4 1:500

5.0 2.0 1.7+ 5+0.7 1:1000

10.0 51 8.0 5.0 3.3+ 4 2.61% J+1.7 1:25000
10.0 +3.3  1:50000

20.0 5110.0 6.7+ J+3.3 | 1:100000

50.0 425.0 16.7+ J£8.3 | 1:250000

(rbail) Uacigia dilaia) Gl Ailaia b Asufl) 4841 Julas
(bbb duae b dejsall Llal (RMSE) Wadl) cilasje Jacigia jiag Gaulll cilly ll Giles xie
(Qlly ray Adasially Falalid) elandd) dadal s L Sine doud 383 03 Sliadl) z35ail o 0
(2) dsan b dncagall Tl Al 1Y Gavsigh ulealls Cigmnall el )l Uasll jloia 45)lay
tb b ) ptul) cals
DB Bies 735w o Asleany) chagall cadl :dyy giisl) Jaghilly amll Guulie dadla
s Ji Al gl dashd Y mbay Y (SRTM) dudlie gughall dbliadl
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tob Lo dilaiall o3gl duidl) il Alia cjglily macdl Ciguia (b Aaliall iyl
WY z3sall 2ndla pre bl cyglil An) gl Jagdadlly avnsll (unlia dadlaa
el Ganlaal Gyl ks shaliall o3 8 4)5i€ 855 il 10 e J8Y) 5l Jaglas
bad) Zedlall 3508 335 ST 1 1:50000
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RMSE =+ [(28.378 + 21.381 + 26.626 + 2.229 + 4.853) / 5]
m+4.086RMSE =

ol Glaa) 2S5 Lae o yie 4.015%) Galyls dalaiad 20K RMSE dad (e fan 408 2ol o2

10



Lbal) Gl g dulalea) (udifls iy s pibliie Gplseaslidai (uidy 4 (SRTM) o) £ i)Y g dpail ducelyl) L) adi

Alal) bl Lghay g gilial) Addlia .
Lallall byl 4] b agi L ae All) A5l (4o apat cadl) Apdadl) el o2 s (3l Law
(Li et al., 2022, p. 5 (Aziz et al., 2023, p. 65) oo <! ceayall Cand) o8] Cann ¢dial
illy(Distortions)  cilgigd cre el Aagidl Ailadl) 23l 3 g LY 4l (f1149)
Glalyy (o Bailesal) Lns pal) Adlany) cililal) ) laillg ol 5y5e 5 ae Lyl alajs Al s
038 il (e leja Croaly (il iluhy e 83530 il 038) 1 M) B3 aagedlilaal) us Lol
(Al
Bl b)) g LY £ 35a danst (oabihds ddlaa) Qupbuail) dbaiagia Al 2 o
(Shuttle Radar Topography Mission Global 1 arc—a.) sshall iiladll il
735t Jae Lty (b2 F5.161 ) haiar Ljlies lihasisecond — SRTMGL v.3)
s2a Aijlaary . (yie F5.243 ) lake duuy 453 (NASADEM) iyl cilelin DU Luls A1\S
532l Ganliall A gecedl) Laloal) 2gaal Lgadads iy o2 Jsan) ulaall Jsans andl
Agliad)

- -

oI docil  (SRTM)  zisail iloany) 450 pinst  Lalad Adaawdial) A5 8 o
A55ke Galihal Adalidl Jogad) 3 T 7 35aill b b et L 58y (e F2.584)
Oad dadiyall lad) shalially
205 SSe 5 Tyia 30 A1 (SRTM) &l gashall Ailiadll ol Liny 7 35a 483 o8 cale 3l
LSy ¢(ial ol 1:100000 Jie) 8yl Ganlaall cild L8LES8Y )y LaadlY ) cilushyall Jad 481
Gililes shal G52 dhrim g€ iy o) dbiaii cillabis o lehlia] vie dieiis Hllie JCo
S IE ORI
Sluagilly clalitiu) .7
clatiitay) .
L yiliag als (<o (SRTM) Ll gushall Aliadll [l da z3gatl Aaad ) 4830 ol o
asgia Dlalodl hliall 8 Hhinal HAST @il g 3gaill pad s (ol By5e daal
Be sl dball il 8 maaly J<8 drall) Lgs (midss Laiw o padyl duse) Gl
(e ) Bandl)l chlaay) @l

11



13-1, 2026 sis — (13) sde Gl sunl) -4 jmall 14401 U

Ledde alaie D mbeas ¥ Elaall dpallall Ayl cle i)V 7 3las of dwsdigh el cangl o
Al saghall Lihall b el 10 e G5l g Ji ) gl daghad oy sl 4
SE 51 1:25000 ansy unlias Guylail) dacgiag Alase (shaliall

adeny Lo cilially Ganal) 3hlially Sladll z3gaill 5aga o3 laaly |yguad ilal) cujglal o
3 1:50000 ac )l Gunlial 45)55€ 555 Hlal 10 o J8Y) Hgusl) Jaghas 1Y wlla e
.S

cileWadll Glindly o) & Slnill z3gatll Ldgigas dasdle pac dudll duhall DA e (i o
Al oUad¥) Sl Aaii ey ol Al Sl 8 Tasl€ 30 e Lelsh i ) Adskll
il Slileall e

Cluagld .

eyl clela V) £ 3l ahasiad vie cplabaddly Cpadigall U8 o 228l H3al 35590
o) IS Alle Laad) A8 bl ) dlea) dpsigh ayliall 8 dagiall daallal)

(Fada anlly Jial) leS Slblanyg ¢ UaeY) ol Cpaaiy ¢ oaall
bl 3 Sl (SRTM) - ddhe soghall alaadll o) Aley 735l ahadiad ymmy sy
(el 51 1:100000 i) Siall ponyl) Ganlie ol Laihall = Lly a1 daaly)y LdLaSiuY)

ST b Ul daland) ot (555 Cam

il LSl s el ol sadal) ia)Y) aliall ad)l Gllee o slaie¥) 89 o

(Local sl dulle ddae dudd) cilelin)l #3laiy Ailaiw) 5l cdasiial) (GNSS) allal)
oanliar doliads Jai)a o L) b el xieDigital Elevation Model — Local DEM)

RHIER U CH) BB JS

ASed Gyaaty a0 A Lad Ago 8 dpell ddaidadilly dala) ilisgally clingll 55ea o
sl Jal€ iy 283 e Aae o) o W) z3gad el (e Jaally cdaia)¥) oSl Balis
Ailaal) Lualladl 3kl e Tiseayg Tl Sy 05840 Ll

12



|
Dbl gl ding dubalead] pulifs diu :opibiliio el (it 4 (SRTM) adil) £ 145Y) £ dpail el 4831 avidi

&bl

1. Ahmad, S., Al-Khafaji, A., Khan, M. and Rahman, A. (2024). Comparative analysis of
open-source digital elevation models for topographic analysis. Journal of Remote Sensing
and GIS, 15(2): 112-125. https://doi.org/10.1007/s12518-023-00541-1

2. Aziz, M. A. C., Pa’suya, M. F., Talib, N., Din, A. H. Md., Hashim, S. and Ramli, M. Z.
(2023). Vertical Accuracy Assessment of Improvised Global Digital Elevation Models
(MERIT, NASADEM, EarthEnv) Using GNSS and Airborne IFSAR DEM. International
Journal of Geoinformatics, 19(11): 65-75. https://doi.org/10.52939/ijg.v19i111.2979

3. Bhardwaj, A., Joshi, P., Singh, S. and Kumar, R. (2021). Evaluation of vertical
accuracy of global open-access digital elevation models. Geocarto International, 36(5):
543-558. https://doi.org/10.1080/10106049.2019.1611932

4. El-Ashmawy, N. (2022). Assessment of newly released global digital elevation models
using high-accuracy GPS points. Arabian Journal of Geosciences, 15(3): 89-102.
https://doi.org/10.1007/s12517-022-09456-w

5. Esetlili, M. T., Bircan, H., Balik Sanli, F. and Ustun, A. (2018). Accuracy assessment
of global digital elevation models: A case study in rugged terrains. Measurement, 120:
301-311. https://doi.org/10.1016/;.measurement.2018.02.023

Federal Geographic Data Committee [FGDC]. (1998). Geospatial

6. Positioning Accuracy Standards - Part 3: National Standard for Spatial Data Accuracy
(NSSDA). Reston, Virginia: Subcommittee for Base Cartographic Data, U.S. Geological
Survey (USGS). https://transportation.ky.gov/Highway-
Design/Documents/FGDC%20STD%20007.3%201998.pdf

7. Li, H., Zhao, J., Yan, B., Yue, L. and Wang, L. (2022). Global DEMs vary from one to
another: an evaluation of newly released Copernicus, NASA and AW3D30 DEM on

selected terrains of China using ICESat-2 altimetry data. International Journal of Digital
Earth, 15(1): 1149-1168. https://doi.org/10.1080/17538947.2022.2094002

8. Meadows, M., Jones, S. and Reinke, K. (2024). Vertical accuracy assessment of freely
available global DEMs (FABDEM, Copernicus DEM, NASADEM, AW3D30 and
SRTM) in flood-prone environments. International Journal of Digital Earth, 17(1):
2308734. https://doi.org/10.1080/17538947.2024.2308734

9. Mughal, A., Ali, T., Shah, S. and Hussain, M. (2023). Topographic influence on the
accuracy of open-source digital elevation models. Earth Science Informatics, 16(1): 12-
27. https://doi.org/10.1007/s12145-022-00912-x.

10. Riaz, M., Yang, S., Tariq, A. and Mehmood, K. (2021). Validation and vertical
accuracy assessment of global digital elevation models over varied

https://doi.org/10.1109/ACCESS.2021.3049511 terrains.JEEEAccess,9: 76-89.

11. Survey Department of Libya. (2024). Three-dimensional Ground Control Points
(GCPs) dataset for Tripoli and Gharyan regions. Tripoli, Libya.

13



|
sl o il Luilopcd (Gl iy (8 (gl UL 5 Sial) Cutfpal) lpa falaty g sl dadled agsls
|

Aliia Aulyd @k cliy B (elagudl Jaliill) §)Sial) aafgal) aBlga Jalaty du)g all Aadlaad) audl
(Arad — judid Cp pal) Gk Ao duilase daa sl
dgana S Jgr
Sasaod@elmergib.edu.ly
bl — el daala = Algs o)) dudigl) AulS — duidal) dutigh) auid

—: paliiual)
(el tisall daatilly (Traffic Safety) gl dadladl aslss A cbaaill 550 e @yl Elga a3
3Ty cdayg yal) LSlall avin ) Gandl 3 Caagay cAaald LaleaiBly Aopds fled (e dased Ll )l
(Accident Black Spots — elygad) Llall Lusing Liljaa Ciyad o 5),Siall Cuolpall adlse

O e Al Aridly pdie (g pead JRhaie (bl Sb)dl okl sk e Black Points)
Y] g pell s dla (50 auily (bl Algy B pude
Ol iy 3 Eload) Slanes and e i) sl aeagl) meidl e Al el
Laepdl) Gylally cdnllall 40 pall A8ESN ld Al ghalial) 1@kl Joda Ao ponlie iihac
ool Jlay (e Ll dase e lisad 83 o slae Yl @y tiagiall dalyal) cilallally
sl Gl e Balall el dibani) clibud) dalas ) ALYl ¢ uaidall Gautigally
Chay Galgall ¥ axdd sla syl 5l asag ehall )] st e Ll dilian) milil ekl
Ol aal Baldlly ¢ (plaall 50 Ayl ¢llunal) Al gl Japdaanl) calag g cdnanl) dosd)
L sl
Ll LS alall daad jslaall Goyhall' g Al clakali’ aaat ) Liwxia dudll coaldy
adlaill eV o Gandl il LS Slale T Saas b 3l dajall (Black Spots) slagall
gl H3all Gle dam Guleall i leged AV Llal) o alall (e alala eVl L) (e
el Ll Jondiy cdaal) adaliall digl asesaill 5ale) 89 s Canl)  mgy Al 5.LiaY )
L Oilall ASoldl lig il e aall A jlial) Guilsdl) (Gasdaig ¢ g yal
cehagedl Bl (bl cdanad ¢ jpde Cp yead cylall Galga cdaygsall ALl tduabisd) Lo

14



|
21-14, 2026 43 — (13) s Gl asal) A9 jaalt 59,0 dLae

Abstract

Road traffic accidents represent one of the most prominent challenges facing traffic
safety and sustainable development due to the catastrophic human and economic losses
they incur. This research aims to assess traffic safety and identify recurring accident
locations, geographically and engineeringly known as accident black spots, along the
arterial road connecting the areas of Qasr bin Ghashir and Esbiaa within the municipality
of Qasr bin Ghashir in Libya, while evaluating its suitability for safe transit. The study
adopted a comparative descriptive-analytical approach by examining the causes of
accidents in two distinct topographic and urban environments along the corridor: high-
density commercial zones, and minor roads and open arterial intersections. This was
achieved through a field questionnaire targeted at a sample of traffic officers and
specialized engineers, supplemented by the analysis of official statistical data issued by
traffic departments.

The statistical results, based on the analysis of expert opinions, revealed a sharp, directly
proportional impact on accident rates resulting from deficient infrastructure, lack of
engineering planning for lane alignment, excessive driver speeding, and underage
driving. From an engineering perspective, the study concluded by identifying "Al-
Twaisha Intersections" and "The Road Adjacent to Al-Afiya Clinic" as the most critical
black spots requiring urgent engineering intervention. Furthermore, the research
demonstrated that head-on and rear-end collisions are the most prevalent accident
patterns due to the absence of median barriers and night lighting. The study strongly
recommends the necessity of engineering redesign for critical road sections, activating
traffic enforcement checkpoints, and implementing stringent regulations to mitigate
drivers' behavioral violations.

Keywords: Traffic Safety, Road Accidents, Qasr bin Ghashir, Esbiaa, Libya, Accident
Black Spots.
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Abstract
This study aims to analyze the role of social media in reshaping human relationships
among students at the University of Benghazi. It measures the level of social media
usage, identifies the dimensions of its positive and negative impacts, and explores
statistically significant differences based on demographic variables (gender,
specialization, and academic level).
The study adopted a descriptive-analytical approach, applied to an equal stratified
random sample of (320) male and female students from various university faculties. Data
were collected via an electronic questionnaire, with verified validity and reliability. The
results indicated a high level of social media usage among students, with positive effects
outweighing the negative ones. Furthermore, statistically significant differences in impact
were found attributed to gender and academic level, while no significant differences were
observed regarding specialization. The findings are discussed in light of the theoretical
framework and previous literature. The study concludes with practical recommendations
for university administrations, families, and students, alongside suggestions for future
research.

Keywords: social media, Human Relationships, University Students, University of
Benghazi, Digital Transformation.
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Abstract:

Libyan cities, including Sirte City, have undergone profound urban transformations due
to successive periods of armed conflict followed by reconstruction and urban renewal
interventions. These processes have significantly influenced the structure of urban
networks and patterns of spatial connectivity. In the absence of detailed spatial analyses
addressing these transformations, this study aims to investigate the axial structure of Sirte
in its current state, considering it as a composite outcome of war impacts and post-
conflict reconstruction.

The study employs the Space Syntax methodology through Axial Analysis, based on the
development of a comprehensive axial map of the city’s street network, analyzed using
DepthmapX software. Key spatial measures include Global Integration, Local
Integration, Connectivity, and Choice. These indicators are interpreted as reflections of
the current spatial condition of the urban network, aiming to identify levels of cohesion
or fragmentation shaped by conflict and reconstruction processes.

The findings reveal noticeable variations in spatial integration across the network, with
potential movement concentrated along a limited number of primary axes, while large
portions of the urban fabric exhibit lower levels of connectivity. These patterns can be
understood as outcomes of war-related disruptions, including the fragmentation of key
urban routes, as well as reconstruction efforts that have not sufficiently addressed the
restoration of spatial continuity.

The study argues that post-conflict reconstruction should extend beyond physical
rebuilding to include the reconfiguration of spatial connectivity, as a fundamental
component for achieving urban efficiency and reinforcing social cohesion.

Keywords: Post-Conflict, Space Syntax, Axial Analysis, Urban Connectivity,
Reconstruction, Sirte.
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Abstract:

This study aims to analyze and critically examine Libyan Traffic Law No. (11) of 1984
and its amendments, and to identify the gap between its provisions and their practical
application. The research problem lies in assessing the effectiveness of the legislation in
reducing traffic accidents and identifying the obstacles to its implementation that hinder
the achievement of its objectives. The study adopts a critical analytical approach to the
legal provisions, a descriptive approach to statistics, and a comparative approach to
benefit from similar experiences. The sample included judicial rulings, administrative
reports, and official statistics for the years 2015-2024. The study found legislative
shortcomings in keeping pace with recent developments, weak monitoring mechanisms,
overlapping jurisdictions, and a lack of professional training programs. It recommends a
comprehensive review of the law, strengthening modern monitoring technologies,
activating surveillance cameras, developing training programs for traffic enforcement
officers, and establishing a unified database. The study concludes that effective
enforcement of traffic legislation requires political and institutional will to bridge the gap
between legal provisions and their practical application.

Keywords: Libyan Traffic Law, Traffic Accidents, Traffic Legislation, Law
Enforcement, Traffic Control, Road Safety, Legal Enforcement, Libya.
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Abstract

Historical citadels represent some of the most significant architectural evidence reflecting
the evolution of defensive and administrative architecture in traditional societies. They
successfully integrated the requirements of protection and security with the organization
of administrative and social activities. Al-Qasr Citadel in the Qasr Al-Khyar region
stands as a crucial architectural model that retains a substantial portion of its urban and
structural characteristics, despite exposure to factors of deterioration and aging.

The research problem lies in the scarcity of architectural studies addressing the citadel
from an analytical perspective that connects spatial configuration, defensive and
administrative elements, and architectural sustainability. This gap has resulted in
inadequate documentation of the building's urban value and limited its potential
utilization in contemporary studies.

This study aims to analyze the architectural characteristics of the citadel, identify its
defensive and administrative functions, and highlight the role of local materials and
traditional elements in achieving environmental sustainability. The research adopts
historical and descriptive-analytical approaches by documenting field photographs and
historical references, alongside analyzing the architectural elements and interior spaces of
the citadel.

The results demonstrate that the citadel represents an integrated model of traditional
defensive architecture, successfully achieving a balance among security, administration,
and environmental adaptation. This was accomplished through the utilization of interior
courtyards, thick walls, local materials, and hierarchical spatial organization.
Furthermore, the study confirms that numerous design principles applied within the
citadel align with contemporary sustainability concepts, positioning it as a vital reference
for leveraging heritage architecture in the development of modern architecture.
Keywords: Al-Qasr Citadel; Qasr Al-Khyar; Libya; Defensive Architecture;
Administrative Architecture; Architectural Composition; Architectural Sustainability;
Urban Heritage.
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Abstract

The study aimed to assess the marketing efficiency of honey production in the
municipalities of southern Libya during the 2023—-2024 production season. It employed
both descriptive and quantitative economic analysis based on primary data collected to
achieve the objectives of the study. The results showed that fixed costs accounted for
87.76% of the total production costs, while variable costs represented 12.24% during the
study period. The average net return from honey production was 68.7 Libyan dinars per
hive, whereas the average production cost reached 109.6 Libyan dinars per hive. The
findings also indicated that the relative profitability of honey production was
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approximately 19.5%, while the return on the invested dinar (i.e., the return generated
from each Libyan dinar spent on honey production) was about 0.63 Libyan dinars during
the 2023-2024 season. Based on these findings, the researchers recommended
strengthening support for beekeepers' associations in the region and organizing training
programs aimed at diversifying honey products and improving their quality. They also
emphasized the importance of supporting honey exports and encouraging participation in
local and international exhibitions to promote honey production in southern Libya.
Furthermore, the study recommended supporting local markets by providing suitable
transportation for beekeepers, thereby improving the marketing efficiency of their
products and enhancing their access to markets.

Keywords: Marketing Efficiency, Honey Production, Beekeeping, Production Costs, Net
Return, Relative Profitability.
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Abstract

Urban flooding has become one of the most significant challenges facing cities due to
climate change and unplanned urban expansion, highlighting the need to integrate
disaster risk reduction into urban planning policies. The catastrophic impacts of Storm
Daniel on the city of Derna, Libya, in September 2023 exposed critical deficiencies in
land-use planning, infrastructure performance, and disaster risk management.

This study aims to evaluate the role of urban planning in reducing flood risk in Derna by
integrating spatial analysis using Geographic Information Systems (GIS) with the
Analytic Hierarchy Process (AHP), based on spatial data and a field survey involving

200 participants. The findings revealed that urban expansion along Wadi
Derna and the inadequate performance of stormwater drainage systems were among the
main factors contributing to the severity of the disaster. The AHP analysis identified early
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warning and emergency preparedness systems as the highest-priority planning
intervention, followed by the rehabilitation of the wadi and bridges, and land-use
planning measures.

The study concludes that integrating spatial analysis with multi-criteria decision-making
provides a practical framework for supporting post-disaster reconstruction, enhancing the
effectiveness of urban planning, and reducing flood risk in Derna and other cities with
similar geographical and environmental characteristics.

Keywords: Urban Planning; Flood Risk; Derna; Geographic Information Systems (GIS);
Analytic Hierarchy Process (AHP); Post-Disaster Reconstruction.
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Abstract

The erosion of local architectural identity in Greater Tripoli under the pressures of
globalization and rapid urban expansion represents a significant challenge to the
preservation of architectural cultural heritage. This paper explores a design-based
methodology for reviving traditional crafts within a contemporary architectural
framework that reinforces local identity. The city of Tripoli in Libya was selected for the
study due to its rich architectural history across various eras, with many buildings still
bearing witness to this heritage through distinct architectural details and elements. The
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Al-Ghairan district was chosen as the project site, and the project was named "Bayt
al-Fann" (House of Art) for traditional arts and crafts industries.
The study adopted a descriptive-analytical approach to analyze the current state of
traditional industries and three reference architectural models (local, Arab, and
international), in addition to an applied approach in developing the design. Research tools
included: site analysis (area: 35,500 m?), studying user needs, and extracting design
criteria according to seven main dimensions.
The results demonstrated the possibility of employing elements of traditional Libyan
architecture—such as courtyards, arches, and mashrabiyas—within a contemporary
framework that achieves functional efficiency. This paper concludes that the strategic
integration of local elements with modern construction techniques can produce a
contemporary local architecture that preserves the city's architectural heritage, is
environmentally responsive, and is closely aligned with the project's function. Thus, the
"Bayt al-Fann" architectural design serves as an important model for protecting Libya's
tangible heritage.
Keywords: Local Architectural Identity, Libyan Architectural Heritage, Local
Architectural Elements, Architecture and Sustainability, Local Architectural Design.
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Oil well workover projects are critical operations in the petroleum industry, as they restore
well productivity, extend asset life, and maintain production efficiency. However, these
projects are subject to operational uncertainties, equipment-related risks, and unexpected
subsurface conditions that may affect cost and schedule performance. This study evaluates
the time and cost performance of an oil well workover project by integrating Analogous
Estimation during planning with Earned Value Management (EVM) during execution.

A case study was conducted using data from a real workover project with a planned duration
of 30 days and a Budget at Completion (BAC) of USD 1,956,000. Historical data from
similar workover operations were used to establish the initial project baseline. During
execution, performance was assessed using EVM indicators, including PV, EV, AC, CV, SV,
CPL SPI, EAC, and VAC.

The results showed that an equipment-related delay reduced SPI to 0.83 and CPI to 0.74,
indicating significant schedule delay and cost inefficiency. Following corrective actions, both
SPI and CPI improved to 0.99 by Day 18, demonstrating substantial recovery in project
performance. The findings indicate that integrating Analogous Estimation with EVM
provides an effective framework for project estimation, early detection of performance
deviations, and timely corrective decision-making throughout the project lifecycle.
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Introduction

Oil well workover projects play a fundamental role in maintaining and enhancing
hydrocarbon production by restoring well integrity, improving production performance, and
extending the operational life of mature oil fields. Unlike routine drilling operations,
workover projects are characterized by high operational uncertainty due to changing well
conditions, equipment availability, reservoir behavior, and unforeseen technical challenges.
These uncertainties can result in deviations from the planned project schedule and budget,
making effective project planning, estimation, and performance control essential for
successful project execution.

In the petroleum industry, project success is commonly assessed based on the ability to
achieve planned objectives within the approved budget and schedule while maintaining safety
and operational quality. Consequently, project managers require reliable estimation
techniques during the planning phase and effective performance monitoring tools during
project execution to identify deviations, manage risks, and support timely decision-making.

Among the various project estimation techniques, Analogous Estimation is widely used
during the early planning stage because it utilizes historical information from previously
completed projects to estimate similar project duration and cost. Although this technique is
practical and time-efficient, its accuracy depends largely on the similarity between historical
and current projects.

For project monitoring and control, Earned Value Management (EVM) has become one of
the most widely recognized performance measurement techniques. EVM integrates project
scope, schedule, and cost into a single management framework, allowing project managers to
evaluate current performance, identify deviations, and forecast future project outcomes using
quantitative performance indicators.
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Although both Analogous Estimation and Earned Value Management have been extensively
discussed in project management literature, limited research has investigated their combined
application in oil well workover projects. Integrating these two approaches may provide a
more comprehensive framework that improves both planning accuracy and project
performance control throughout the project lifecycle.

Therefore, this study investigates the integration of Analogous Estimation and Earned Value
Management to evaluate the time and cost performance of a real oil well workover project.
The study also analyzes project deviations and demonstrates how combining historical
estimation with performance measurement can support more effective project management
decisions in petroleum operations.

1. Research Problem

Oil well workover projects frequently experience cost overruns and schedule delays due to
technical uncertainties, equipment failures, changing well conditions, and unforeseen
operational risks. Although many petroleum companies rely on historical experience for
project planning, project performance is often monitored using conventional cost reports that
fail to integrate schedule progress with actual expenditures. As a result, project managers
may not detect performance deviations until they become significant, reducing their ability to
implement timely corrective actions.

Furthermore, while Analogous Estimation is widely used for preliminary cost and duration
estimation, and Earned Value Management (EVM) is recognized as an effective project
performance measurement technique, limited studies have investigated the integration of
these two approaches in oil well workover projects.

Accordingly, the research problem addressed in this study is the lack of an integrated
framework that combines historical project estimation with quantitative project performance
measurement to improve cost and schedule control in oil well workover operations.

2. Research Objectives

The primary objective of this study is to evaluate the effectiveness of integrating Analogous
Estimation and Earned Value Management (EVM) in improving cost and schedule
performance evaluation for oil well workover projects.
The specific objectives are:
1. To estimate the project cost and duration using Analogous Estimation based on
historical workover projects.
To evaluate project cost performance using Earned Value Management indicators.
To assess project schedule performance throughout project execution.
To identify the main causes of cost and schedule deviations.
To forecast the final project cost using Earned Value Management forecasting
techniques.
6. To recommend corrective actions that improve project performance and support
decision-making in future workover projects.
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Research Methodology

This study adopted a descriptive analytical approach using a case study methodology to
evaluate the performance of a real oil well workover project. The research integrates
Analogous Estimation during the planning stage with Earned Value Management during
project execution to provide a comprehensive assessment of project cost and schedule
performance.

Historical information obtained from previously completed workover projects was used to
estimate the project's baseline cost and duration through Analogous Estimation.
Subsequently, actual project execution data were collected and analyzed using Earned Value
Management performance indicators.

The project performance assessment was based on the calculation of Planned Value (PV),
Earned Value (EV), Actual Cost (AC), Cost Variance (CV), Schedule Variance (SV), Cost
Performance Index (CPI), Schedule Performance Index (SPI), Estimate at Completion
(EAC), Estimate to Complete (ETC), and Variance at Completion (VAC). The results were
interpreted to identify project deviations, evaluate management performance, and develop
practical recommendations for improving future workover project planning and execution.

3. Literature Review

3.1 Project Cost Management

Project Cost Management is one of the fundamental knowledge areas in project management
and aims to ensure that projects are completed within the approved budget while achieving
their technical and operational objectives. According to the Project Management Institute
(PMI, 2021), project cost management includes the processes required to plan, estimate,
budget, finance, fund, manage, and control project costs throughout the project life cycle.
Effective cost management involves four principal processes:

e Plan Cost Management

o Estimate Costs

e Determine Budget

o Control Costs
These processes establish the project cost baseline and provide the necessary framework for
monitoring expenditures, controlling budget deviations, and supporting informed managerial
decisions during project execution.
In oil and gas projects, particularly oil well workover operations, cost management is
especially challenging due to operational uncertainties, fluctuating service costs, equipment
availability, and unexpected subsurface conditions. Consequently, accurate cost estimation
and continuous cost control are essential for minimizing financial risks and ensuring
successful project delivery.

3.2 Analogous Estimation

Analogous Estimation is one of the most commonly used estimation techniques during the
early stages of project planning. It estimates the expected project cost, duration, or required
resources by comparing the current project with previously completed projects that share
similar technical, operational, and environmental characteristics. According to the Project
Management Institute (PMI, 2021), this technique relies on expert judgment supported by
historical project data and is particularly valuable when detailed project information is
limited.
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The primary advantage of Analogous Estimation is its speed and practicality, allowing
project managers to establish an initial project baseline with relatively little effort. However,
its accuracy depends on the quality and relevance of historical data, as well as the degree of
similarity between the reference projects and the project being estimated. Consequently,
organizations with comprehensive project databases generally achieve more reliable
estimates than those relying solely on expert opinion.

Analogous Estimation can be particularly useful in oil well workover projects because many
workover operations involve recurring activities such as rig mobilization, tubing replacement,
well stimulation, completion repairs, and testing. Historical information from previous
workover campaigns provides a practical basis for estimating project cost and duration while
reducing planning time and improving budgeting accuracy.

3.3 Earned Value Management (EVM)

Earned Value Management (EVM) is an integrated project performance measurement
methodology that combines project scope, schedule, and cost into a single management
framework. Unlike traditional cost monitoring methods, which compare actual expenditures
with the project budget, EVM evaluates the value of work actually completed against both
the planned schedule and the actual cost incurred.

According to Fleming and Koppelman (2010), Earned Value Management enables project
managers to measure current project performance objectively while forecasting future cost
and schedule outcomes before project completion. This capability allows organizations to
detect performance deviations early and implement corrective actions before they
significantly affect project objectives.

EVM is a well-established project performance measurement and control methodology and is
discussed within the project management standards and literature associated with PMI. (PMI,
2021) for monitoring project performance. It has been successfully implemented across
various industries, including construction, manufacturing, defense, information technology,
and petroleum engineering, due to its ability to provide reliable quantitative indicators for
project control and decision-making.

For oil well workover projects, where operational conditions can change rapidly because of
equipment failures, well integrity issues, or unexpected subsurface conditions, EVM provides
an effective mechanism for continuously evaluating project performance and identifying
deviations that require immediate management attention.

3.4 EVM Performance Indicators

The effectiveness of Eamed Value Management depends on several key performance
indicators that measure project progress from both financial and scheduling perspectives.
» Planned Value (PV)

Planned Value represents the authorized budget assigned to the work scheduled to be
completed by a specific reporting date. It serves as the project's planned performance
baseline.

» Earned Value (EV)
Earned Value represents the budgeted value of the work that has actually been completed. It
measures project progress in monetary terms using the original project budget rather than
actual expenditures.

» Actual Cost (AC)
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Actual Cost is the total expenditure incurred for the work performed during the reporting
period. It reflects the real financial resources consumed by the project.
¢ Cost Variance (CV)
Cost Variance measures the difference between Earned Value and Actual Cost.
» CV > 0: Project is under budget.
» CV =0: Project is on budget.
» CV <0: Project is over budget.

¢ Schedule Variance (SV)
Schedule Variance measures the difference between Earned Value and Planned Value.
» SV > 0: Project is ahead of schedule.
» SV =0: Project is on schedule.
» SV <0: Project is behind schedule.
+ Cost Performance Index (CPI)
The Cost Performance Index evaluates cost efficiency by comparing the value of
completed work with the actual expenditure.
» CPI > 1: Efficient cost performance.
» CPI = 1: Performance meets the planned budget.
» CPI < 1: Cost performance is inefficient.
% Schedule Performance Index (SPI)
The Schedule Performance Index measures schedule efficiency by comparing completed
work with planned work.
» SPI > 1: Project is progressing faster than planned.
» SPI = 1: Project is on schedule.
» SPI < 1: Project is progressing slower than planned.

5.5 EVM Forecasting Techniques

One of the major strengths of Earned Value Management is its ability to forecast future
project performance based on current execution trends. These forecasting indicators enable
project managers to estimate the project's expected final cost and determine whether
corrective actions are required.

The most commonly used forecasting indicators include:

o Estimate at Completion (EAC): Predicts the total expected project cost at
completion based on current project performance.

o Estimate to Complete (ETC): Estimates the additional cost required to complete the
remaining project work.

e Variance at Completion (VAC): Measures the expected difference between the
approved project budget and the forecasted final project cost.

e To Complete Performance Index (TCPI): Indicates the level of cost efficiency that
must be achieved during the remaining work to complete the project within the
approved budget.

These forecasting metrics provide project managers with valuable information for proactive
decision-making, enabling timely corrective actions that minimize cost overruns and schedule
delays.
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5.6 Research Gap

Existing studies have extensively examined Earmed Value Management for project
performance monitoring and forecasting, while other studies have addressed workover
operations, rig scheduling, and historical data-based estimation. However, limited attention
has been given to integrating Analogous Estimation with EVM within a single framework for
oil well workover projects. This gap is particularly relevant in workover operations, where
historical similarities can support initial estimation, while continuous EVM monitoring can
identify deviations during execution.

6. Previous Studies

Numerous studies have demonstrated the effectiveness of Earned Value Management (EVM)
in improving project performance measurement and supporting project control across various
engineering sectors. However, only a limited number of studies have investigated the
integration of project estimation techniques with EVM, particularly in petroleum workover
projects.

Mayo-Alvarez et al. (2022) conducted a systematic review of Earned Value Management
applications and concluded that EVM 1is one of the most reliable methodologies for
monitoring project cost and schedule performance. Their study emphasized that the
integration of performance indicators such as the Cost Performance Index (CPI) and Schedule
Performance Index (SPI) enables project managers to identify deviations early and improve
decision-making throughout the project life cycle.

Similarly, Proafo-Narvaez et al. (2022) highlighted the practical application of EVM in
construction projects and reported that continuous monitoring of earned value indicators
significantly improves project control, particularly in projects exposed to uncertainty and
changing execution conditions.

Lopez Pascual et al. (2021) proposed an enhanced Earned Value Management model that
incorporates additional performance indicators to improve forecasting accuracy. Their
findings demonstrated that advanced EVM models provide more reliable estimates of project
completion cost and schedule than traditional monitoring techniques.

From the perspective of project estimation, the Project Management Institute (PMI, 2021)
identifies Analogous Estimation as one of the standard estimation techniques for developing
preliminary project budgets and schedules using historical information from similar projects.
Likewise, Kerzner (2022) emphasized that historical project databases significantly improve
estimation accuracy when combined with systematic project performance measurement.
Despite these contributions, previous studies have primarily focused on either project
estimation or project performance measurement independently. Very limited research has
investigated the integration of Analogous Estimation and Earned Value Management
within the context of oil well workover projects, where operational uncertainty and rapid
decision-making are critical to project success.

Therefore, this study contributes to the existing literature by proposing an integrated
framework that combines historical project estimation with quantitative performance
measurement to improve cost and schedule management in oil well workover operations.
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7. Case Study

7.1 Project Description

The case study presented in this research focuses on a real oil well workover project
undertaken to restore well productivity and improve operational performance. The project
included several workover activities, such as rig mobilization, well intervention, tubing
operations, equipment replacement, well testing, and final demobilization.

Oil well workover projects differ from conventional construction projects because they are
highly sensitive to operational conditions, equipment availability, and well integrity
requirements. Unexpected technical issues may arise during execution, requiring additional
resources, increasing operational costs, and extending the planned project duration.
Consequently, effective project planning, reliable estimation, and continuous performance
monitoring are essential to ensure successful project delivery.

The project was planned using Analogous Estimation, where historical information from
previously completed workover projects with similar operational characteristics was used to
develop the initial estimates of project duration and cost. During execution, project
performance was monitored using Earned Value Management (EVM) to evaluate cost and
schedule performance identify deviations from the approved baseline, and support timely
management decision-making.

The approved project baseline consisted of:

e Project Type: Oil Well Workover Project
e Project Duration: 30 Days
o Budget at Completion (BAC): USD 1,956,000

7.2 Project Schedule and Baseline Budget

Based on historical workover data and expert judgment, the project was divided into five
major execution phases, as presented in Table 1.
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Table 7.2 Project Schedule and Baseline Budget

Project Phase Duration (Days) | Schedule (%) | Budget (USD)
Mobilization and Site Preparation 3 10% 195,600
Well Intervention Operations 9 30% 586,800
Workover and Equipment Replacement 12 40% 782,400
Well Testing and Completion 4 13.3% 260,148
Demobilization and Project Closeout 2 6.7% 131,052
Total 30 100% 1,956,000

The project baseline established through Analogous Estimation served as the reference for
evaluating project performance during execution. The estimated budget and schedule were
subsequently used in the Earned Value Management analysis to determine project deviations,
forecast completion performance, and assess overall project efficiency.

8. Application of Analogous Estimation and Earned Value Management

8.1 Project Baseline Development Using Analogous Estimation

The project baseline was established using the Analogous Estimation technique based on
historical data from similar oil well workover projects. This approach was used to estimate
the project duration and budget before execution. The approved baseline consisted of a 30-
day project duration and a Budget at Completion (BAC) of 1,956,000 USD.

The cumulative Planned Value (PV) was distributed according to the approved project
schedule, as presented in Table 8.1 and illustrated by the baseline S-Curve (Figure 8.1). The
baseline represents the planned cost distribution throughout the project lifecycle and serves as
the reference for evaluating project performance using Earned Value Management (EVM).




|
Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 1-17

Table 8.1 Planned Value (PV) Baseline Data

Day PV
| 0.00 | 0.00 |
| 2 | 10,000.00 |
| 5 [ 200,000.00 |
| 8 | 760,000.00 |
| 12 [ 1,100,000.00 |
| 15 | 1,200,000.00 |
| 18 | 1,500,000.00 |
| 23 | 1,901,000.00 |
| 27 | 1,950,000.00 |
| 30 | 1,956,000.00 |
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Figure 8.1. Baseline S-Curve (Planned Value)

8.2 Equipment Delay Scenario

Although the project baseline assumed uninterrupted execution, oil well workover projects
are inherently exposed to operational risks that may adversely affect project performance. To
evaluate the impact of such disruptions, an equipment delay scenario was developed in which
the delivery of critical workover equipment was delayed during the execution phase. This
interruption reduced productivity while project expenditures continued to increase due to rig
standby costs, labor expenses, equipment rental, and operational support services.
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Table 8.2. Project Performance Data During Equipment Delay Scenario

Day PV EV AC

0 - - -

2 10,000.00 10,000.00 12,000.00
5 200,000.00 195,000.00 205,000.00
8 760,000.00 735,000.00 820,000.00
12 1,100,000.00 1,000,000.00 1,250,000.00
15 1,200,000.00 1,100,000.00 1,450,000.00
18 1,500,000.00 1,250,000.00 1,700,000.00
23 1,901,000.00 1,650,000.00 1,950,000.00
27 1,950,000.00 1,800,000.00 2,030,000.00
30 1,956,000.00 1,850,000.00 2,100,000.00
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Figure 8.2. S-Curve for Equipment Delay Scenario
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As illustrated in Figure X.2, the Planned Value (PV), Earned Value (EV), and Actual Cost
(AC) curves remained relatively close during the early stages of execution. However, after
Day 8, the

delayed delivery of critical equipment caused a significant reduction in project progress,
resulting in an increasing gap between the three performance curves.

The largest deviation occurred on Day 18, where project performance indicators were
calculated as follows:

o Planned Value (PV): 1,500,000 USD
o Earned Value (EV): 1,250,000 USD
e Actual Cost (AC): UD 1,700,000 USD
The corresponding Earned Value Management indicators were:
¢ Schedule Variance (SV) =-250,000 USD
e Cost Variance (CV) =—-450,000 USD
¢ Schedule Performance Index (SPI) = 0.83
e Cost Performance Index (CPI) =0.74

Based on the current cost performance, the project completion forecast was calculated using
the Estimate at Completion (EAC):

EAC=BAC / CPI=1,956,000 / 0.74= 2,643,243 USD
Accordingly, the expected Variance at Completion (VAC) was:

VAC=BAC-EAC=-687,243 USD

These results indicate that the project was significantly behind schedule and over budget. If
no corrective actions had been implemented, the project would have exceeded its approved
budget by approximately 35% while experiencing substantial schedule slippage.

8.3 Project Recovery Phase

A recovery scenario was subsequently developed to evaluate the potential effect of corrective
actions on project performance. The recovery plan included accelerated equipment
procurement, improved supplier coordination, optimized resource allocation, activity
resequencing, and controlled overtime during critical activities.
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Table 8.3. Project Performance Data After Recovery Actions

Day PV EV AC
0 0 0 0
2 10,000.00 10,000.00 10,500.00
5 200,000.00 195,000.00 202,000.00
8 760,000.00 750,000.00 765,000.00
12 1,100,000.00 1,080,000.00 1,110,000.00
15 1,200,000.00 1,180,000.00 1,210,000.00
18 1,500,000.00 1,485,000.00 1,505,000.00
23 1,901,000.00 1,890,000.00 1,905,000.00
27 1,950,000.00 1,950,000.00 1,955,000.00
30 1,956,000.00 1,956,000.00 1,956,500.00
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1000000
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Figure 8.3. Recovery S-Curve

The recovery actions produced a noticeable improvement in both schedule and cost
performance. By Day 18, the performance indicators had improved considerably:




-
Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 1-17

o Planned Value (PV): 1,500,000 USD
o Earned Value (EV): 1,485,000 USD
e Actual Cost (AC): 1,505,000 USD
The corresponding Earned Value indicators were:
Schedule Variance (SV) =—15,000 USD
Cost Variance (CV) =-20,000 USD
Schedule Performance Index (SPI) = 0.99
Cost Performance Index (CPI) = 0.99
The improvement in SPI and CPI indicates that the corrective measures successfully restored
project performance and minimized the impact of the equipment delay.
At project completion (30 Days), all planned work had been completed, resulting in:
e PV =1,956,000 USD
« EV=1,956,000 USD
e AC=1,956,500 USD
The final project performance indicators were:
e SV=0USD
e CV=-500USD
e SPI=1.00
e CPI=0.9997
These results demonstrate that the project was completed according to the planned schedule,
with only a negligible cost overrun of 500 USD, representing less than 0.03% of the
approved project budget.

8.4 Comparative Performance Evaluation

To assess the effectiveness of the implemented recovery strategy, the project performance
before and after corrective actions was compared using the principal Earned Value
Management indicators.

Table 8.4. Comparison of Project Performance Before and After Recovery

Indicator Equipment Delay Recovery Phase Improvement
SV -250,000 USD -15,000 94.0%
CvV -450,000 USD -20,000 95.6%
SPI 0.83 0.99 +19.3%
CPI1 0.74 0.99 +33.8%

The comparison demonstrates the effectiveness of the recovery strategy in bringing project
performance closer to the approved baseline. Schedule deviation was reduced by
approximately 94%, while cost deviation decreased by nearly 96%. Likewise, both the
Schedule Performance Index and Cost Performance Index improved substantially, indicating
that project performance approached the approved baseline.
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These findings demonstrate that continuous project monitoring using Earned Value
Management can enable early identification of performance deviations and support
timely corrective actions. Furthermore, integrating Analogous Estimation with Earned
Value Management offers an integrated framework for planning, monitoring, and
controlling oil well workover projects under uncertain operating conditions.

8.5 Discussion of Results

The results of this case study indicate that integrating Analogous Estimation with Earned
Value Management (EVM) provides a practical approach to planning and monitoring oil well
workover projects. Analogous Estimation established a realistic project baseline using
historical project data, while EVM enabled continuous monitoring of project performance
through quantitative cost and schedule indicators.

The equipment delay scenario demonstrated how operational disruptions can rapidly lead to
schedule delays and cost overruns. Conversely, the recovery scenario showed that timely
corrective actions significantly improved project performance, reducing both schedule and
cost deviations and restoring alignment with the approved baseline.

These findings are consistent with previous studies, which emphasize that EVM supports
early detection of project deviations and improves decision-making through continuous
performance monitoring. The proposed integration enhances estimation accuracy, strengthens
project control, and provides project managers with reliable information for responding to
operational risks and improving project outcomes.

9 Corrective Action Plan

The Earned Value Management analysis identified both cost overruns and schedule delays
during project execution. Based on these findings, several corrective actions are
recommended to improve project performance and minimize further deviations.

9.1 Resource Optimization

To recover schedule delays, project management should optimize the allocation of critical
resources by improving equipment utilization, minimizing rig idle time, and ensuring the
timely availability of materials and specialized personnel. Efficient resource allocation can
significantly improve schedule performance without substantially increasing project costs.

9.2 Enhanced Cost Control

Since the project exhibited inefficient cost performance, stricter financial monitoring
procedures should be implemented. Daily cost tracking, regular comparison of actual
expenditures with the project baseline, and continuous monitoring of high-cost activities will
enable early identification of budget deviations and facilitate timely corrective actions.

9.3 Risk Management Improvement

Unexpected operational events are common in oil well workover projects. Therefore, project
managers should maintain an updated risk register, conduct periodic risk assessments, and
establish contingency plans for equipment failures, well integrity issues, and unforeseen
operational conditions. Integrating risk management with project performance monitoring
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enhances organizational readiness and reduces the likelihood of significant project
disruptions.

9.4 Continuous Performance Monitoring

Project performance indicators should be reviewed regularly throughout project execution.
Continuous calculation of CPI, SPI, and forecasting metrics allows management to detect
performance deterioration early and implement corrective measures before deviations
become critical.

10 . Recommendations

Based on the findings of this study, the following recommendations are proposed:

1. Petroleum companies should integrate Analogous Estimation with Earned Value
Management as a standard practice for planning and controlling oil well workover
projects.

2. Historical project databases should be continuously updated to improve the accuracy
of analogous cost and schedule estimates.

3. Earned Value Management indicators should be calculated periodically throughout
project execution rather than only at project completion.

4. Risk management activities should be integrated into project planning to reduce the
impact of operational uncertainties on project performance.

5. Project managers should establish formal performance review procedures whenever
significant deviations in CPI or SPI are detected.

6. Future workover projects should incorporate lessons learned from completed
operations to improve estimation accuracy and project control effectiveness.

11 . Conclusion

This study presented an integrated approach for evaluating the cost and schedule performance
of an oil well workover project by combining Analogous Estimation with Earned Value
Management (EVM). Analogous Estimation was employed during project planning to
establish the initial project baseline using historical workover data, while Earned Value
Management was applied during project execution to monitor performance and evaluate
project progress.

The results demonstrated that the project experienced both cost overruns and schedule delays,
as indicated by the calculated Cost Performance Index (CPI) and Schedule Performance
Index (SPI). Forecasting indicators further suggested that the final project cost would exceed
the approved budget if the current performance trend continued.

The study confirms that integrating historical estimation techniques with quantitative
performance measurement provides project managers with a more comprehensive decision-
support framework. The proposed approach enhances estimation accuracy, facilitates early
identification of project deviations, and supports timely corrective actions, thereby improving
the overall management of oil well workover projects.

Unlike previous studies that primarily examined Earned Value Management as a project
control tool, this research demonstrates the practical benefits of integrating Analogous
Estimation with EVM. The proposed framework enhances both project planning and
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performance monitoring, providing a more comprehensive approach to managing oil well
workover projects under uncertain operating conditions.

Future research may extend this work by applying the proposed framework to multiple
workover projects and comparing its effectiveness with other project estimation and
performance measurement techniques in the petroleum industry.
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Abstract

This study investigated Libyan English as a Foreign Language (EFL) students’ perceptions,
attitudes, benefits, and challenges regarding the use of ChatGPT’s voice chat feature for
speaking practice. Framed within Vygotsky’s Social Interactionism Theory and the Zone of
Proximal Development, the research addressed geographical and methodological gaps by
examining interactive communicative competence in a Libyan tertiary context. A mixed-
methods survey design was used to gather data from a purposive sample of 32 undergraduate
and postgraduate EFL students at the University of Tripoli via an online questionnaire
comprising Likert-scale and open-ended items.

The findings revealed significantly positive attitudes toward the Al tool; 45.16% of
participants agreed that ChatGPT voice chat improved their overall speaking skills, noting
advancements in pronunciation (38.71%), vocabulary (45.16%), and confidence (35.48%).
Qualitative analysis confirmed that the chatbot provided a safe, judgment-free environment
that reduced anxiety and the fear of making mistakes. However, notable challenges emerged,
including internet connectivity issues, a lack of conversational realism, and shallow feedback
compared to human interaction. Despite sample-size limitations and the absence of an
experimental design, this study underscores the pedagogical potential of integrating
generative Al voice tools to support authentic language production.

Keywords: ChatGPT, voice chat, speaking skills, Al, EFL students.
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1. Introduction

English has become the primary global language of communication due to its widespread use.
It is widely spoken and, as a result, English has begun to establish itself and is used
extensively in various fields, including scientific research, education, business, the internet,
tourism, and media. In addition, English is the fundamental language used in scientific
research articles; within 85% of research publications are written in English. Furthermore, it
is a global language employed for trade and commerce (Akhter, 2021; Rao, 2019).

Regarding the importance of the English language, Akhter (2021) highlighted the interest of
EFL learners in gaining extensive knowledge of English, cooperating in this technological
and skilled world. Consequently, among all four skills, speaking skills are considered a
crucial skill because it occupies a dominant place in the communication process. Speaking
skills are expressive, communicative, and performative. Therefore, EFL students need to
communicate and express thoughts, and this purpose is fulfilled utilizing English, and it is an
essential skill for learners to improve their lives and career opportunities, including
participating in debates and presentations.

However, it has been widely noticed that EFL students face many difficulties in mastering
speaking skills. Al Hosni (2014) conducted a study that demonstrates the issues that students
encounter, including insufficient vocabulary, the consistent use of the mother tongue
language, and the fear of making mistakes. Therefore, these reasons lead to an inhibition of
low participation in classrooms. The study also reported that teachers focus only on grammar
and vocabulary items rather than teaching speaking; even if there is a chance of teaching
speaking, teachers skip it and move on to applying other tasks like reading and writing, which
limits the full use of the language and hinders their English level, because teachers believe
that teaching grammar and vocabulary are enough to help students in speaking. Additionally,
the study stated that students are not provided with external opportunities to practice
speaking, meaning that students’ exposure to language is limited to the classroom only,
which lacks the use of English in authentic situations. This highlights the need to employ
effective strategies and practices that assist students in fostering their speaking skills.
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Recently, Artificial intelligence tools and applications have established themselves strongly
across multiple fields, such as education, science, and business. As a result, Al tools have
been widely used in educational institutions and on language-learning platforms. Dou et al.
(2025). A study by Emma (ed) claimed that Al tools such as ChatGPT, Alexa, and Gemini
provide personalized experiences by analyzing students’ performance and offering immediate
feedback on grammar, vocabulary, and pronunciation. In addition to the creation of a
realistic, simulated environment for practising language skills.

In Libya, EFL teachers often struggle to provide opportunities and a suitable environment for
students to practice speaking English authentically, which hinders students’ fluency and
communicative competence (Abusteen, 2015). This highlights the need for the integration of
Al tools in students’ speaking practice to maintain the development of this skill.

Al voice chatbots might be a solution for overcoming traditional language learning, which is
shaped by learners’ fear of using a language, the lack of opportunities for speaking practice,
and the lack of high-quality feedback (Hoang & Ho, 2024).

According to Hoang & Ho (2024) stated in their study that Al chatbots can handle a diversity
of conversations in a way that adapts to the learner’s level. Making the language acquisition
process an easy and smooth task.

ChatGPT is a type of generative model created by OpenAl that is designed to maintain the
natural use of the language, which is designed to stimulate human conversations and enable a
naturalistic communicative setting. Additionally, it excels in producing human-quality text
and audio (Pratiwi et al., 2024; Poola, 1., & Bozic, V., 2023).

This study seeks to investigate Libyan EFL students’ perceptions and challenges toward
using ChatGPT voice chat to improve their speaking skills and practices, as there has been no
detailed research exploring EFL learners' perspectives on using ChatGPT voice chat as a
practice tool to foster their speaking abilities in Libyan contexts.

1.1 Questions of the study

This study aims to answer the following questions, which were raised by the researcher:

1. What are the perceptions and attitudes of Libyan EFL students toward using ChatGPT
Voice chat to enhance their speaking abilities?

2. What benefits do Libyan EFL students perceive from using ChatGPT voice chat in
speaking practice?

3. What challenges do Libyan EFL students face when using ChatGPT voice chat in
improving their speaking skills?

1.2 Objectives of the study:

1. To investigate Libyan EFL students’ attitudes toward using ChatGPT voice chat for
improving speaking skills.

2. To identify the perceived benefits of using ChatGPT voice chat in speaking practice
among Libyan EFL students.

3. To explore the challenges faced by Libyan EFL students when using ChatGPT voice
chat in speaking practice.
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1.3 Significance of the study

This study provides an exciting opportunity to advance our knowledge of Al tools integration
and their powerful impact on fostering students’ linguistic skills, particularly speaking. So
far, this concept has only been applied to international contexts, such as China and Vietnam.
However, far too little attention has been paid to the Libyan context. Therefore, this study
will provide an insightful overview of the Libyan EFL learners’ perceptions of utilizing
ChatGPT voice chat as a tool for speaking practices. Also, this study may serve as a reference
for any future research concerning this topic.

In addition, the findings of this study may encourage establishing Al voice chat as a practical
tool to foster students’ communicative abilities by providing a natural setting for consuming
the language.

1.4 Problem statement

Speaking skills are one of the most challenging skills to acquire and master in learning a
language, which requires the opportunity to consume and use the language, as the majority of
EFL educational systems, specifically in Libyan contexts, struggle to offer an authentic
classroom environment to practice the language. However, with the emergence of Al tools,
rapid development has led to many appearing, including ChatGPT, an artificial language
model created by Al that represents natural language processing and generates human
responses (Pratiwi, 2024).

Furthermore, this research paper investigates Libyan EFL students' use of ChatGPT voice
chat for speaking practice and aims to establish Al tools as an integrated, practical tool for
speaking practice in classroom settings.

2. Literature review:

Much of the current literature on the utilization of the ChatGPT application pays particular
attention to its use as a tool in enhancing students’ speaking skills. In this literature, the
research will cover the following: Speaking hurdles, the emergence of Al, the use of
ChatGPT in EFL students, and previous studies that examine this concept. Therefore, this
study aims to shine new light on these studies through an examination of ChatGPT voice chat
to improve Libyan EFL students’ speaking skills.

2.1 Speaking skills challenges:

Speaking skill has possessed an important area in language learning due to the requirements
that every EFL student needs, which are presenting topics, expressing thoughts, sharing
perspectives, and conveying information. However, students face some major hurdles in
learning to master this skill. Alaraj (2015) highlighted these particular hurdles in his study,
which include struggling to memorize vocabulary, a lack of authentic exposure to the
language, and dependence on the mother tongue. Therefore, most EFL teachers keep diving
into the cyclone of the grammar translation method in their teaching strategies and restrict
any opportunity for students to practice the language authentically (Al-Hosni, 2014).
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2.2 Artificial intelligence in learning languages:

Language learning applications have been popular among students due to their accessibility and
downloadable software programs. These applications generally include a diverse range of
educational activities that contain grammar and vocabulary enhancement, as well as speaking
practices. Therefore, some language applications provide immediate pronunciation feedback.
Al-Driven software applications employ interactive conversation with a language monitor that
represents a virtual language instructor. Conversely, the virtual language instructor offers
feedback on the learner’s grammar and pronunciation, which is based on the learner’s needs and
goals. As a result, virtual language instructors can improve on and exceed traditional language
teaching methods, allowing students to overcome fears in social contexts. (Saifi, 2024).

2.3 ChatGPT in Education:

ChatGPT is a type of Generative pre-trained transformer, and OpenAl created it. It is
designed to generate human natural responses and activate normal human conversations.
Additionally, it is used in a variety of applications, including Chatbots, virtual assistants,
voice chats, and a language translation tool. Therefore, ChatGPT is an incredible tool that
possesses the power to alter how students interact with technology by offering human
communicative responses. As a result, its utilization in educational institutions may help to
enhance students’ learning and engagement. ChatGPT can be used to create chatbots and
voice chats, and they are led by language virtual instructors, helping students practice their
language skills and simulate real-life conversations. In addition to providing students with
rapid feedback on their grammar, pronunciation, and vocabulary (Bozi¢, n.d).

Learners can access ChatGPT whenever they want, and it is affordable because it eliminates
the need for physical tutors and private courses, especially for EFL learners with limited
budgets. Therefore, ChatGPT’s features can turn the learning process into a highly engaging,
motivating, and private environment. Even learners lacking grammatical accuracy can benefit
from ChatGPT by processing and rephrasing sentence structures correctly. Consequently,
learners will be able to obtain real-time individual feedback and scaffold their competence
and performance by exposing them to the correct linguistic form (Pratiwi, 2024).

However, ChatGPT is not free of limitations and challenges. Bozi¢ (n.d) illustrated in his
study that overreliance on Al tools may simply kill students' creativity and critical thinking,
and make them dependent on learning. The study also reported that using ChatGPT can lead
to a lack of students' social interaction with other people, which occurs face-to-face, and this
might lead to sabotaging their empathy and ability to socialize. The study noted a significant
limitation, which is plagiarism by using ChatGPT to generate written work without proper
attribution of its use. Therefore, it could lead to dishonesty and academic robbery.
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2.4 Previous studies

There have been several longitudinal studies involving the use of ChatGPT that have reported
supporting the quality of students’ oral performance. For example. Askari and Rahim (2024)
investigated the influence of Al chatbots, particularly ChatGPT, on fostering students’ level
of confidence during oral presentations. The study employed a mixed-methods design, and
the quantitative data were collected through pre- and post-oral presentations that contained 46
students from different universities, while qualitative data were gathered through semi-
structured interviews. Therefore, the study found a significant improvement in both
presentation and the
level of confidence, which increased from 2.85 to 3.8. Additionally, the participants stated
that Al tools contributed effectively to reframing their skills through the reduction of anxiety.

Similarly, Chen (2024) analyzed the impact of artificial intelligence on the development of
oral skills of EFL university students in China to gain a full picture of how students perceive
technology use. Moreover, the study employed a qualitative approach by involving semi-
structured interviews with 11 English students. However, the study lacked a quantitative
approach, which is considered an important component for providing reliable results.
Furthermore, the results highlighted that Al tools provide a customized learning environment
compatible with students’ speaking skills. In contrast, the participants showed a variety of
responses. Some appreciated it, while others stated that Al use could weaken the authenticity
of communication. The study involved only females, indicating that it might have hindered
the reliability of the findings. However, the researcher claims that regarding gender
differences may require justifications, as the participants shared a similar EFL background.
Another key point that the researcher did not determine which Al tools were used, resulting
in an obscure methodology. Therefore, the researcher should have considered the type of Al
system that was being used.

In addition, Salsabil et al. (2025) examined the effect of ChatGPT Al, particularly the Voice
Chat feature, on 60 eleventh-grade students. Next, the researchers divided the participants
into an experimental and a control group. The study employed a mixed-methods approach,
and data were collected through pre and post-speaking tests. For the qualitative section, the
researchers conducted semi-structured interviews with 5 participants and analyzed them
thematically. Therefore, the experimental group performed significantly better than the
control group, concluding that ChatGPT voice chat supported their speaking level by
reducing anxiety and avoiding harsh judgments. It helped them to improve their fluency,
grammar awareness, and pronunciation. The study also reported an issue, which is the
instability of the internet connection.

On the other hand, Sa et al. (2025) investigated another Al- powered voice tool, which is
ELSA Speak, supporting pronunciation and updating instructions for EFL learners. The study
used a mixed-methods quasi-experimental design that involved 37 EFL first-year students.
Accordingly, the researchers gathered data by implementing pre- and post- tests, systematic
practice records, and focus group interviews. Consequently, the findings revealed a crucial
connection between frequency and pronunciation, which fostered accuracy and some
phonological features, such as stress and intonation. However, the researchers encountered
technical issues, such as lagging, glitching, and poor recording quality. Additionally,
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the majority of the participants struggled with hindered self-discipline or confidence, and
they hardly benefited from the utilization of
technology. In contrast, the researchers might need to expand the data collection by
conducting interviews with control groups as well to discover how traditional teaching affects
their learning process and how it influences their linguistic improvement.

Instead, Pratiwi et al. (2024) investigated the concerning pedagogical potentials of using
ChatGPT's voice conversation feature in language learning through a systematic literature
review on technology. The researchers addressed Al capabilities and limitations in assessing
pronunciation and capturing contextual differences. Hence, the findings concluded that
technology's role offers instant access and enhances students’ independence. Also, they
highlighted that ChatGPT provides a collaborative, interactive learning environment,
especially for speaking practice. Nevertheless, the study declared that ChatGPT lacks a
genuine understanding which takes into account emotional matters and varying accents, due
to the robotic language that AI tools possess, which might fail in managing real-life
communication. It also lacks the pausing and pitch characteristics of human speech.

2.5 Theoretical framework

This study is governed by the social interactionism theory, which was proposed by Lev
Vygotsky. The theory assumes that human mental mechanisms do not represent a biological
maturation, but are formed through cultural and social interaction. Therefore, Vygotsky
introduced the concept of the Zone of Proximal Development (ZPD), which refers to the
distance between what a student can do independently and what they can do with the
assistance of a more knowledgeable other. Additionally, Vygotsky claimed that effective
teaching occurs by interacting with language users to stimulate linguistic functions and
awareness of accuracy. This study is connected to Vygotsky’s theory, which states that
ChatGPT voice chat provides an interactive setting where students can engage with the
conversation feature, which wuses an Al-powered system within human vocals.
Simultaneously, this system is knowledgeable and skilled, helping students receive
constructive feedback and instructions. (Zavershneva & Der Veer, n.d.).

Despite the growing body of literature on Al-assisted language learning, several gaps remain.
First, many previous studies examined AI tools generally, without concentrating on
ChatGPT’s voice chat features as a communicative and conversational model. Second,
limited research has connected Al- supported practice to a theory, such as Vygotsky’s social
interactionist theory and ZPD. Furthermore, previous research mainly focused on separated
speaking components, such as fluency, pronunciation, and oral presentation, while
insufficient attention has been paid to interactive and communicative competence, as well as
real-timecommunication.Additionally,

several methodological limitations were discovered, involving small sample sizes, a lack of
mixed-method designs, and vague descriptions of Al tools used. Another gap has been
highlighted, which is the geographical gap, meaning that the previous studies were taking
place in international countries, and there is limited detailed research in the Libyan context.
Finally, there are limited gaps in investigating the role of ChatGPT’s voice chat in fostering
EFL students’ communicative competence within a social interactionist framework. Shortly,
this study will investigate the perceptions and challenges that Libyan EFL students face when
using ChatGPT voice chat as a practical tool to foster their speaking capabilities.
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4. Methodology
4.1. Introduction

The research employed a mixed-methods design that covers qualitative and quantitative
approaches to gather a full, comprehensive image and in-depth information on the research
problem. Moreover, the study adopted a survey design. A survey was used to explore EFL
students’ attitudes and identify challenges that students struggle with by involving open and
closed-ended questions, allowing the research to obtain a wide picture of students’
perceptions and express their thoughts freely.

3.2. Participants and sampling type

The study was conducted in two faculties located at the University of Tripoli, which are the
Languages and Arts and the Faculty of Education, Qaser Ben Gasher, English Department.
Therefore, they study targeted EFL students, particularly undergraduate and postgraduate
students. The sample type of this study is purposive sampling, which covers samples within
specific criteria that the researcher relies on. The total population is 32 EFL students (30
females and 2 males).

3.4. Data collection and analysis tools

This study collected data through a Google Form questionnaire (Likert scale format), which
was distributed online to both faculties’ official groups on Facebook and Telegram platforms.
The questionnaire covered personal information such as gender and academic level. Also, it
included attitudes toward Al voice chat, the benefits of ChatGPT voice chat, and the
challenges of Al voice chat. Moreover, the data were analyzed by the Google Form system
automatically; open-ended questions were analyzed descriptively, while closed-ended
questions were analyzed thematically.

3.5. Ethical consideration

Participation in this study was completely voluntary. The participants were informed about
the guidelines and the purposes of this research. The researcher kept their identities
anonymous and obtained their permission.

5. Results

In this chapter, the researcher will present the findings based on the data analysis of
participants’ responses in two sections: quantitative and qualitative.
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Section one: Quantitative: Chart 4.1: Background information Gender

Chart 4.1 indicates the total number of participants, which is 32 responses, consisting of 30
females and 2 males.
Chart
4.2:

Gender
32 responses

® male
@® Female

93.8%

Academic level

Chart 4.2 demonstrates the academic level of the participants, since they are EFL students ranging from
undergraduate to postgraduate levels. The chart determines which year they are in. Therefore, 78% of the
respondents are graduates, meaning from undergraduate programs. While 12.5% are in the second year.
Finally, 9.4% are in the first year.

Chart 4.3:
Academic level
32 responses
@ 1styear
® 2nd year
@ 3rd year
@ 4th year

@ Graduate
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ChatGPT’s use

Have you ever used Chatgpt voice chat for speaking practice?

32 responses

® Ves
® \o

Chart 4.3 illustrates participants' use of ChatGPT’s voice chat during speaking practice.
Moreover, 90.6% of respondents reported using ChatGPT to practice their speaking skills,
while 9.4% reported never using it.

Table 4.3: Student Perceptions on Core Skills and Practice Habits (Items
1-6)

Item Survey Statement Strongly Disagree | Neutral  Agree  Strongly

Disagree Agree

1 Al ChatGPT voice chat 0.00% 9.68% 22.58%  45.16%  22.58%
helps improve speaking

skills
2 Practice speaking 0.00% 3.23% 3871%  3548%  22.58%
regularly
3 Improve pronunciation 3.23% 12.90% 19.35%  38.71% 25.81%
4 Improve fluency 0.00% 16.13% 29.03%  35.48% 19.35%
5 Increase vocabulary 0.00% 12.90% 22.58%  45.16% 19.35%
6 Increase confidence 0.00% 6.45% 32.26%  35.48%  25.81%
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Table 4.3 shows that 45% of participants agreed that AI-Voice chat helped them improve
their speaking skills. In addition to improving other speaking components such as
pronunciation, fluency, and vocabulary. Also, it assists them in levelling up their self-esteem
within 35% agreements.

Table 4.4: Affective and Communication Influences of AI ChatGPT’s Voice Chat Usage
(Items 7-10)

Item Survey Statement Strongly Disagree Neutral Agree  Strongly
Disagree Agree
7 Reduce fear of mistakes 0.00% 16.13%  32.26%  35.48% 16.13%
8 Help communication 3.23% 6.45% 25.81%  32.26%  32.26%
9 Comfort using Al 3.23% 6.45% 9.68% 45.16%  35.48%
10  Express ideas clearly 6.45% 6.45% 12.90%  45.16%  29.03%

Table 4.4 clarifies the affective state of the participants when they use ChatGPT voice chat.
Therefore, 35% of the respondents agreed that Voice chatting with ChatGPT helped them
reduce mistakes, and 32% reported that it supported their communication. Additionally, 35%
declared that using Al for speaking practice provides comfort and also eases their expression
of ideas.

Table 4.5: Perceived Interactivity, Engagement, and Holistic Performance Outcomes
(Items 11-15)

Strongly Disagree
Disagree

Strongly
Agree

Item Neutral Agree

Survey Statement

11 Provide useful feedback 3.23% 6.45% 38.71%  29.03%  22.58%

12 Practice anytime 3.23% 3.23% 16.13%  48.39%  29.03%

13 Simulate real-life 3.23% 6.45% 41.94%  25.81%  22.58%
conversations

14 Make learning interesting 3.23% 3.23% 22.58%  48.39%  22.58%

15 Improve overall speaking 3.23% 6.45% 25.81%  41.94%  22.58%

performance
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Table 4.5 explains the outcomes that participants obtained from using ChatGPT voice chat.
29% of the respondents agreed that Al-voice chat provides instant feedback, and 48% showed
agreement that ChatGPT’s voice chat offers a free-time practice. 48% stated that it made their
learning interesting, and 41% reported that Voice chat features enhanced their oral
performance.

Table 4.6: Thematic Coding of Open-Ended Responses (Challenges and Benefits)

Category Identified Theme Operational Description

Perceived Challenges Technical Issues Disrupted connectivity or constraints
regarding voice chat accuracy

Lack of Realism Interactions failing to closely mirror
authentic human exchanges

Limited Feedback Evaluation and responses are lacking the
necessary depth or detail.

Language Barriers to understanding complex or
Difficulty structured Al outputs

Perceived Benefits Confidence Reduction in shyness; elevated comfort
Building during spoken tasks
Practice Freedom On-demand access to practice sessions

without risk of embarrassment

Fluency Growth in natural and frequent production
Improvement of the target language

Safe Environment ~ Total mitigation of negative evaluation or
judgment for errors

Table 4.6 clarifies open-ended questions in which analyzed thematically. Consequently, the
participants reported some challenges they encountered while using ChatGPT’s
conversational

tool, including technical issues such as low-quality internet connections, a lack of human-
authentic interactions, limited feedback, and language difficulty. However, the participants
also reported the benefits they received from using ChatGPT’s voice chat. They responded by
saying that voice chat helped them to increase their confidence and allowed them to practice
language freely without any restrictions. In addition, they clarified that Voice Chatting also
improves their fluency and prevents offering harsh judgments and negative talk about their
performance.
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6. Discussion

This section synthesizes the quantitative and qualitative results of the current study with
existing empirical literature, while explicitly addressing established theoretical,
methodological, and geographical gaps.

The findings demonstrated a positive shift in students’ psychological comfort. Therefore,
quantitative data show that 35% agreed that Al voice chat enhanced their speaking
confidence, while 35% felt it reduced their fear of making mistakes. This matches the
qualitative themes where students reported confidence-building and a safe environment as
core benefits. Consequently, these outcomes align with Askari and Rahim (2024), who
reported a significant improvement in students’ oral presentation confidence from 2.85 to 3.8.
In addition to anxiety reduction. Similarly, the results agreed with Salsabil et al. (2025), who
found that ChatGPT’s voice chat isolated students from harsh judgments. Conversely, this
stands against Sa et al. (2025), where EFL students practising pronunciation with ELSA
speak struggled with confidence and gained minimal benefit. However, beyond affective
alterations, the data reflect explicitly on the growth of linguistic sub-skills, with 38% of
respondents reporting fostered pronunciation. 35% achieved higher fluency, and 45%
increased their vocabulary. Additionally, 29% acknowledged receiving useful feedback from
AL

A key point emerged regarding interactional authenticity: the students noted that ChatGPT
supported general communication and that they felt comfortable using it. However, their
study also highlighted that students experience a lack of effective human or real-life
communication. This supports Chen’s (2024) qualitative study of Chinese EFL students, in
which participants expressed concern that relying on Al weakens the autonomy of
communication. This limitation is theoretically explained by Pratiwi et al. (2024), who
observed that despite its interactive features, ChatGPT lacks genuine understanding and fails
to capture emotional human images.

The practical implementation of Al is heavily influenced by technical issues, such as unstable
internet and ChatGPT errors, which are major hurdles. These barriers are flagged by Salsabil
et al (2025) and the glitching and the poor audio recording by Sa et al. (2025).

5.1. Limitations of the study

The study was limited to small sample sizes, which may influence the generalizability of the
findings. Additionally, the study also lacks an empirical approach due to the matter of
insufficient time that the researcher struggles with. Therefore, the researcher employed a
survey to collect the data.

6. Conclusion

This study explored University Tripoli EFL students’ attitudes and perceptions toward using
ChatGPT’s voice chat feature as a tool for speaking practice. The findings of the study
revealed that ChatGPT assists students’ speaking improvement, particularly in fluency,
pronunciation, and vocabulary. Additionally, it positively increases their self-image by
avoiding harsh judgments and negative talk, another key point, which is offering instant
feedback. Therefore, students demonstrated a positive attitude toward Al voice chat features.
However, the participants face several hurdles, such as technical issues relating to the
instability of the internet connection and the lack of human communication. Therefore, the
study highlighted the importance of integrating Al tools like ChatGPT within the educational
process, especially in teaching and learning languages, as a practical tool where students can
use them to practice and use the language effectively and freely due to their accessibility and
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flexibility in providing a learning environment and constructive feedback to EFL students.
Despite the findings, several limitations should be acknowledged. First, the sample size was
relatively small, which may limit the generalizability of the results. Second, due to the lack of
empirical experiments, the researcher relied only on surveys as a data collection tool, which
might hinder the reliability of the findings.

Further studies are encouraged to investigate the impact of Al voice chat tools, such as
ChatGPT, empirically to examine their impact on EFL students’ speaking skills within a
bigger sample size to ensure that the findings are reliable and generalizable.
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Abstract

The X oil field in Libya's Sirte Basin, with proven reserves exceeding 5 billion barrels in the
basin, is experiencing a significant production decline due to insufficient natural aquifer
support. This study presents an integrated reservoir simulation and economic optimization
approach to revitalize this mature asset. Using the ECLIPSE 100 simulator, we developed a
dynamic 3D black-oil model that accurately captured the field's weak aquifer drive through
rigorous history matching (1999—present). The model evaluated multiple development
scenarios, including hydraulic fracturing and infill drilling with vertical and horizontal wells.
Results indicate that horizontal infill drilling in the structurally advantageous northern sector
provided the best single-technique recovery (13.40%, 28.54 MMSTB). However, an
integrated strategy combining northern horizontal wells with southern vertical exploratory
drilling achieved superior outcomes: recovery factor of 17.65% and cumulative production of
37.60 MMSTB—a six-fold increase over the base "do-nothing" case (2.81%, 5.98 MMSTB).
Economic evaluation, including detailed net present value (NPV) and sensitivity analysis,
confirmed the financial viability of this optimal approach, generating an NPV of $671.84
million and a net cash flow of $2,294.63 million at a 10% discount rate. Sensitivity analysis
demonstrated resilience to oil price fluctuations and discount rate variations. This study
demonstrates that data-driven integrated modeling can unlock
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substantial unrealized potential in mature fields, providing a replicable framework for similar
assets in the Sirte Basin and analogous carbonate reservoirs worldwide.

Keywords: Mature field redevelopment, Reservoir simulation, Horizontal infill drilling,
Economic optimization, Sirte Basin, Weak aquifer drive
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INTRODUCTION

The global energy landscape remains heavily reliant on hydrocarbon resources, with mature
oil fields accounting for approximately 70% of the world's current production [1, 2]. Efficient
reservoir development and management are critical to maximizing hydrocarbon recovery and
ensuring the economic viability of these assets. Libya's Sirte Basin, containing proven
reserves exceeding 5 billion barrels [3], represents a significant component of global
hydrocarbon resources. However, many fields in this basin, including the X Field, face
declining production due to natural depletion and insufficient aquifer support, highlighting
the urgent need for optimized redevelopment strategies.

Reservoir management has evolved significantly with advancements in modeling capabilities
[4]. Key themes relevant to this study include: 1) Integrated reservoir characterization,
combining static geological data with dynamic production information [5]; 2) Reservoir
simulation fundamentals, where numerical models predict reservoir behavior under various
scenarios [6]; 3) Advanced drilling technologies, including horizontal and multilateral wells
that improve reservoir contact and drainage efficiency [7]; 4) Enhanced oil recovery methods,
ranging from infill drilling to more complex chemical and thermal processes [8]; and 5)
Economic evaluation frameworks that assess project viability through metrics like net present
value (NPV) and internal rate of return (IRR) [9].

The X Field, discovered in 1961 but only producing since 1999, currently yields
approximately 500 barrels per day from five wells, with recovery estimated at only 2.81% of
original oil in place. This underperformance, coupled with the basin's substantial remaining
potential, makes it an ideal candidate for comprehensive redevelopment planning.

While previous studies have addressed geological aspects of Sirte Basin reservoirs [10], few
have presented integrated simulation-economic workflows tailored specifically to mature
fields with weak aquifer support. Asheibi and Shams [11] examined reservoir geometry and
depositional architecture but did not incorporate dynamic simulation or economic
optimization. Recent advances in reservoir simulation [12, 13] and drilling technology [14]
provide new opportunities for revitalizing such mature assets.

This study addresses this gap by developing a full-field dynamic model to evaluate multiple
development scenarios for X Field, including base depletion, infill drilling (vertical and
horizontal), hydraulic fracturing, and combined strategies. Each scenario is assessed through
both technical metrics (recovery factor, cumulative production) and economic indicators
(NPV, payout time). The novelty of this work lies in its integrated approach—combining
detailed geological modeling, rigorous history matching, multi-scenario forecasting, and
comprehensive economic analysis specifically designed for weak-aquifer-driven mature
fields. Additionally, we contextualize this hydrocarbon-focused study within the broader
energy transition, noting the growing importance of alternative energy materials while
addressing the immediate practical need to optimize existing petroleum assets.
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The primary objectives are: (1) to develop a reliable dynamic model through rigorous history
matching; (2) to evaluate various development scenarios both technically and economically;
(3) to identify the optimal strategy for maximizing recovery while ensuring profitability; and
(4) to provide a replicable framework for similar mature fields. The following sections detail
the methodology, results, and implications of this comprehensive study.

1. METHODOLOGY

2. 2.1 Data Acquisition and Model Setup

The dataset for this study was provided by Mabruk Oil Company (MOC), comprising
comprehensive geological and engineering information required for reservoir modeling and
simulation. The data structure and simulation workflow were initially validated to ensure
consistency and reliability. Data components included:

o Well Logs: Complete wireline logs from all five wells (gamma-ray, neutron,
resistivity, density) used for petrophysical analysis to determine porosity, water
saturation, and net pay.

e Core Data: Laboratory measurements from two wells providing precise porosity,
permeability, and rock-type data for log calibration and rock typing.

e Technical Reports: Internal documents detailing geological context, production
history, and previous reservoir studies.

e Production Data: Historical records (1999—present) of oil, gas, and water rates, along
with flowing and static bottom-hole pressures for history matching.

e Seismic Data: 3D seismic volumes used to interpret key horizons, faults, and
structural framework.

The simulation grid was constructed with dimensions 50 x 60 x 15 layers, with cell sizes
ranging from 50x50 m to 100100 m horizontally and 1-5 m vertically, based on flow unit
delineation. Porosity was upscaled using arithmetic averaging, while permeability employed
harmonic averaging to preserve flow characteristics.
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Fig 2. Methodology workflow

2.2 Model Construction and History Matching

Reservoir simulation was performed using the ECLIPSE 100 Black-Oil simulator. The static
geological model, integrating seismic interpretation, well logs, and core data, was converted
to a dynamic simulation grid with defined rock properties and fluid interactions.

Aquifer Modeling: A Carter-Tracy analytical aquifer was attached to the reservoir model,
with parameters calibrated to match observed pressure decline. Aquifer size was estimated at
3x reservoir volume with moderate connectivity based on material balance analysis.
Sensitivity analysis showed that recovery factors vary by +15% with aquifer strength
changes.

History Matching: The dynamic model was calibrated using production data from 1999 to
present. Key parameters adjusted included permeability distribution (via multiplier fields),
relative permeability curves, and aquifer strength. Match quality was quantified using
normalized root mean square error (NRMSE), achieving values below 5% for oil rates and
8% for bottom-hole pressures. The successful history match (Fig. 2) validated the model's
predictive capability for scenario forecasting.
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Equations: The model solved standard black-oil equations:

=
ot

k kf‘(}
Ha

(¢paSa) =V-. (pa V(pa) t qa

Where:

» o« — phase (oil, water, or gas)

« ¢ — porosity

* po — phase density

« S, — phase saturation

« k — absolute permeability

» k.o, — relative permeability of the phase

* [, — phase viscosity

« &, — phase potential (typically @, = pa + pagz)
* g, — source/sink term (well terms)

2.3 Development Scenarios

The base case ("do-nothing") projected field performance under current operations. Multiple
development scenarios were then simulated over a 34-year forecast period (to 2060):
1. Infill Drilling:
o Case 1-1: Vertical infill drilling (4 new wells)
o Case 1-2: Horizontal infill drilling (3 new wells, 1000-1500 ft laterals)
o Case 1-3: Combined vertical and horizontal drilling
2. Stimulation:
o Case 2-1: Hydraulic fracturing in existing wells (modeled with local grid
refinement, 150 ft half-length, 3000 md-ft conductivity)
3. Exploration & Development:
o Case 3-1: Southern area vertical development (2 exploratory wells)
4. Integrated Optimum Case:
o Combined Case 1-2 (northern horizontal) and Case 3-1 (southern vertical)
Well placements were geologically justified based on structural position, facies distribution,
and distance to oil-water contact (Fig. 5). Operational constraints included minimum bottom-
hole pressure (1500 psi) and maximum water cut (95%).

2.4 Economic Evaluation
Economic viability was assessed using standard petroleum economics. Key assumptions:
e Oil price: Base case $60/bbl, with sensitivity at $40, $60, $80/bbl
o Discount rates: 5%, 10%, 15%, 20%, 25%
e CAPEX: Drilling ($5M vertical, $8M horizontal), completion ($2M), fracturing
($1.5M per well)
o OPEX: $15/bbl fixed, $5/bbl variable
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Economic metrics calculated:

e Net Present Value (NPV): Discounted cash flows

e Net Cash Flow (NCF): Undiscounted cash flows

e Cumulative Free Cash Flow (CFCF): Cumulative undiscounted cash flow

o Profitability Index Ratio (PIR): NPV per unit investment

e Maximum Exposure: Peak negative cash flow

o Payout Time (POT): Time to recover initial investment
Sensitivity analysis examined the impact of oil price and discount rate variations on NPV,
with tornado charts quantifying parameter influence (Figs. 16-17).

RESULTS AND DISCUSSION

The outcomes of the simulation show a clear comparison of the technical and economic
performance of the various development options vs the baseline. The analysis is designed so
that each scenario's technical outcomes are presented first, followed by a full explanation of
the economic assessment.

3.1 Technical Performance

Base Case: The "do-nothing" scenario yielded only 2.81% recovery (5.98 MMSTB),
confirming rapid decline due to weak aquifer support and demonstrating the urgent need for
intervention.

Infill Drilling Scenarios:

e Case 1-1 (Vertical): 10.46% recovery, 22.28 MMSTB. Improved drainage but
limited by water coning and localized sweep.

o Case 1-2 (Horizontal): 13.40% recovery, 28.54 MMSTB. Superior sweep efficiency
and delayed water breakthrough due to increased reservoir contact.

e Case 1-3 (Combined): 12.27% recovery, 26.15 MMSTB. Incremental gain over
vertical-only, but less efficient than horizontal-only configuration.

Stimulation and Exploration:

o Case 2-1 (Hydraulic Fracturing): 12.24% recovery, 26.06 MMSTB. Short-term
productivity boost, but limited long-term recovery enhancement compared to new
drainage points.

e Case 3-1 (Southern Vertical Development): 12.24% recovery, 26.06 MMSTB.
Confirmed southern potential but dependent on local reservoir quality variations.

Optimal Integrated Case: Combining northern horizontal infill drilling with southern
vertical development achieved 17.65% recovery (37.60 MMSTB)—a six-fold improvement
over base case. This strategy effectively drained both structurally high northern areas (via
horizontal wells) and previously untapped southern volumes (via vertical wells), representing
the most comprehensive reservoir management approach.

Technical Feasibility: All proposed scenarios are operationally feasible given current
industry capabilities in the Sirte Basin. Horizontal drilling and hydraulic fracturing are
established technologies in the region, though the optimal case requires careful sequencing
and simultaneous operations management. The geological rationale for well placement is
supported by structural maps showing higher permeability channels in the northern sector
oriented parallel to proposed horizontal well trajectories.

Aquifer Sensitivity: Recovery factors varied by £15% with aquifer strength changes,
highlighting the importance of this parameter in forecasting. However, even with pessimistic
aquifer assumptions, the optimal case consistently outperformed all alternatives.
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Figures 3-14 illustrate the field's performance across all scenarios, showing cumulative
production, production rates, and pressure dynamics. The production profiles demonstrate
clear differentiation between strategies, with horizontal wells showing higher initial rates and
more sustained production (Figs. 7-8).
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3.2Economic Evaluation

¢ Economic Performance at Base Conditions ($60/bbl, 10% discount):

The economic analysis revealed substantial differences between scenarios (Table 1):

Table 1: Economic Indicators for All Scenarios ($60/bbl, 10% discount rate

Profit Indicators Base Case 1- | Case1- | Case 1- | Case 2- | Case 3-
Case 1 2 3 1 1

CFCF ($MM) 34149 | 1194.51 | 1633.67 | 1480.95 | 1446.78 | 816.32

NPV ($MM) 97.87 314.46 496.07 407.36 412.17 197.65

Max Exposure

(SMM) 10.59 40.04 59.51 50.02 52.68 27.89

PIR ($/%) 9.24 26.656 47.014 34.194 27.395 29.37

eOptimal Case Performance:
The integrated optimal case generated:

e Cumulative Free Cash Flow (CFCF): $2,294.63 MM
e NPV @10%: $671.84 MM

e Maximum Exposure: $85.23 MM

e Payout Time: 4.2 years

eSensitivity Analysis:
A comprehensive sensitivity analysis assessed the optimal development plan's resilience to
market volatility (Table 2):
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Table 2: NPV Sensitivity to Oil Price and Discount Rate for Optimal Case

(SMM)
oil NPV @ NPV @ NPV @ NPV @ NPV @
Price 5% 10% 15% 20% 25% (SMM)

($/bbl) (SMM) (SMM) (SMM) (SMM)
10 67.08 19.68 -0.58 -10.39 -15.54
20 278.85 150.11 90.92 59.33 40.54
40 702.39 410.97 273.91 198.77 152.69
60 1125.93 671.84 465.91 33821 264.85
80 1549.47 932.70 639.90 477.66 377

Key findings from sensitivity analysis:
e Qil price variation ($40-$80/bbl) caused NPV changes of +40%
e Discount rate variation (5-25%) resulted in NPV reductions up to 75%
e Break-even oil price at 25% discount: $12.77/bbl
e Ata $10/bbl oil price, the rate of return (ROR) is 14.97%
3. CONCLUSIONS

This study developed and applied an integrated reservoir simulation-economic workflow to
optimize development of the mature X Field in Libya's Sirte Basin. The comprehensive
analysis leads to the following conclusions:

1. Integrated Modeling Value: The combined geological, dynamic, and economic approach
successfully identified optimal development strategies that balance technical recovery with
financial returns, providing a replicable framework for similar mature fields.

2. Base Case Limitations: Without intervention, the field would recover only 2.81% of the
original oil in place due to weak aquifer support, confirming the critical need for
redevelopment planning.

3. Technical Superiority of Horizontal Wells: Horizontal infill drilling in the northern sector
provided the best single-technique recovery (13.40%), outperforming vertical wells (10.46%)
and hydraulic fracturing (12.24%) due to improved reservoir contact and sweep efficiency.

4. Optimal Integrated Strategy: Combining northern horizontal development with southern
vertical exploratory drilling achieved maximum recovery (17.65%, 37.60 MMSTB) through
comprehensive reservoir drainage, representing a six-fold improvement over the base case.

5. Economic Viability: The optimal strategy generates an NPV of $671.84 million at 10%
discount rate, demonstrating strong profitability with a payout time of 4.2 years and an
acceptable risk profile.
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6. Resilience to Market Conditions: Sensitivity analysis confirms the plan's robustness across
a range of oil prices (break-even at $12.77/bbl for 25% discount rate) and discount rates,
indicating strong economic resilience.

8-RECOMMENDATION

Immediate implementation of the integrated development strategy is recommended to realize
the field's substantial untapped potential. Further data acquisition, particularly pressure
transient analysis and updated seismic, would reduce uncertainties and potentially identify
additional opportunities. This workflow provides a replicable template for similar mature
fields in the Sirte Basin and analogous settings worldwide, contributing to more sustainable
hydrocarbon recovery during the energy transition.
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MMSTB = Million Stock Tank Barrels
NPV = Net Present Value
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CFCF = Cumulative Free Cash Flow
B/D = Barrels Per Day
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POT = Payout Time

MOC = Mabruk Oil Company

EOR = Enhanced Oil Recovery

PIR = Profitability Index Ratio
CAPEX = Capital Expenditures
OPEX = Operating Expenses

TVO = Temporal Value of Money
IRR = Internal Rate of Return

ROR = Rate of Return References
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Abstract:

The rapid digital transformation in education has introduced new challenges to academic
integrity during examinations. Traditional monitoring that relies solely on human supervision
is no longer sufficient due to the large number of students and increasingly sophisticated
cheating methods. This study aims to develop an integrated real-time cheating detection
system based on computer vision and deep learning. The system combines object detection
(YOLOV11), pose estimation (Media Pipe), head orientation analysis using the Perspective-n-
Point algorithm, and (Ghostface Net) for facial recognition.

The system processes live video streams to identify suspicious behaviors such as looking
away, hand proximity to the face, and interaction with unauthorized objects like mobile
phones and books. A multi-component suspicion scoring mechanism assigns relative weights:
head orientation (75%), hand proximity to the face (15%), and hand-object interaction (10%),
producing a unified suspicion score. The system sustains real-time operation (16.98 FPS),
ensuring smooth display and immediate responsiveness through a Flask-based interface,
while reducing false alarms via temporal smoothing with Exponential Moving Average
(EMA) and a deduplication mechanism.

Furthermore, the system adheres to privacy standards by storing only suspicious frames and
automatically deleting data to safeguard student information. This work represents a practical
and academic contribution to strengthening academic integrity and reducing human errors in
exam monitoring.

Keywords: Cheating detection, Computer vision, YOLOv11, Media Pipe, Real-time system,
Academic integrity.



Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 51-77

: paldiva)

R P R B PR  WONESC 3 PN RN PR I P YO g 1 [ PG RERN IRV
Gisd) allads GO 5,0 Slae) G 3IS gyl Caly 2y o dadh aaies Al Al 48]
L5 Ao ey Radall Ga3d) A el pe Cadsll dalSie allas jpdas ) ) s Cagy L5)sdadll
(Media lhaagll i ¢ (YOLOVIT)alual) o€ il ol many « Gaasll alailly dusulal
(Ghostface Net) a.us; [Perspective-n—Point i) sa alasials byl ala) Jlas «Pipe)
gl Ao ol

sl G 2l )8 i B Jhe dagsediall GLSslal) aaanl H i) gl o dadlea oLl a2
Badatie LAl Aa o Gl A1 aaind L i€lg Al ganall Catlsgll Jia Lgy o pumal) ot 2led) aa Jelilly
Lt ae 2 Jeliig ((%15) amgll e 2l €8 ((%T5) byl slatl s Gl (Ao lis<al)
Bange el dayy 2 Y (%10)

oyl Ll e (4t W) 16.98) aaall ol (8 dsndall aeay Ul Jass pUaill Gasag
ol paatill e AOKN DAY JS ae (Flask aladiul §)sdas damay dgaly e do)e dilatily
bl ally) &l (EMA) Jasdll ) 3l dacigia pladiuly

SEE Caia ae Tad Aasuiiall SHULY) 585 Led o0 Al yie Areageadd) yulew alkill o5uh LS
LaanlSY) Aol it 8 AielSly dilee daalose Jaall 138 Jiay LUl cilaglas Gl lasal culilull
CHLEAY) Adlye 8 Ayal UadY) (i

(shiall a3l b ol (Media Pipe <YOLOVIT chpgulall 4050 ¢ ial) i€ s dalial) cilalsl)
a8y da)3al)

1. Introduction

Academic integrity is the cornerstone of higher education quality and the credibility of
scientific assessments. With the accelerated shift toward digital and blended learning,
significant challenges have emerged in securing examinations against increasingly
sophisticated cheating practices. Traditional proctoring that depends solely on human
supervision is no longer sufficient due to large student numbers, limited field of view, and
human errors caused by fatigue or distraction (Abdulkarim, Kuliya & Adam, 2025). To
address these challenges, recent research
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has demonstrated the potential of computer vision and deep learning to automate exam
monitoring and analyze human behavior in real time (Abdulkarim et al., 2025). Building on
this foundation, this study presents the development of an advanced system that integrates
object detection, pose estimation, head orientation analysis, and face recognition within a
unified pipeline. The main contribution is a weighted multi-component suspicion scoring
mechanism combined with temporal smoothing and alert deduplication, which reduces false
positives while maintaining high detection sensitivity. Privacy is preserved by storing only
flagged frames and deleting them automatically after a defined retention period.

1.1. Research Objectives

To design and implement a real-time cheating detection system using computer
vision and deep learning.

To integrate object detection (YOLOVI1), pose estimation (Media Pipe), head
orientation analysis (PnP), and hybrid face recognition (Ghostface Net) into a single
unified pipeline.

To develop a weighted multicomponent suspicion scoring algorithm (head 75%, hand
to face 15%, hand to object 10%) with temporal smoothing modified (EMA).

To reduce false positives through a smart alert deduplication mechanism.

To enforce privacy by storing only flagged frames and deleting them automatically
after seven days.

To evaluate the system’s accuracy, latency, and resource consumption on standard
hardware.

1.2. Research Questions

This research seeks to answer the following scientific questions:

1.

To what extent can deep neural network models (e.g., YOLOvI11 and Media Pipe)
detect suspicious behaviors with accuracy comparable to or exceeding human
proctoring?

How can head pose estimation algorithms be integrated with object detection to create
a comprehensive and reliable behavioral evaluation model?

What is the technical impact of temporal smoothing techniques in reducing error rates
and improving system stability in exam environments with varying lighting and
density conditions?

How can the strict requirements of exam monitoring be balanced with the need to
protect student data privacy and ensure digital security?
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2 . Related work

The detection of cheating behaviors during examinations has become a critical research
area due to the increasing digitisation of education and the growing sophistication of
cheating methods. Traditional proctoring that depends solely on human supervision has
proven inadequate, being constrained by limited visual coverage, fatigue, and the inability
to monitor many students simultaneously.

In recent years, research has increasingly shifted toward automated systems based on
computer vision and deep learning (e.g., Imah et al., 2025). Hu et al. (2024) proposed a
multi-perspective adaptive detection system using SwinTransformer and lightweight
YOLOVS5-CA, designed to eliminate blind zones by employing three cameras per student
that switch detection models based on gaze direction. While the system achieved 35 FPS
and 95% behavioral accuracy, its requirement for three cameras per student makes it
hardware-intensive and impractical for large-scale deployment. Similarly, Zuo et al.
(2024) developed an improved YOLOv8 model with Efficient Channel Attention (ECA)
enabling recognition of subtle cues such as passing notes or hidden devices, achieving 27
FPS and 85.67% mAP50. However, their approach suffered from higher false positive
rates compared to hierarchical models.

Several studies have addressed the challenge of subtle behavior recognition. Xu et al.
(2025) introduced a hierarchical pipeline combining frame differencing with
MLP-YOLOV8-SENetV2 and ResNet, achieving 45 FPS and 96% mAP50 by filtering
redundant frames before deep analysis. Despite its efficiency, the system remained
sensitive to extreme lighting and heavy occlusion. Adhikari (2024) focused on identity
verification by integrating YOLO with face recognition models, achieving 89% accuracy
and 91% precision, but with a recall of only 83%, indicating that many cheating events
were missed.

More recent work has moved toward multi-modal architectures that combine object
detection with behavioral analysis. Abdulkarim et al. (2025) fused a fine-tuned YOLOVS
detector for prohibited objects with an Open Pose-based pose estimation pipeline, using a
rule-based decision module to generate real-time alerts, and reported a precision of 0.92, a
recall of 0.88, and an average latency of 35 ms per frame. Nevertheless, their rule-based
fusion yields binary alerts rather than a graduated measure of suspicion, and the reported
recall indicates that roughly one in eight cheating events was still missed. Shiddiq and
Kurniasih  (2025) instead prioritised computational efficiency, replacing the
CSPDarknet53 backbone of YOLOvVS with Mobile One to reach 98.1% accuracy while
reducing computational complexity for resource-constrained deployment; however, their
pipeline relies exclusively on object detection and therefore cannot capture behavioral
cues, such as sustained head rotation, that occur without a visible prohibited object. Imah
et al. (2025) developed a smart CCTV monitoring system based on deep transfer learning
that issues alert for suspicious actions including consulting notes, talking to peers, and
using mobile phones, yet the system classifies discrete action categories rather than
producing a continuous, weighted suspicion measure, and no explicit temporal smoothing
is reported to suppress alerts arising from brief, incidental movements.
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Despite these advances, most existing systems share several common limitations. First,
they rely on binary classification, deciding whether a frame or clip is "cheating" or
"normal". This approach often produces high false positive rates because a single
momentary movement can trigger an alert. Second, few systems address temporal noise
caused by natural jitter in human movement, leading to unstable detections. Third, the
majority ignore privacy concerns by storing complete video footage indefinitely, raising
ethical and regulatory issues under frameworks such as GDPR. Fourth, most
implementations still use older architectures such as YOLOv5 or YOLOvVS, with limited
exploration of the latest algorithmic improvements (Shiddiq & Kurniasih, 2025;
Abdulkarim et al., 2025).

A notable advancement that addresses these gaps is the weighted multi-component
scoring approach adopted in the present study. Unlike binary systems, our work
introduces a nuanced suspicion score that combines head orientation (75%), hand-face
proximity (15%), and hand-object interaction (10%), allowing proctors to see not just an
alert but a graduated degree of concern. Temporal smoothing using Exponential Moving
Average (EMA) together with a deduplication mechanism reduces false positives caused
by transient movements. Privacy is enforced through selective storage of only flagged
frames with automatic deletion after seven days. Moreover, our system integrates
YOLOvI11, the most recent iteration of the YOLO architecture, providing state-of-the-art
detection efficiency. Experimental results show that this configuration achieves precision,
recall, and F1 score of 1.0 on a curated evaluation set with real-time performance (16.98
FPS) and median latency of 39.54 ms on standard hardware (NVIDIA RTX 3070).
Building on these innovations, the present study demonstrates that a carefully tuned
weighted scoring system with temporal smoothing and privacy-aware data handling can
overcome the key limitations of existing exam proctoring solutions.

3. Methodology & Implementation

The system is engineered as a real-time video processing pipeline. A single camera,
operating at 720p and 30 frames per second, continuously feeds frames into a sequence
of detection and analysis modules. The system computes a suspicion score and, upon
exceeding a predefined threshold, generates an alert accompanied by a rationale and
supporting evidence. Figure 1 illustrates the high-level architecture of the overall frame
flow throughout a detection session.
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Figure 1: High level System Architecture Flowchart illustrating the data transfer from the camera to the
evaluation algorithm.
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3.1. System modules

To achieve robust and real-time detection of examination irregularities, the proposed
framework is structured into a comprehensive modular pipeline. Each component handles a
distinct stage of spatial perception, temporal analysis, tracking, behavioral scoring, and
secure data handling. This architecture integrates state-of-the-art computer vision models—
ranging from efficient object detection and pose estimation to optimized face recognition—
alongside robust tracking, temporal smoothing, and privacy-first evidence preservation
mechanisms to ensure both high accuracy and ethical compliance. Below is a detailed
overview of the core modules comprising the system:

3.1.1. Object detection (YOLOv11-Large)

+ e,

@ swarTinvioiLator

© 190ms (SFPS)
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Phone usage detected
% 2
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91 ] ]

o

Figure 2: Example of object detection using YOLOvV11, showing the identification of a mobile phone and
a book with bounding boxes.
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The video data were recorded in real time in an examination hall at Alrefak University using
the same single camera described above (720p at 30 fps). Six volunteers from the course
cohort participated in a staged one-hour exam. Participants enacted both predefined cheating
behaviors (e.g., consulting unauthorized devices, exchanging notes, using concealed aids) and
unscripted sequences in which they were briefed only on the intended class and then
improvised freely, deliberately attempting to make the behavior difficult for the system to
classify; the pipeline monitored and recorded their actions throughout to evaluate real-time
detection performance. Recordings were streamed directly to the detection modules to
reproduce operational timing and latency; all streams were time-stamped and stored on secure
university servers. Trained annotators labeled cheating events using a standardized codebook
(behavior type, onset time, duration) to produce ground truth for evaluation. All participants
provided informed consent, identifying information was removed prior to analysis, and the
study was conducted under Alrefaq University institutional ethical oversight.

We used Ultralytics YOLOv11 with the large model variant. Input images are resized to
1024x1024px and 1280x1280px. The detector runs on an NVIDIA RTX 3070 (CUDA). As
shown in Figure 2, It identifies persons, mobile phones, books, and other unauthorized
objects. On our benchmark, YOLO inference averaged 23.7 ms per frame.

The object detector is the pretrained Ultralytics YOLOv11-Large checkpoint (yolol111.pt,
Ultralytics 8.3.24), loaded directly from Ultralytics and used as-is on its original COCO
classes without any custom fine-tuning; the relevant classes for this task are person, cell
phone, and book, and detections are filtered at a confidence threshold of 0.5. Pose estimation
uses Media Pipe Blaze Pose (Media Pipe 0.10.14) out of the box. The supporting stack is
PyTorch 2.4.0 (CUDA 12.1), OpenCV 4.10.0.84, and TensorFlow 2.16.1. No library was
internally modified; the contribution is the integration and the weighted scoring layer built on
top of these components.

3.1.2. Pose estimation (MediaPipe BlazePose)

MediaPipe runs in parallel on the same frame. Figure 3 represents the extraction of 33 body
landmarks, hand keypoints, and head pose (yaw, pitch, roll) using the Perspective-n-Point

algorithm. Pose estimation took about 16 ms per frame on average.
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Figure 3: Object detection and pose estimation in an exam hall, showing bounding boxes and labeled
landmarks for monitoring students.

3.1.3. Face recognition (Ghostface Net with caching)

We integrated Ghostface Net (Alansari et al., 2023) for student identification. Ghostface Net
is a lightweight face recognition architecture that leverages Ghost modules to generate
redundant feature maps through inexpensive linear transformations, achieving computational
efficiency of 60-275 MFLOPs while maintaining competitive accuracy on benchmark
datasets (Alansari et al., 2023). To avoid running the model on every frame, we cache the
mapping from a track ID to a student ID. The model runs only when a new person enters the
scene or when the cache expires. Median face recognition cost is near zero, but occasional
frames take much longer — up to 644 ms in our logs. This happens when the cache misses and
the face is at a difficult angle.

3.1.4. Tracking (centroid-based)

We implemented a simple centroid tracker. It assigns a unique track ID to each person and
keeps it across frames as long as the person stays in the camera view. Tracking added only
0.07 ms on average.
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3.1.5. Weighted suspicion scoring
For every person in the frame, we compute a raw suspicion score as:
raw = 0.75-head+ 0.15-hand face + 0.10-hand object

These component weights (0.75 for head orientation, 0.15 for hand—face proximity, and 0.10
for hand—object interaction) were selected manually through the iterative tuning process
described above rather than by an automated search such as grid search or cross-validation.
They are exposed as adjustable parameters in the system’s settings (config.json), allowing the
operator to re-tune the weights to suit different exam environments for a flexible
configuration.

where:

e head is normalised head-orientation deviation (yaw/pitch beyond baseline)

e hand_face is the inverse of hand-to-face distance (closer = higher)

e hand_object is the proximity to detected phones or books, weighted by object type
(phone = 1.0, book = 1.0).

Hands-Object Score

g

Head Score Hands-Face Score <{_ High-Risk Object?

Weighted Sum ‘ Hard-Flag Raw = 1.0

S /

Adaptive Smoothing

Smoothed Score 0..1 ‘

Figure 4: Weighted suspicion scoring with hard-flag and adaptive smoothing.
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Figure 4 simplifies how scoring components accumulate to represent a normalized number
for the final decision to decide whether the current person is cheating or in neutral form
except when a high-suspicion object interaction triggers a hard flag, setting the score to 1.0 to
indicate a 100% cheating action .

3.1.6. Temporal smoothing and deduplication
We apply modified Exponential Moving Average (EMA) to the raw score to reduce jitter:
smoothed = a-raw + (1-0)-previous smoothed (a = 0.3)

Then we check a deduplication map. If the same student has already triggered an alert for the
same behavior type within a short window while the same behavior type is still pending in the
alert panel, we skip sending another alert. This prevents flooding the proctor with repeated
notifications.

3.1.7. Privacy-first evidence storage

Review Alert

e
Feb2,2026, 10:36 AM

REASONS
Phone usage detected

Information Review

Student 1D

Figure 5: Evidence card generated by the cheating detection system, displaying a flagged alert with
suspicion score, timestamp, and reason (phone usage) for review and confirmation

When an alert is raised, we save only the flagged frame (full frame) and a crop of the
student’s face/body, as shown in Figure 5. We do not store the raw video stream. All
evidence is automatically deleted after seven days. This policy is our answer to the
privacy-surveillance paradox that most existing systems ignore (European Union,

2016).
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3.2 Ethical Consideration and Privacy Protection
3.2.1 Ethical Approval and Consent

Data collection for this study was conducted with strict adherence to ethical standards
regarding participant privacy. All video recordings used to test and evaluate the proposed
real-time cheat detection system were collected inside the university from a group of student
volunteers who agreed in advance to participate in a pre-arranged test of the system, under
explicit informed consent. No third-party or covertly recorded footage was used.

3.2.2 Privacy Preservation and Anonymization

To address the severe privacy risks associated with automated face recognition and
monitoring systems, the system applies the principle of data minimization: it does not store
the raw video stream, and retains only the minimal evidence required for review (the flagged
frame and a cropped region), which is automatically deleted after a seven-day retention
period, in line with GDPR principles (European Union, 2016). The pipeline itself does
not perform automatic face-blurring; for this publication, the faces shown in the figures were
blurred manually to protect the privacy of the participating students.

3.2.3 Legal and Regulatory Compliance

The deployment of Al-based surveillance technologies in educational settings must align with
international and regional data-protection regulations such as the GDPR(European Union,
2016). To this end, the system processes all video streams locally, in real time, on the
institution's own hardware, with no cloud transmission of student imagery. Student
identification relies on a small, local, access-controlled face-embedding database used only to
match enrolled students during the exam session; these embeddings are not shared externally
and cannot be accessed or reverted to its original state. This local, edge-style processing
significantly reduces the risk of data leaks and unauthorized access to personal biometric
information, and no unauthorized recording or surveillance was performed during the study.

3.3 Technical challenges and our solutions

Implementing a real-time computer vision and deep learning framework for exam monitoring
in practical environments entails several critical engineering hurdles. To build a robust
system capable of operating under these constraints, we addressed these key obstacles
through the following targeted solutions:

e False positives from natural movements
In the base configuration, a student raising a hand or briefly looking at a wristwatch could be

mistaken for holding a phone. This happened because the hand-object interaction term was
too sensitive.
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Our fix: We increased the minimum confidence threshold for phone detection and tightened
the hand-object interaction gate, while keeping the component weights at their configured
values. This is why Round 3 achieved zero false positives without losing true positives.

e Long-tail latency in face recognition.

Most frames had negligible face recognition cost (median 0 ms). However, the log shows that
sometimes the system retries face matching (attempt 1/3, 2/3) and occasionally fails to
recognise the student (confidence 0.00). In rare frames, recognition took up to 644 ms.

Our mitigation: We increased the cache duration and made face recognition asynchronous —
the suspicion score uses the cached ID; if the cache is stale, the system continues with the
Track ID while updating in the background. This reduced the visible latency spikes, but they
still appear in the 95th percentile.

e Temporal smoothing did not dramatically improve clip-level decisions

We initially expected EMA smoothing to significantly reduce false alarms. On our curated
set, the raw scores and smoothed scores agreed on every clip. The real improvement came
from threshold tuning and confidence gates, not from the temporal filter.

What we learned: Smoothing is still useful for continuous video streams because it makes
the score less jittery, but it is not a substitute for careful threshold setting. We kept it in the
pipeline because it stabilises the display on the proctor dashboard.

e Resolution and speed trade-off

We tested three capture resolutions: 640x480, 1280%720, and 1920x1080. Surprisingly,
640480 was the slowest (14.19 FPS, 68 ms latency), while 720p gave the best balance
(16.98 FPS, 42 ms). 1080p delivered almost the same frame rate as 720p (16.94 FPS) but with
higher latency (54 ms).
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Figure 6: System throughput (average FPS) and processing latency (average ms) measured at runtime
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across three capture resolutions (640x480, 1280720, 1920x1080). 1280x720 provides the best speed—

latency balance and is used as the default configuration.

Conclusion: We chose 720p as the default. The lower resolution was slower because the
detector spent relatively more time on CPU/GPU synchronization, not less.

e  Warm-up delay

Warming up AI Pipeline (pre-allocating GP
YOLO Engine Warm

Pose Estimation Warm

Pipeline Ready (Warmup took 1

Figure 7: Initialization log of the Al pipeline showing GPU memory pre-allocation, and readiness
confirmation

Before the first frame is processed, the system loads the YOLO and Media Pipe models into
GPU memory, as shown in Figure 7, This short warm-up prepares the pipeline to begin the
detection session immediately at peak performance, instead of starting cold and risking
missed early events. For a long exam session, 1.36 seconds is acceptable and practically
invisible to the proctor.
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What we would do differently

Looking back, we would improve:

e Asynchronous face recognition from the start. The current implementation sometimes
blocks the main pipeline when the cache misses. A fully asynchronous design would
hide the long-tail latency completely.

4. Results and Analysis

We evaluated the system in two stages: a clean-start runtime benchmark and a tuning study
on a curated labeled clip set. Our goal was to measure how far the system could be improved
through configuration changes alone, without changing the core detection pipeline.

4.1 Experimental Setup Summary
This section summarizes the environment used for the benchmark round.
4.1.1 Hardware and Software

Table 1: Hardware and software environment used for benchmark evaluation.

GPU CPU RAM (0N} Python Libraries
(GB)
NVIDIA AMD 16.0 Windows-11 3.11.9 YOLOvV11, MediaPipe
RTX 3070 Ryzen 5 BlazePose, DeepFace,
5600X OpenCV, psutil, NVML

4.1.2. Stress Benchmark base round test

Table 2: Stress benchmark results for the base round, showing frame throughput and skip rate over a 60-

second run.
Round Duration Frames Frames Avg Avg Avg Skip
s) Read Processed Stream Pipeline Rate

FPS FPS

Round 1 60.00 1028 1019 17.13 16.98 0.88%
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4.1.3 Evaluation protocol

Table 3: Evaluation protocol parameters, including capture resolution, model configuration, and lighting

conditions.
Test Capture Camera Model Model Image Sessions Lighting
Duration Resolution FPS Family Size Size
(min)
1.00 1280x720 30.0 YOLOvI11 large 1024 1 Normal
large indoor
lighting

We ran the benchmark after a clean restart to reduce background noise. GPU utilization and
memory usage were captured automatically, and pose estimation was included in the reported
pipeline timing.

4.2. Performance Metrics

4.2.1. Measurement instrumentation

All performance and accuracy metrics reported in this section were produced by
a custom evaluation script (tests/benchmark pipeline.py) developed for this
study. The script executes the full pipeline against a specified capture source
and resolution, logs per-frame timing for each pipeline stage, samples system
resource utilisation, and writes the results to a timestamped metrics file for

offline analysis. Hardware utilisation was captured using psutil for CPU and
RAM and NVIDIA NVML for GPU load and memory. Precision, recall, F1-
score, and false-positive rate were computed directly from the TP/FP/TN/FN
counts using their standard definitions rather than through an external machine-
learning library.

Figure 8: A terminal script that shows the way system running the pipeline on the annotated clips to
generate performance matrix
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Ground-truth labels for the evaluation clips were produced by trained annotators using the
standardized codebook described in Section 3.1.1, which records behavior type, onset time,
and duration for each cheating event.

4.2.2. Throughput and Latency

Table 4: Overall throughput, latency, and resource utilisation measured during the benchmark run.

Scenario Stream Pipeline Median P95 GPU CPU
FPS FPS latency latency utilization utilization
(ms) (ms) (%) (%)
Overall 17.13 16.98 39.54 43.60 34.84 30.23
4.2.3. Latency distribution
Table 5: Distribution of total pipeline latency across processed frames.
Metric Mean Stdev Min Max Median P95
(ms) (ms) (ms) (ms) (ms) (ms)
Total pipeline 41.83 33.98 25.57 775.81 39.54 43.60
4.2.4 Model Inference Timing
Table 6: Average per-frame inference time for each pipeline stage.
SCENARIO YOLO MEDIAPIPE TRACKING FACE BEHAVIOR EVIDENCE
(MS) (MS) (MS) RECOGNITION + (MS)
(MS) SCORING
(MS)
AVG PER 23.81 16.01 0.07 1.73 0.05 0.00
FRAME
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4.2.5. Component timing statistics

Table 7: Detailed timing statistics for each pipeline component.

Component | Mean | Stdev | Min Max Median | P95
(ms) | (ms) | (ms) | (ms) (ms) (ms)

YOLO 5.68 22.13 | 203.71 | 23.30 25.15

inference 23.81

Postprocess 2.72 0.02 57.26 15.82 16.59
15.63

Filter 0.00 | 0.00 0.00 0.01 0.00 0.00

overlaps

Tracking 0.07 | 0.03 0.00 0.16 0.06 0.12

MediaPipe 1.50 0.00 41.95 15.90 16.62

pose 16.01

Face 1.73 | 31.84 | 0.00 644.74 | 0.00 0.11

recognition

Behavior + 0.05 | 0.02 0.00 0.22 0.04 0.09

scoring

Evidence 0.00 | 0.00 0.00 0.00 0.00 0.00

saving

The runtime profile is dominated by detector inference and post processing. The remaining
stages are comparatively small, so throughput is driven mainly by the object detector rather
than the scoring logic.
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4.3. Detection Accuracy and Tuning Study

Assessing the real-world viability of our deep learning-based proctoring system requires a
multi-faceted performance analysis. The following Detection Accuracy and Tuning Study is
structured to thoroughly examine system behavior.

4.3.1. Curated evaluation set

Table 8: Composition of the curated 20-clip evaluation set by clip group.

Clip group Count Percentage
Hard normal 10 50.0%
Normal 3 15.0%
Cheating 7 35.0%
Total 20 100.0%

To evaluate the system under rigorous and challenging conditions, we constructed a curated
evaluation set comprising 20 video clips, as detailed in Table 8. The dataset features a
deliberate distribution: Hard normal clips account for 50.0% (10 clips) of the data, alongside
standard Normal cases at 15.0% (3 clips) and Cheating scenarios at 35.0% (7 clips).

This distribution ensures the model is tested against 'hard negatives' (challenging benign
cases) providing a more rigorous measure of the false-positive rate, rather than just easy
normal cases. That makes the false-positive rate more meaningful. The inclusion of
adversarially recorded hard clips was a deliberate design choice: rather than measuring
performance only on clearly separable cases, the set was constructed to probe the system's
behaviour at the decision boundary, where benign actions superficially resemble cheating and
cheating attempts are deliberately concealed.

4.3.2. Detection Accuracy and Processing Speed during Evaluation Clips

We used round-based naming for the tuning passes to provide a clear iterative progression of
the system’s optimization. Round 1 removed most false positives compared with the base
configuration, but Round 2 was too strict and lost recall. Round 3 restored recall while
preserving zero false positives, which is the strongest operating point we reached.

The evaluation set comprised 20 video clips. The four columns reported above correspond to
four configuration passes of the same pipeline (Base and Rounds 1-3), not to twenty distinct
models; no change was made to the underlying model architecture between passes, and all
differences arise from threshold, image-size, and confidence-gate settings.
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Table 9: Detection accuracy and processing speed across the four configuration passes (Base and Rounds 1-3).

4.3.3. Threshold sweep on the tuned configuration

Metric Base Round 1 Round 2 Round 3
Image Size 1024 1280 1280 1280
Alert Threshold 30 20 20 20

TP 7 7 4 7

FP 5 1 0 0

N 11 15 16 16

FN 0 0 3 0
Precision 0.5833 0.8750 1.0000 1.0000
Recall 1.0000 1.0000 0.5714 1.0000
F1 Score 0.7368 0.9333 0.7273 1.0000
FP Rate 0.3125 0.0625 0.0000 0.0000
Avg FPS 21.2941 12.8857 13.7842 15.1271
Avg Proc MS 45.5423 90.8228 72.9891 81.4725
gfﬁes Flagged | 5434 2206 209 1088

We also swept the alert threshold around the tuned configuration to confirm the stable
operating band.
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Table 10: Threshold sweep around the tuned configuration, showing the stable operating band.

Threshold | TP | FP | TN | FN | Precision | Recall | F1 FP
band rate
10-21 7 1 15 0 0.8750 1.0000 | 0.9333 | 0.0625
22 6 1 15 1 0.8571 0.8571 | 0.8571 | 0.0625

This shows that the useful operating band is broad around 20, but performance begins to drop
once the threshold is pushed too high.

4.3.4. Confusion matrix at the final operating point

Table 11: Confusion matrix at the final operating point for raw and smoothed scoring.

Mode TP FP TN FN
Raw score 7 0 16 0
Smoothed score 7 0 16 0

At the final operating point, raw and smoothed scoring produced the same clip-level decision.
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4.3.5. Component contribution

Table 12: Final component weights and their observed contribution to the suspicion score.

Component Final Observed impact
weight
Head orientation 0.75 Remained the dominant contributor to the

suspicion score.

Hand-face 0.15 Helped capture distraction behavior, but stayed
proximity secondary.

Hand-object 0.10 Gated by a higher object-confidence threshold to
interaction suppress weak phone-like false positives.

The final improvement did not come from changing the core detector. It came from tuning
the object-confidence gates and the scoring thresholds.

4.3.6. Qualitative output examples

Figure 5 shows a representative true-positive detection at the operating point used for the
final configuration, presenting the flagged frame together with the computed suspicion score,
timestamp, and the triggering reason surfaced to the proctor. Evidence frames generated
during the earlier base configuration, which produced five false positives, were removed
under the seven-day automatic retention policy described in Section 3.2.2 and are therefore
not reproduced here.

4.4. Temporal Smoothing Impact

Temporal smoothing did not change the clip-level decision on this curated set. The raw and
smoothed scores agreed at the final operating point, which means the main gains came from
threshold and confidence tuning rather than temporal filtering alone.

4.5. Resolution Sensitivity

We ran separate resolution tests to compare throughput and latency under different capture
sizes.
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Table 13: Throughput and latency sensitivity across the three tested capture resolutions.

Resolution | Avg Avg Latency | Frames | Videos
FPS (ms)

640x480 14.19 68.09 21,690 20

1280x720 16.98 41.83 21,690 20

1920x1080 | 16.94 54.39 21,690 20

The 720p base benchmark remained the reference point for the main runtime section, while
the 640x480 and 1920x1080 measurements show how the same pipeline behaves when the
capture resolution is lowered or increased.

4.6. Hardware usage during run

Table 14: Hardware resource utilisation recorded during the benchmark run.

Resource Mean Stdev | Min Max Median | P95
CPU utilization | 30.23 3.12 19.3 36.2 30.9 34.63
(%)

RAM 55.30 0.48 51.9 55.6 554 55.60
utilization (%)

GPU utilization 34.84 9.76 0.0 41.0 39.0 41.0
(%)

GPU memory 1900.0

used (MB) 1897.43 | 19.40 1751.0 | 1900.0 1900.0
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4.7 Error Analysis

The main runtime irregularity was the long-tail face-recognition latency. The median face-
recognition cost was effectively near zero, but rare frames reached several hundred
milliseconds but these spikes do not affect the overall real time feel of the system, which
suggests occasional expensive recognition calls or retries. The overall pipeline latency stayed
stable enough for real-time processing, with the bulk of frames clustered around the low-40
ms range.

CPU and RAM usage were more stable. GPU utilization averaged about 35%, while GPU
memory usage stayed around 1.9 GB, which indicates that the detector was running on
CUDA with moderate load rather than saturating the device.

4.8. Discussion

The results demonstrate that the pipeline maintains a sufficient frame rate for real-time
surveillance applications at 1280x720 capture resolution with the large YOLO configuration.
The initial base configuration was overly noisy, especially on benign clips where a raised
hand could resemble a phone. After tuning, the false positives dropped sharply, and the final
configuration recovered full recall while preserving zero false positives on the curated
evaluation set.

The strongest result is the final round: it preserved TP=7 and removed all false positives,
which gives Precision=1.0, Recall=1.0, and F1=1.0 on the curated set. That is the clearest
evidence that the system is tunable through configuration alone.
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Table 15: Quantitative comparison between the proposed system and prior
work. Throughput measured on the clean-start 720p benchmark (Table 4).

Study Approach Accuracy | Precision | Recall | F1 | FPS
/ mAP

Hu et al. | SwinTransformer | 95% — — — |35
(2024) + YOLOVS5-CA, | accuracy

3

cameras/student
Zuo et al.| YOLOvVS +185.67% | — — — 127
(2024) Efficient Channel | mAP50

Attention
Xu et al. |Frame 96% — — — |45
(2025) differencing  + | mAP50

MLP-YOLOVS-

SENetV2 +

ResNet
Adhikari YOLO + face|89% 91% 83% |— |not
(2024) recognition accuracy reported
Abdulkarim | YOLOvVS + | — 92% 88% |— |~29*
et al. (2025) | OpenPose, rule-

based fusion
Shiddig & | YOLOvS +198.1% — — — | not
Kurniasih | MobileOne accuracy reported
(2025) backbone

YOLOv1l-L +|—
This work | MediaPipe 1.00 1.00 | 1.00|16.98

BlazePose +

weighted scoring

The tuned Round 3 configuration, which produced the reported accuracy
figures, averaged 15.13 FPS at 1280 px input.
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As summarised in Table 15, the proposed system attains the highest precision and recall of
the compared approaches on its evaluation set, at the cost of the lowest frame rate. Two
caveats should be noted when interpreting this comparison. First, the reported metrics are not
measured on a common benchmark: each system was evaluated on its own dataset, so the
values indicate general performance levels rather than a controlled head-to-head result.
Second, the perfect precision and recall reported here were obtained on a curated 20-clip set,
which is substantially smaller than the datasets used in several of the compared studies, and
the throughput figure reflects the use of the large YOLOv11 variant at 1280%720 rather than
a lightweight configuration optimised for speed. The comparison therefore positions the
present work as favouring detection reliability and graduated scoring over raw throughput.

Finally, the evaluation phase was conducted on a limited set of 20 video clips. While the
preliminary results confirm the efficiency of the YOLOv11-MediaPipe pipeline, a larger
sample size is required to comprehensively validate the system’s scalability and
generalizability across diverse academic settings.

5. Conclusion

This study presented a real-time cheating detection system that combines object detection,
pose estimation, head-pose analysis, and face recognition within a single configurable
pipeline. The experimental results showed that the system can be tuned effectively through
thresholds, confidence gates, and resolution settings to balance sensitivity and false alarms
without modifying the core architecture. The final tuned configuration achieved the best
balance we observed in this study. Compared with the base round, the pipeline became more
selective, then more conservative, and finally reached a configuration that preserved all
positive clips without raising false alerts on the curated evaluation set. In practical terms, the
system can be tuned through thresholds, confidence gates, and resolution settings to trade-off
between sensitivity and false alarms without changing the model architecture.

and it also sustained real-time operation on standard hardware. The resolution tests further
showed that 720p provides the best practical trade-off between speed and latency, while the
privacy-aware evidence handling ensures that only suspicious frames are retained and deleted
automatically after the retention period. Overall, the proposed system offers a practical and
effective approach for improving academic integrity in exam environments.

6. Future Recommendations

While the proposed system demonstrates strong performance in real-time cheating detection,
several directions remain open for future exploration:

e Dataset Expansion and Fine-Tuning: Collect larger, more diverse datasets from real
exam environments to fine-tune YOLOv1l and MediaPipe models, improving
robustness across lighting, cultural, and behavioral variations.

e Multi-Camera Integration: Explore multi-perspective setups to reduce blind spots
and enhance detection accuracy without significantly increasing hardware costs.

e Adaptive Weight Optimization: Replace manual suspicion weight tuning with
automated methods such as reinforcement learning or Bayesian optimization to
dynamically adjust scoring in different exam contexts.
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e Explainable AI (XAI): Incorporate interpretable models or visualization tools to help
proctors understand why a particular behavior was flagged, increasing trust and
transparency.

e Privacy-Enhancing Techniques: Investigate real-time anonymization methods (e.g.,
face blurring or differential privacy) to further reduce ethical concerns while
maintaining detection accuracy.

e Integration with Institutional Systems: Link alerts and evidence storage with
existing Learning Management Systems (LMS) for streamlined reporting and
auditing.

e MAR (Mouth Aspect Ratio): Incorporate MAR analysis to detect subtle mouth
movements (e.g., whispering, speaking to hidden devices, or signaling), which could
further strengthen behavioral monitoring in exam settings
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Abstract

Although Building Information Modeling technology (BIMT) has revolutionized the
construction sector by enhancing productivity, efficiency, sustainability, and mitigating
implementation challenges at all stages of architectural projects, its implementation in
developing countries, particularly Libya, remains limited. This research aims to clarify the
concept of (BIMT) and its application in various phases of architectural projects. It also seeks
to highlight the current state of (BIMT) implementation in Libya, as well as the obstacles and
challenges faced by engineers in using it. This research paper employs a descriptive-
analytical methodology, incorporating both qualitative and quantitative approaches, using
inductive and deductive reasoning. To achieve this, questionnaires were distributed to
relevant stakeholders, and empirical statistics were applied. Most participants indicated their
awareness of the benefits of (BIMT) as a more effective method for designing and managing
construction projects by fostering collaboration, improving design quality by providing the
ability to accurately visualize designs in (3D), and offering a platform that facilitates the
exchange of information related to sustainable building design, construction, and
maintenance throughout the building's lifecycle. However, the results showed that a very
small percentage of engineering offices and companies in Libya utilize (BIMT). This
research paper recommends encouraging and supporting efforts to raise awareness and
knowledge of the benefits of (BIMT) by integrating it into the curricula of architecture
departments at Libyan universities and by providing ongoing training opportunities for
engineers.

Keywords: Building Information Modeling Technology (BIMT), implementation,
Architectural Projects, construction sector, Libya.
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Introduction

The construction sector in Libya is experiencing rapid growth due to population increase and
rising demand for architectural projects. This growth has been accompanied by several
changes in recent years regarding the use of (BIMT). (BIMT) could contribute significantly
to solving the problems associated with the construction sector (Kang and Wu, 2025).
Arguably, this trend can be considered a paradigm shift in procedures and technology within
the construction sectors, which was initiated by Eastman under the slogan "using computers
instead of drawings in building design" (Eastman, 2012). Indeed, recent advancements in
computer science and information technology have globally transformed the way most
construction industries operate (Chan, 2014).

(BIMT) is an enhanced process and tool that incorporates a set of virtual aspects, and
systems of a building within a single environment. It involves the maintenance of an
integrated digital representation of information across multiple phases (from early stages of
design to building operation) of a construction project (Eastman et al., 2012; Barlich and
Sullivan, 2012)
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Research problem

The research problem lies in the inability of the construction sector in Developing Countries
(Suleiman and Asaad, 2024) particularly Libya, to keep pace with technological and digital
advancements, especially (BIMT). Despite its importance and the revolution, it has brought
to the construction field, studies and research addressing the dimensions and challenges
hindering the widespread adoption of this technology are extremely limited. This lack of
research has contributed to a significant knowledge gap between Developed Countries (such
as the US, UK and other parts of Europe) and Developing Countries particularly Libya.
Therefore, this research paper seeks to address this problem by formulating research
questions.

Research questions

The fundamental question guiding this research is: To what extent has (BIMT) been
implemented globally and locally in Libyan's construction sector? This question branches
into several sub-questions that this research will address as follows: What specific challenges
have emerged in organizations that have implemented (BIMT)? What are the obstacles that
hindering broader adoption across Libya's construction sector? Lastly, what are practical
procedures that could effectively accelerate (BIMT) implementation throughout the Libyan's
construction sector?

Aims and significance

This research aims to identify the current state (BIMT) adoption and application globally and
locally through a comprehensive literature review and field survey. Thoroughly, this paper
aims to examine current (BIMT) implementation practices in Libya. Furthermore, it also
seeks to pinpoint the main obstacles and challenges hindering the expansion of this
technology in the Libyan construction sector. Furthermore, the significance of this research
lies in identifying several practical measures to overcome these challenges and encourage the
adoption of this technology in Libya.

Research methodology

This research paper employs a descriptive-analytical methodology, incorporating both
qualitative and quantitative approaches, using inductive and deductive reasoning. The
research commenced with an extensive literature review on (BIMT) implementation in
Developed and Developing Countries, as well as in the Middle East region. An open-ended
questionnaire, for collecting quantitative data, was developed. The questionnaire consists of
eighteen questions divided into six sections. These sections include data related to
participants' age, specialization, and years of experience working with (BIMT), its
implementation in Libya, commonly used software, project implementation methods, the
(BIMT) project lifecycle, (BIMT)-related job tasks, (BIMT) training, challenges in
implementing (BIMT), and the future of (BIMT) in
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Libyan ‘construction industry. In order to test the questionnaire validity, a pilot study was
conducted.

The research sample includes architects and engineers from various disciplines namely civil,
mechanical and electrical including those who working in project management and
experienced contractors in both the public and private sectors in the Libyan construction
industry. They were invited by various methods including emails, LinkedIn, forums focused
on (BIMT), and Google form.

Out of 140 questionnaires, 118 were successfully filled after being distributed electronically
to construction professionals in Libya. Cronbach's alpha assessment performed by the
Advanced Statistical Package for the Social Sciences (SPSS) software was used to assess the
validity. The outcomes confirm a minimum Cronbach's alpha of 0.908, indicating the
reliability. The questionnaire results also demonstrate high levels of consistency.

Literature review

This section of the paper presents the theoretical framework for a literature review on the
adoption and use of (BIMT) globally, beginning with Developed Countries. The literature
review then examines the adoption and use of BIM in developing countries striving to keep
pace with the latest technological advancements in the construction sector. Finally, the
literature review addresses the adoption and use of BIM in Arab countries, specifically those
in the Middle East, with Libya being a key player in this region. As the fact that (BIMT) is
important, especially in Developing Countries, it assists in avoiding expensive rework and
construction delays by identifying and resolving conflicts early in the design stage. (Pachani,
2024).

Global adopting and implementing of (BIMT)

Lee (2014) indicated that the use of (BIMT) is mandatory in some Developing Countries,
including North America, the UK, Germany, and France. A (BIMT) s’ report conducted by
the National Bureau of Statistics (NBS) in April 2024 found that 97% of construction
companies in the US had adopted and implemented (BIMT). Meanwhile, European
Countries, such as Germany, France, Italy, Finland, Denmark, Norway, Holland and Sweden,
are also considered world leaders in (BIMT) (Arayici, 2012). In Germany for instance, since
2022, the federal government has mandated the use of this technology in public buildings. As
a government initiative, (BIMT) Deutschland was launched to provide consulting and
educational support aimed at making (BIMT) a mandatory standard by the end of 2030
(Gerges, , et al, 2017).

Since 1997, (BIMT) has been implemented in Singapore, and it is now required in various
aspects of the construction sector. An investigation conducted by Kalfa (2018) showed that
94% of the construction sector in Singapore use (BIMT). Interestingly, Singapore’s (BIMT)
Fund was established to cover training and required softwares. Similarly, according to
(Arayici, 2012) 87% of architects in South Korea using (BIMT).
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Many Developed Countries, such as the US, UK, Canada, and Australia, have developed
strategies to implement (BIMT). For example, in the US and Canada, contractor adoption of
(BIMT) has been dramatically increased. In a potentially upward trend, the UK government
mandated the full use of (BIMT) in public buildings (with a minimum capital cost of £5.5
million) by 2016 to reduce both time and cost overruns. (Gerges, et al, 2017).

Adoption and use of (BIMT) in Developing Countries

In the Continent of Africa, where the majority of Developing Countries are located, the
adoption of (BIMT) in the construction sector is stumpy. For example, in Nigeria as one of
the big African countries, the use of this technology is very limited. Similarly, South Africa,
where its implementation encounters significant challenges due to contractual matters and a
shortage of qualified staff. (Kekana et al., 2014), (Gerges, , et al, 2017).

Although (BIMT) technology is widely adopted in China, its use is concentrated almost
exclusively in public buildings (Xie et al., 2022). Approximately half of the Chinese
construction companies are implementing (BIMT) in about half of their workflow in
construction projects (China Construction Industry Association, 2021). However, in public
buildings in major cities (BIMT) implementation achieves 85.10% (Ministry of Housing and
Urban-Rural Development, 2019). The adoption of (BIMT) in China’s construction industry
has been mainly driven by government directives and polices (Yang and Chou, 2018). The
China Building Society (2021) reported that customer demands are the biggest motivator for
construction companies to use (BIMT). Chinese regime has introduced both obligatory and
motivation policies to encourage (BIMT) adoption in the construction sector (Kang, 2025).

Accordingly, the first strategy requires that public buildings with a big covered area must use
(BIMT), while the second requires customers to specify appropriate additional points for
applicants who commit to implementing (BIMT). However, (BIMT) development in China
still suffers from a shortage of standards (Kang and Wu, 2025).

In Hong Kong, although (BIMT) is being implemented, it is still considered to be in its early
stages (Chan, 2014). However, it can be argued that (BIMT) adoption in Hong Kong is
progressing rapidly. This is because clients are beginning to recognize its numerous benefits,
such as the ability to apply various tests to the BIM model, generate diverse design options,
and detect design flaws early to minimize subsequent changes (Kang and Wu, 2025).

it can be argued that although several approaches have been proposed, such as frameworks
and technology adoption to support the implementation of (BIMT), a practical mechanism for
their adoption remains lacking. This is perhaps due to the contrasting status of (BIMT) in
Developed Countries (where BIMT is mandatory or semi-mandatory) and Developing
Countries (where BIMT is still in its early stages), highlighting the need for a more practical
and applied approach to (BIMT) rather than focusing solely on its potential benefits (Gerges,
etal,2017).
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Adopting and implementing of (BIMT) in the Middle East Countries

Several Middle Eastern Countries have placed great significance on (BIMT). For instance,
the UAE, Kuwait, Saudi Arabia, Qatar, Jordan, and Egypt are among the first countries in the
region to pursue its widespread implementation. The Emirate of Dubai was the first to
mandate the use of (BIMT) especially in mega projects (BIMIG, 2013).

Young (2015) found that the use of (BIMT) in the Middle East is commonly narrow to 3D
modelling. Moreover, Mehran (2016) argued that the lack of standards and the initial high
costs, is the main barrier of implementing (BIMT) in the UAE (Gerges, et al, 2017).

In his empirical study, Awad (2013) reported that the Middle East region has the lowest rates
of (BIMT) adoption. The general impression of (BIMT) is seen as a tool for creating a 3D
model of a building. Although, a survey showed that only 25% of construction companies
employ (BIMT), its use has improved planning control and overall project’s efficiency.
Furthermore, shortage of (BIMT) specialists is a concern, with 64%. (Gerges, et al, 2017).

Identify the research gap

An extensive review of the literature on the current status of (BIMT) practices and
implementation revealed a knowledgeable gap stemming from the ambiguity surrounding
(BIMT) adoption and implementation of (BIMT) in the Libyan’s construction sector.
Furthermore, reviewing the literature discovered a severe lack of exploratory studies and
research highlighting its adoption and implementation of (BIMT) in Libya. Therefore, this
research paper seeks to fill this knowledgeable gap through examining the realty of (BIMT)
in Libya by exploring its adoption among stakeholders in the Libyan construction sector.
Moreover, it aims to identify the obstacles that hindering broader adoption across Libya's
construction sector. Ultimately, this research seeks to define practical procedures that could
effectively accelerate (BIMT) implementation throughout the Libyan's construction sector.

Results
Reality of adopting and implementing (BIMT) in Libya

This section of the paper will present the results of a field survey on the use of (BIMT)
technology in the Libyan construction sector. This includes identifying and measuring the
level of awareness and understanding among the parties involved in this sector, including
engineers and contractors. Then it presents the results of identifying and measuring the level
of employment and use of (BIMT) technology. Furthermore, this section includes identifying
the engineering software used locally in (BIMT). It will also address the challenges and
obstacles that hinder the expansion of the use of Building Information Modelling (BIM)
technology in order to determine the prospects for using (BIMT) in Libya.
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Identifying and measuring the level of awareness and knowledge of (BIMT)

According to the results of a survey conducted with a sample of 118 participants from various
engineering disciplines, approximately 90.5% reported having knowledge of (BIMT). This
90.5% is divided into three categories: 35.7% consider themselves beginners who understand
the principles of BIM, 33.3% consider themselves intermediate, and 21.4% consider
themselves advanced in (BIMT) knowledge. Only 9.5% reported having no prior knowledge
of BIM, as illustrated in (Figure 1).

Lac k of (BIMT)
Beginner level

Intermediate knowledge
Advanced knowledge of (BIMT)

Figure 1: Illustrates the level of knowledge and awareness of respondents (BIM) technology.

The survey results showed that 90.5% of respondents with advanced knowledge of (BIMT)
technology acquired their knowledge through various means. The majority (57.1%) received
informal training in this field through continuous self-learning and development, while a
smaller percentage (9.5%) gained their knowledge through specialized workshops.
Additionally, online courses constituted a primary learning method for 45.2% of respondents,
and the results also indicated that approximately 28.6% acquired their knowledge through
collaboration with colleagues and knowledge sharing within the engineering work
environments.

It is also worth noting that the majority of respondents (69%) with partial or full training in
(BIMT) are architects, followed by civil/structural engineers (16.7%), then academics
(14.3%), and finally mechanical, electrical, and plumbing (MEP) engineers (7.1%). Other
complementary disciplines, such as interior design, constitute 2.4%, while engineering
professionals in project management represent only 4.8%, as illustrated in (Figure 2).
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Figure 2: Shows the distribution of knowledge and expertise of the respondents.
Determining the level of experience of participants in the use of (BIMT)

The results of the survey revealed that most (BIMT) users have limited experience, indicating
that they are fresh engineering graduates. 69% have been working in the field for less than
three years, 11.9% for three to five years, 4.8% for five to seven years, and 4.8% for seven to
ten years. Meanwhile, 9.5% have less than one year of experience, as shown in (Figure 3).

One year of experience
2-3 years of experience
3-5 years of experience
5-7 years of experience
7-10 years of experience

Figure 3: Illustrates the level of experience with (BIMT) among the respondents.

As illustrated in (Figure 4), the survey results also indicated that 45.2% of the experience of
respondents is limited to 3D modeling software that displays the visual appearance of the
project along with design details (architectural, mechanical, electrical, and plumbing).
Meanwhile, 29% of respondents indicated that they use 4D modeling, and 6.5% have a
database created on a shared cloud. The remaining 19.4% rely solely on 2D modelling.
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Figure 4: Shows the dimensions and level of details of the implantation of (BIMT) among
respondents

Identifying the engineering software used in (BIMT)

According to (Figure 5), the most used (BIMT) softwares among the sample of participants
indicate that Revit is the most used program at 81% of the total users, followed by AutoCAD
at 76.2%, while the use of ArchiCAD does not exceed 9.5% due to the low usage rates of 4D
and 5D applications, while Navisworks does not exceed 4.8%.

ArchiCAD [
NavisWorks [l
putoCad
g e A S R—

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 5: Illustrates the engineering software used in (BIMT)
Identifying challenges and obstacles that limit the expansion of (BIMT)

According to the survey results, as shown in (Figure 6), the most significant obstacles
hindering the transition from traditional computer-aided design (CAD) software to (BIMT)
are a lack of awareness regarding the importance of training (71.9% of respondents), a
shortage of qualified personnel (56.3%), and resistance to change (46.9%). Other challenges
cited by respondents include high costs (34.4%), the absence of regulations and legislation
mandating the application of this technology (31.3%). Overcoming these obstacles is crucial
to ensuring the effective implementation of BIM technology in Libya.
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Figure 6: the main challenges and obstacles that limit the expansion
(BIMT) implementation

Prospects for using (BIMT) in Libya

According to the results of the field survey, the prospects for adopting and implementing
(BIMT in Libya were classified into two levels. The first focuses on establishing binding
legislation and regulations for the application of (BIMT). The second focuses on identifying
incentive and motivational initiatives to expand the use of BIM technology.

Enacting legislation and regulations that mandate the application of (BIMT)

As previously mentioned in the literature review, governments are obligating entities
involved in the construction sector to use (BIMT), similar to practices in developed countries
such as the United Kingdom and Germany. Therefore, participants were asked whether
legislation and regulations should be enacted to mandate the adoption and application of
(BIMT) in Libya. The majority of survey participants (70.6%) answered "yes." Another
20.6% answered "maybe," indicating a cautious openness to this proposal. Only a minority
(5.9%) opposed such measures, deeming them unnecessary, while the remaining 2.9%
expressed uncertainty about whether mandating (BIMT) legislation and regulations would
expand the application of this technology (Figure 7).

L Yes
@ No
o Maybe
@ Not sure

Figure 7: Respondents' views on enacting legislation and regulations mandating (BIMT)
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Encouraging and motivating initiatives to expand the use (BIMT) in Libya

As illustrated in (Figure 8), the results of the survey indicated that one of the most important
initiatives to encourage and motivate engineering and technical personnel involved in
building design and construction to use (BIMT) in Libya is enacting legislation and
regulations that would obligate all engineering and technical personnel to use (BIMT),
especially in large projects. Meanwhile, 64.4% of respondents recommended that
expanding the establishment of specialized programs and training in this technology
additionally, 42.2% mentioned offering incentives such as granting priority in awarding
design and construction contracts for public projects undertaken by the government to
companies and consulting firms that rely on this technology in their work. Furthermore,
45.3% of respondents indicated the need to subsidize the cost of subscribing to (BIM)
programs.

Incentives and exemptions ||
subsidize the cost of subscribing to BIM programs || S
Specialized training programs [
Enacting binding regulations and legislation [

0.00%10.00920.00930.00%40.00%60.00%60.00%70.00%80.00%

Figure 8: respondents’ views on initiatives to expand the use of (BIMT)
Predicting the future adoption and use of (BIMT) in Libya

The survey results showed that most respondents anticipate a brighter future for the use of
(BIMT) technology in the Libyan construction sector over the next few years (Figure 9). A
majority (64.3%) indicated a high probability that this technology will be used extensively,
particularly in the increasingly competitive private sector. A small minority (16.7%)

[
©
©
Yes

Maybe

expressed pessimism regarding its adoption.

Figure 9: Shows the prediction of the future adoption and use of (BIMT).
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Results discussion

Although the results showed that most respondents had a general understanding of (BIMT),
the majority possessed only modest experience. Most participants reported acquiring BIM
knowledge through self-learning, an independent process where they gained knowledge and
skills through personal effort via educational platforms and digital courses that offered
accredited certifications. This is likely due to the fact that the engineering curricula in Libyan
universities do not keep pace with modern technological and digital developments. Therefore,
it has become imperative to update these programs to integrate (BIMT) into architectural and
engineering education at Libyan universities.

However, the adoption of (BIMT) is primarily driven by architects, with only a small
percentage coming from academics, which explains why most companies only implement
BIM at the design stage. While architects are at the forefront of projects, relying solely on
them for BIM implementation is insufficient. The findings also revealed that the majority of
(BIMT) users are fresh architecture graduates, indicating the entry of a new generation of
ambitious professionals into the private sector job market and reinforcing the prediction of a
promising future for this technology in Libya. This is attributed to the private sector's
flexibility and eagerness to keep pace with the latest technological and digital developments.
However, a very small percentage of professionals actually integrate their BIM knowledge
into project workflows.The results showed that the use of (BIMT) is often limited to the
design phase, where companies use 3D BIM software such as Revit to model architectural
details and detect engineering conflicts.

The results also confirmed that the use of (BIMT) technology in Libya does not include other
dimensions of this technology, such as the fourth dimension (4D) of scheduling, the fifth
dimension (5D) of cost analysis and management, and the sixth (6D) and seventh dimensions
(7D) of environmental sustainability and facilities management and maintenance,
respectively. Naturally, AutoCAD remains the most widely used software, which is not a
BIM program, demonstrating the dominance of two-dimensional work methods in the Libyan
construction sector. Although countries like South Korea have followed suit, this step is
insufficient without further improvements.

The survey results revealed a strong demand from Libya’s construction sector to undermine
formal governance of (BIMT), with 70.60% of participants supporting government policies
that mandate the application of BIM in large project. This broad consensus reflects an
understanding of the importance of central regulatory frameworks for standardizing practices,
ensuring accountability, and creating a fair competitive environment. 20.60% of participants
indicated that there was uncertainty due to their lack of knowledge on the subject, suggesting
the need for clearer policy proposals to address the uncertainties, while the minority
opposition of 8.80% highlighted the continued doubts about bureaucratic interference.



Reality and Prospects of Implementing Building Information Modeling Technology (BIMT) in Libya

To capitalize on this momentum, the Libyan authorities should prioritize drafting legislation
and regulations related to (BIMT). This also includes gradually implementation it to public
projects and providing tax benefits and incentives for early entrepreneurs, in line with
globally successful experiences.

As discussed above, this role is entrusted to the engineers' association, similar to what Britain
and Germany did, where the German engineers' association adopted building standards and
made the use of (BIMT) mandatory in all public projects about ten years ago.

Three structural obstacles dominate the construction sector's transition to (BIMT):

* Lack of awareness and training: The absence of local training programs and
misconceptions about the complexity of (BIMT) hinder progress toward wider adoption of
this technology. This necessitates holding accredited workshops and training courses, and
establishing knowledge-sharing partnerships with international (BIMT) centers.

* Trained staff shortage: The severe shortage in Libya of specialists with skills in (BIMT)
necessitates urgent reforms to the curricula in engineering colleges, and financial support to
raise the skill level of current staff through public-private partnerships.

* Resistance to change: Cultural inertia towards traditional computer-aided design (CAD)
practices underscores the need for change management strategies, including pilot projects
demonstrating the cost and time savings of (BIMT), and similar success experiences from
comparable markets.

A majority of the participant indicated a high probability that this technology will be used
extensively, particularly in the increasingly competitive private sector. A small minority
expressed pessimism regarding its adoption.

The majority of respondents who answered "maybe" expressed skepticism, indicating
conditional optimism contingent on overcoming the aforementioned obstacles. Pessimistic
responses, on the other hand, often pointed to the instability of Libya's construction sector.
Nevertheless, this distribution suggests that the adoption of (BIMT) is feasible within the next
three years, but only if supported by concerted efforts to achieve political and economic
stability.

Conclusion

(BIMT) has become a cornerstone of the construction industry due to its broad scope of
knowledge within the design, construction, and operation sectors, and its close connection to
the architectural and structural engineering fields. Therefore, implementing this technology
has become essential for ensuring survival and competitiveness in the construction sector. It
can be said that the use and adoption of this technology is developing very slowly in the
Middle East region compared to developed countries. However, the reality of (BIMT)



|
Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 78-92

implementation in Libya is unsatisfactory, as only 20% of architectural and construction firm
use (BIMT).

The results showed that the most prominent and widely used tool of this technology in Libya
is Revit. The research findings concluded that the most prominent obstacles and challenges
that limit the expansion of the application of (BIMT) t lie in the resistance to change and
Lack of awareness and training as well as the severe shortage of specialists. Finally, this
paper recommends encouraging and supporting efforts to raise awareness and knowledge of
the benefits of (BIMT) by integrating it into the curricula of architecture departments at
Libyan universities and by providing ongoing training opportunities for engineers.
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Abstract
Reinforced concrete (RC) buildings with ordinary moment frames (OMFs) and
solid slabs on dropped beams represent the predominant mid-rise residential
structural system in Tripoli, Libya. These buildings are typically designed for
gravity loads alone, with little or no explicit seismic detailing. This study
investigates how building height affects the seismic response, damage
evolution, and performance compliance of this typology. Three configurations
— &, 10, and 12 stories — share identical plan geometry, material properties,
and site hazard parameters. Each configuration was modeled in ETABS and
analyzed using nonlinear static pushover analysis, with concentrated plastic
hinges assigned at the ends of beams and columns. Performance was evaluated
against ASCE 41-17 acceptance criteria at the target displacement
corresponding to the unreduced MCERr demand.
The findings showed that the three configurations satisfied the Immediate
Occupancy performance level in both principal directions. Increasing height
reduced lateral stiffness, lengthened the fundamental period, and progressively
degraded displacement ductility along the stronger direction, highlighting the
need for explicit seismic detailing as building height increases.
Keywords: Pushover Analysis, Ordinary Moment Frame (OMF), Building
Height, Performance-Based Earthquake Engineering, Target Displacement,
Inter-Story Drift, Tripoli.
1. Introduction
Reinforced concrete (RC) moment-resisting frames (MRFs) are among the most
widely used structural systems in seismic regions, owing to their spatial
flexibility, functional adaptability, and
economy. In many developing urban centers, they serve as the sole lateral force-
resisting system (LFRS), combining open floor plans with the ability to resist
lateral load through beam-column action. Their seismic performance depends
on lateral stiffness, deformation capacity, energy dissipation, and how
uniformly inelastic demand distributes across the elevation as the structure
grows taller. Performance-Based Earthquake Engineering (PBEE) provides the
analytical tools to quantify these characteristics directly, tracing a building's
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behavior from first yield through progressive damage to collapse, rather than
relying on code-level strength checks alone.

Libya lies near the boundary between the African and Eurasian tectonic plates,
with seismicity concentrated along its northern coastal strip. Historical
seismicity confirms a moderate regional hazard: The 1963 Al Marj earthquake
(Mp > 5.6) and the 1977 Hun Graben earthquake (M,, > 5.9-6.0) seriously
damaged masonry and poorly reinforced concrete buildings [1]. Offshore
earthquakes near Tripoli occurred in 1974 and 1976, and tremors of magnitude
4-5.6 were recorded across northern Libya between 1990 and 2019 [2]. Recent
probabilistic seismic hazard assessments (PSHA) for Libya show non-negligible
hazard along the coast, particularly in Tripoli

[2], with the northeast generally more hazardous than the northwest, where
Tripoli 1s located [3], [4]. Earlier regional studies relied on coarser source
models and tended to underestimate hazard on the Jifarah Plains near Tripoli
[31-5]-

Design practice in Libya, however, has long assumed negligible seismic hazard,
relying on the outdated Draft Suggested Libyan Standard (DSLS-1977), which
remains the only codified reference and is widely regarded as outdated and
inconsistently enforced [6]. Ngab and Tajouri [7] addressed this gap with
updated, site-specific response spectra calibrated to regional fault sources and
historical seismicity, along with related hazard mapping [7]. These parameters
place Tripoli in Seismic Design Category (SDC) C or D, depending on soil
conditions and occupancy. This study adopts the response spectrum of Ngab
and Tajouri [7] as the most current characterization available for the city.
Despite these updated hazard maps, standard construction practice in Tripoli
still relies on Ordinary Moment Frames (OMFs) with solid slabs cast
monolithically on dropped beams. ACI 318-19 [8] and ASCE 7-16 [9] classify
RC moment frames into three ductility categories — ordinary (OMF),
intermediate (IMF), and special (SMF) — with OMFs the least ductile of the
three. OMFs carry minimal seismic detailing requirements — wide stirrup
spacing, no seismic hooks, and no strong-column/weak-beam check, in contrast
to the close hoop spacing and capacity-design provisions required for IMF and
SMF systems — along with a low response modification factor (R = 3).
Accordingly, ASCE 7-16 restricts OMFs to Seismic Design Categories A and
B, where seismic demand is low, and excludes their use in higher categories
(SDC C through F) [9].

In Tripoli, however, mid-rise buildings of 8 to 12 stories are routinely sized for
gravity combinations alone (1.4D and 1.2D + 1.6L), with lateral wind or seismic
demand omitted from initial member sizing [10]. This practice developed on the
assumption that regional seismic forces are small enough to ignore — an
assumption that has never been reconciled with the design categories




Height-Dependent Seismic Performance of Ordinary Moment Frame Buildings with Solid Slabs on
Dropped Beams in Tripoli, Libya: A Nonlinear Pushover Analysis

established by recent hazard studies. The result is a clear mismatch between as-
built vulnerability and current seismic hazard expectations.

Building height is a governing parameter for nonlinear seismic performance,
and it makes these detailing concerns more severe. Taller buildings carry more
mass, have longer fundamental periods, and are more sensitive to P-A effects —
changes that alter how inelastic deformation distributes through the structure. A
detailing deficiency that matters little in a short OMF building may therefore
govern the response of a taller one. Studies of non-ductile RC frames show that
taller OMF buildings are prone to premature collapse mechanisms, especially
where member stiffness or mass changes abruptly up the height [11], [12];
failure is often tied to column moment-strength discontinuities between adjacent
stories, a mechanism that becomes more pronounced as story count increases.
Incremental dynamic analyses and pushover studies show that although flexible,
taller frames may attract lower spectral accelerations, their larger deformation
demands can still exhaust local ductility capacity, producing soft stories and
concentrated drift [13], [14]. Comparative pushover studies further find that the
gap between seismic demand and available ductility widens with height, driven
by longer periods, greater P-A amplification, and higher-mode contributions.
The resulting risk is therefore not uniform across the city's building stock — it
grows with story count, which motivates treating height as an explicit, isolated
variable in this study.

Floor slab typology also shapes lateral load distribution and nonlinear behavior.
Solid RC slabs on dropped beams are the standard floor system for residential
and commercial mid-rise construction across North Africa [15], [16], offering
greater lateral stiffness than flat-plate or ribbed alternatives. Dropped beams —
typically projecting 300400 mm below the slab soffit — add substantial
flexural stiffness relative to flat plates or post-tensioned flat slabs, raising the
column-to-beam flexural strength ratio (XMc/ZMb). This benefit carries a trade-
off: post-earthquake field investigations of similar construction confirm that
heavy dropped beams often push plastic hinging out of the beams and into the
columns, producing weak-column/strong-beam mechanisms that threaten global
stability [17]-[19]. Dropped beams do, however, avoid the punching-shear
vulnerability of flat-plate systems and form well-defined hinge zones at the
beam ends, consistent with the lumped-plasticity model used here.

They also avoid the joint limitations associated with wide, shallow beams. ACI
318-19 limits the effective joint width to the column width where a beam is
wider than the column [8], so the portion of a wide beam beyond the column
faces contributes no joint shear area — reducing effective moment transfer and
energy dissipation capacity in such configurations.
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Nonlinear static pushover analysis (POA), codified in FEMA 356 [20], ATC-40
[21], and ASCE 41-17 [22], is an established performance-based tool for
identifying nonlinear failure modes, plastic hinge sequences, and capacity limits
in RC structures. By applying a monotonically increasing lateral load, POA
traces the load-deformation response from elastic behavior through hinge
formation to failure, capturing stiffness degradation, force redistribution, and
the sequence of hinging toward collapse, and enabling direct comparison
between the capacity curve and the demand spectrum. For regular mid-rise
buildings where the first mode dominates, POA gives reliable estimates of yield
displacement, peak base shear, and hinge sequence. This reliability 1is
particularly relevant for OMF buildings in Tripoli, where the gap between
elastic code compliance and actual inelastic behavior is the central open
question.

Several studies apply POA to RC frames in comparable contexts. Bekkar et al.
[23] found that Algerian RC frames designed to older codes show limited
ductility and early strength degradation, with failure dominated by column
hinging. This pattern is consistent with gravity-governed OMF detailing.
Chaulagain et al. [24] reached similar conclusions after the 2015 Gorkha
earthquake and attributed brittle failure to inadequate frame classification and
detailing.

The present study adopts the same conventional (non-adaptive) pushover
procedure with a fixed modal load pattern. Antoniou and Pinho [25] found that
adaptive procedures offer only marginal improvement for regular frame
configurations.

The literature review leaves three gaps for North African urban centers.

1. Building height is rarely isolated as a standalone variable governing
inelastic OMF performance; comparative studies instead vary ductility
classification [13] or floor system type [15] while holding story count
constant.

2. Nonlinear performance data concentrate in high-seismicity regions such
as Algeria [23], Nepal [24], and Turkey [17]-[19], leaving moderate-
seismicity regions with distinct construction practices — such as Libya,
despite Tripoli's SDC C/D characterization [7] — without empirical
performance metrics calibrated to local hazard demand.

3. No study—To the author’s knowledge—has evaluated how mid-height
column-size reductions interact with rigid dropped-beam floor systems
under nonlinear lateral loading for gravity-governed OMF buildings in
Tripoli.
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This paper addresses these gaps through a nonlinear static pushover analysis of
8-, 10-, and 12-story residential RC OMF buildings with solid slabs on dropped
beams in Tripoli. The objectives are: (1) to characterize failure mode through
hinge formation sequences and capacity-curve parameters; (2) to quantify
ductility ratio, yield and ultimate displacement, and inter-story drift for each
height; and (3) to establish ASCE 41-17 performance-level compliance and how
it evolves with height.

2. Methodology

2.1 Structural Models

Three structural models isolate building height as the primary variable. Each is
an OMF building with a solid slab on dropped beams, sharing plan geometry,
materials, and site hazard, and differing only in story count:

o 8-story model (H8) — baseline model, representative of common mid-
rise residential construction in Tripoli.

e 10-story model (H10) — intermediate model, the same configuration
extended by two stories.

o 12-story model (H12) — upper-bound model, extended by two further
stories, representing the upper range of mid-rise construction observed in
the city.

2.2 Geometry and Material Properties

Each model shares a 22 m X 15 m plan: four bays in the X-direction (6, 5, 5, 6
m) and three equal 5 m bays in the Y-direction (Figure 1). All members follow
standard Libyan gravity-design practice under ACI 318-19 [8] ultimate strength
combinations. The ground story is 3.5 m to accommodate commercial or lobby
clearance; typical upper stories are 3.0 m. Table 1 gives the total height and
aspect ratio for each configuration.
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Figure 1:Typical Structural Configuration: a) Floor Plan (X-Y plane), b)
Elevation View (Z-direction)
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Table 1: Building height and aspect ratio by case (ground floor 3.5 m; typical floors 3.0 m).
Model Stories Total height (m) (H/B). (H/B),

HS8 3 24.5 1.1 1.6
H10 10 30.5 14 2.0
H12 12 36.5 1.6 24

To reflect regional practice, where column dimensions are stepped down once
over the height to reduce material cost, each configuration is split into two
column groups — Lower and Upper — with a single 100 mm reduction at the
mid-height transition (Table 2). This one transition is the only geometric

discontinuity between groups.
Table 2: Column dimensions by story group.

Model Stories Group Interior (mm) FEdge/corner (mm)

1S 14 Lower 600 = 600 500 x 600
' 5-8 Upper 500 x 500 400 % 500
H10 1-5 Lower 600 x 600 500 x 600
6-10 Upper 500 x 500 400 x 500

H19 1-6 Lower 600 x 600 500 x 600
7-12 Upper 500 x 500 400 x 500

The solid slab is 200 mm thick, cast monolithically with 300 mm x 500 mm
dropped beams (interior and edge), leaving 300 mm of beam depth below the
slab soffit. Normal-weight concrete has a compressive strength (f'c) of 30 MPa
and a modulus of elasticity Ec = 4700Vfc = 25,743 MPa. Reinforcement is
Grade 400: fy = 400 MPa for longitudinal bars and fyt = 300 MPa for transverse
ties. ETABS v21 auto-designs the reinforcement for each model configuration
under identical detailing rules.

2.3 Loading and Effective Seismic Weight

Typical floors carry a superimposed dead load of 3.0 kN/m? and a live load of
2.0 kN/m?; the roof carries 2.0 kN/m? dead and 1.0 kN/m? live. ETABS applies
slab self-weight (4.80 kN/m?) directly as structural dead load. Seismic mass
follows a mass source of 1.0D + 0.25L. ASCE 7-16 §12.7.2 [9] requires a live-
load contribution only for storage areas; the 0.25L term is adopted here as a
conservative allowance for permanent furniture and sustained occupancy.

2.4 Seismic Hazard and Design Response Spectrum

The design response spectrum for Tripoli follows the ASCE 7-16 [9] procedure
using the hazard parameters of Ngab and Tajouri [7]: short-period spectral
acceleration Ss = 0.32g and 1-second spectral acceleration S1 = 0.05g, applied
to all three models with R = 3 and Cd = 2.5 per ASCE 7-16 Table 12.2-1 [9].
These parameters correspond to Site Class D (stiff soil), representative of
standard Tripoli coastal soils. For the nonlinear pushover evaluation under
ASCE 41-17 [22] acceptance criteria, the unreduced MCEg spectrum was used
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directly, pushing structural capacity through the full inelastic range up to the
target limits.
2.5 Modeling of Nonlinearity and Hinge Backbone Curves

3D structural modeling and nonlinear analysis were carried out in ETABS v21.
Nonlinear behavior was captured with concentrated lumped-plasticity hinges at
relative clear lengths of 0.05L and 0.95L: M3 moment hinges for beams and
coupled P-M2-M3 hinges for columns, capturing biaxial bending-axial
interaction consistent with ASCE 41-17 [22] and standard practice for avoiding
numerical instability at joint boundaries.

Hinge properties follow the modeling parameters and acceptance criteria of
ASCE 41-17 Tables 10-7 (beams) and 10-8 (columns) [22], with backbone
curves derived member-by-member from reinforcement ratio, axial load ratio,
and shear span-to-depth ratio using ETABS's "From Current Design" option, so
hinge properties reflect each case's actual design. Effective stiffness modifiers
of 0.35Ig (beams), 0.25Ig (slabs), and 0.70Ig (columns) follow ACI 318-19
Table 6.6.3.1(a) [8]. Geometric nonlinearity (P-A) is active in all analyses,
which matters most for the taller cases.

2.6 Nonlinear Static Pushover Procedure and Target Displacement

Static pushover analyses follow ASCE 41-17 Chapter 7 [22]. A monotonically
increasing lateral load, proportional to the fundamental mode shape, is applied
in each principal direction — preferred here over a uniform pattern to better
represent inertial force distribution in these regular configurations. The control
node sits at the roof-level diaphragm center of mass; the analysis is
displacement-controlled, with increments applied until roof drift reaches 4% of
building height or a significant loss of lateral capacity occurs, consistent with
collapse-prevention objectives.

All analyses were continued to at least 1.5 times the target displacement, as
required by ASCE 41-17 [22]. Ultimate displacement (6u) is taken at 20% loss
of peak capacity; where that level was not reached, the maximum analyzed
displacement is used instead, so displacement ductility (u=6u/dy) is reported as
a lower-bound estimate.

Performance levels — Immediate Occupancy (IO), Life Safety (LS), and
Collapse Prevention (CP) — are identified on the capacity curve along the
inelastic post-yield backbone (B—C—D—E) using ASCE 41-17 acceptance
criteria [22].

Maximum expected roof displacement under MCEr demand is known as Target
displacement and denoted (6t) follows the coefficient method of §7.4.3.3:
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T\ 2
0t = CyC1Ca S, (2—€) g, (1)
T
k:.;' ‘
T, =T, = (2)

where Te the effective period, CO relates spectral to roof displacement, C1 and
C2 account for inelastic displacement and hysteresis shape, Sa is the spectral
acceleration at Te, and g = 9.81 m/s?.

Where Te exceeds 1.0 s in both directions, C1 = C2 = 1.0 throughout. Rather
than the flat approximation in ASCE 7-16 Table 7-5, CO is computed directly in
ETABS from each model's modal participation factor, as permitted by §7.4.3.3,
giving case- and direction-specific values reported with the results in Section 3.
Sa is taken from the unreduced (elastic) MCEgr spectrum: since C1 and C2
already account for the transition from elastic to inelastic demand, reducing Sa
further would double-count that effect and understate ot.

3. Results

This section presents the pushover results for H8, H10, and H12, organized by
parameter — dynamic properties, capacity curves, displacement and drift
demand, and hinge formation — with all three models reported together within
each section.

3.1 Dynamic Characteristics of the Model Configurations

Table 3 gives the fundamental periods and modal participation mass ratios,
identifying the translational and torsional modes that govern seismic response.

Table 3: Fundamental periods and modal participation.

Model Mode Period (s) Direction U, Uy

1 1.76 Y 0 0.805
Hs8 2 1.72 X 0.802 0

3 1.59 Torsional ~0 ~0

1 229 Y 0 0.801
H10 2 217 X 0.799 0

3 2.00 Torsional ~0 ~0

1 2.70 Y 0 0.799
Hi2 2 2.63 X 0.798 0

3 2.42 Torsional ~0 ~0

The fundamental period lengthens almost in proportion to story count in both
directions, while the first translational mode carries about 80% of modal mass
throughout — periods rise 53—58% from HS8 to H12, tracking the 50% increase
in story count. This dominant mode governs the effective period (T.) and the
modal load pattern used in the pushover analysis. Cumulative mass participation
reaches the 90% threshold required by ASCE 7-16 §12.9.1 [9] in both directions
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for all three configurations, converging faster in the Y-direction — exceeding
90% by the fourth mode — while the X-direction exceeded the limit by the fifth
mode, consistent with its lower stiffness and more distributed modal mass.

3.2 Pushover Response Parameters

Table 4 summarizes the bilinear idealization of the capacity curves — yield,
target, and ultimate displacements and corresponding base shears — for each
configuration in both orthogonal directions. Figure 2 shows the corresponding

capacity curves with dy and ot marked.
Table 4: Pushover response parameters.

Property HS (X) HS8 (Y) HI10(X) Hio(Y) HI12(X) HIi2 (Y)

8, (mm) 22.42 21.71 57.79 26.60 67.90 3177
V, (kN) 730.1 674.1 1465.2 643.5 1398.5 618.0
§y (mm) 65.74 67.60 83.36 85.7 101.28 105.14
Vi (kN) 2034 1981 2076.9 1945.4 2043.6 1922.3
8, (mm) 359.60  326.57 159.31 4013.52 196.33 A76.28
Viax (KN) 63456 58325 69314 6049.3 7368.2 6169.3
p{ B /8,) 16 15 8 15 7 15

Sa () 0.0697  0.0679  0.0549 0.0536 0.0451 0.0440

Yield displacement increased in both directions but at markedly different rates:
dy rose 46% in Y (21.71 — 31.77 mm) against 203% in X (22.42 — 67.90
mm). Yield base shear diverged further

— up about 92% in X from H8 to H12 (peaking at H10 before declining), down
about 8% in Y over the same range. Target displacement rose by comparable
margins in both directions (54% in X, 55% in Y), while target base shear stayed
nearly constant (under 1% in X, about 3% in Y). Ultimate displacement rose
38% in X and 46% in Y; ultimate base shear rose about 13% in X and 6% in Y.
The ductility ratio stayed essentially flat in Y (n = 15 across all heights) but fell
56% in X, from p = 16 at H8 to u = 7 at H12. Spectral acceleration fell about
35% in both directions across this height range.
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Figure 2: Capacity Curves and Limit States for H8, H10, and H12 Models: a)
X-direction, b) Y-direction
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In both directions, the H8 curve has the steepest initial slope, consistent with its
lowest yield displacement (22.42 mm in X, 21.71 mm in Y), reaching a distinct
peak followed by a mild plateau and slight softening beyond roughly 280-300
mm. The H10 and H12 curves start with progressively lower initial stiffness and
yield further right (57.79-67.90 mm in X; 26.69-31.77 mm in Y), reflecting the
added flexibility of the taller configurations. Beyond about 350-400 mm
displacement, the H10 and H12 curves cross above the H8 curve and continue
rising, ultimately reaching the highest peak base shears of the three (Vmax =
6931-7368 kN in X; 6049—6169 kN in Y). The target points for all three
configurations cluster within a narrow base-shear band (~2034-2077 kN in X;
~1922-1981 kN in Y) despite occurring at increasingly larger displacements
with height, placing the target point on the near-flat, post-yield segment of the
capacity curve in every configuration.

3.3 Milestone Response and Drift Concentration

Table 5 compares plastic-hinge performance states between beams and columns
at ultimate displacement (du) for all three models.

Table 5: Element-based Performance at Ultimate Displacement.

Model / Dir. (X/Y) Element Type Total hinges A—1I0 I0—=LS LS—CP =CP

HS 496 496 (100%) 0 0 0
X/Y ' 496 (100%) 0 0 0
H10 Beams 620 620 (100%) 0 1] 0
X/Y - 620 (100%) 0 0 0
H12 ik 744 (100%) 0 0 0
XY e 744 (100%) 0 0 0
HS -— 265 (82.8%) 28 (R.8%) 0 27 (8.4%)
X/Y ne 274 (85.6%) 31 (9.7%) 5 (1.6%) 10 (3.1%)
H10 Columns i 350 (87.5%) 24 (6.0%) 4 (1.0%) 22 (5.5%)
X/ 354 (88.5%) 28 (T.0%) 5 (1.3%) 13 (3.3%)
H12 430 433 (90.2%) 34 (T1%) 2 (04%) 11 (2.3%)
X/Y 434 (90.4%) 27 (5.6%) 6 (1.2%) 13 (2.7%)

Beam hinges remain entirely within A—IO in every model and direction —
none reach even minor yielding at du. Column response is bimodal: 82.8-90.4%
of hinges remain within A—IO, but a small, localized fraction (2.3-8.4%)
exceeds Collapse Prevention, and it is this fraction that governs the overall
column performance level. All three models show the same qualitative pattern;
they differ only in where along the height that fraction concentrates.

Table 6 summarizes the step, displacement, base shear, and hinge distribution at
ot and ou for all three models. Because the analytical ot rarely coincides with a
discrete ETABS output step, the closest sequent step (equal or slightly larger
displacement) is reported.
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Table 6: Hinge States at Target and Ultimate Displacements.

Model / dir. Milestone Disp. (mm) Base shear (kN) A—B B—C C—=D A—I0 I10—=LS LS—=CP >CP

HS X o 72.64 2240.4 710 106 0 816 0 0 0
iy 339.60 G245.6 462 M7 7 761 28 0 7

HR Y 8¢ 74.03 2162.6 713 103 ] 816 ] 0 ]
i &y 326.57 4832.5 485 321 10 770 3l 5 10
H10 X 8¢ 97.60 2400.7 806 124 0 1020 1] 0 0
- by, 459.31 6931.4 639 358 23 a70 24 1 22

HI0 Y i 85.74 1945.4 896 124 ] 1020 0 0 0
dy 403.52 6049.3 G617 391 12 974 28 5 13

H12 X d; 116.80 2337.1 1072 152 ] 1224 0 0 0
s &, 496.33 T3068.2 772 448 4 L1177 3 2 11
HI2 Y 4 104.61 1913.1 1074 150 ] 1224 0 0 ]
- &y 476.28 6169.3 756 462 i 1178 27 G 13

At ot, every model and direction remain entirely within A—IO: no hinge
crosses the B-C (yielded) boundary while staying outside the Immediate
Occupancy limit, and 12-13% of hinges have started to yield (106/816 in HS,
124/1020 in H10, 152/1224 in H12, X-direction). First yield occurs much earlier
— at 3.8-15.9% of du, engaging under 2% of hinges — with Y generally
yielding first, though H10 shows near-identical yield onset in both directions;
the stiffer X-direction then accumulates B—C hinges faster. Peak base shear is
reached at 80-100% of ou across all cases; the X-direction retains a 17-20%
post-peak displacement margin in H8 and H10, while H12 and both Y-direction
cases reach peak strength concurrently with, or just before, the ultimate limit. At
du, hinges beyond Collapse Prevention (>CP) remain a small fraction of column
hinges in every case (2.3-8.4%), consistent with Table 5.

Figure 3 shows the height-wise inter-story drift ratio (IDR) profile for each
model at ou, plotted against the ASCE 41-17 thresholds for Immediate
Occupancy (1%), Life Safety (2%), and Collapse Prevention (4%).

Y-dir.
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In every model, drift below the transition story stays uniform and well-
controlled (1.0-1.8%, within Life Safety limits), while a sharp, single-story
spike develops at the first story above the column-size transition: Story 5 in H8
(peak IDR 4.24% X / 3.92% Y), Story 6 in H10 (4.61% X / 3.80% Y), and
Story 7 in H12 (2.62% X / 3.63% Y). Above the spike, drift falls rapidly,
dropping

below the 1% IO limit within one to two stories. The peak drift is more severe
in the stiffer X-direction for H8 and HI10 but reverses in H12, where the Y-
direction governs.
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The hinge maps corroborate the drift profiles directly. In every model, hinges
beyond Collapse Prevention (red markers) cluster at the column ends of the
story immediately above the transition, while lower stories show only moderate
yielding within IO-LS (green markers) and the stories above the spike remain
essentially undamaged. A secondary, smaller concentration of >CP hinges also
appears at the base columns, mainly in the X-direction, but it does not govern
the global drift profile in any model. Beam elements show no inelastic action
beyond 10 anywhere in the elevation, confirming the strong-beam, weak-
column behavior already evident in Table 5.
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4. Discussion

4.1 Period Elongation and Directional Ductility Trends

The dynamic response of these OMF structures is governed chiefly by overall
flexibility, total height, and plan aspect ratio — (H/B)X versus (H/B)Y. As
height increases from 8 to 12 stories, fundamental periods elongate from 1.76 s
to 2.70 s. Under Tripoli's design spectrum, this shift moves structural demand
into the constant-velocity and constant-displacement spectral regions, where
spectral accelerations drop below 0.07g. Despite the absence of seismic
detailing, all three heights satisfy ASCE 41-17 Immediate Occupancy criteria at
ot.

Beyond its effect on stiffness and period, plan aspect ratio also governs the #fype
of lateral deformation each direction develops. Aspect ratios below
approximately 1.5 are associated with squat, shear-influenced response, where
stiffness dominates and inelastic action concentrates rapidly at low drift; ratios
above approximately 2.5 are associated with slender, flexure-dominated
response, where deformation distributes more gradually through curvature and
rotation; the intermediate 1.5-2.5 range reflects a transitional zone combining
both mechanisms [26]. This framework, established for RC wall behavior,
extends naturally to describe the global deformation character of the frame
system here, since it is the same height-to-width geometry that governs how
lateral stiffness and inelastic demand distribute across the structure. The
nonlinear capacity metrics reveal a clear directional divergence in displacement
ductility (p), consistent with this contrast in orthogonal aspect ratios:

I. Y-direction — ductility holds steady. Along the narrower Y-axis,
aspect ratios ((H/B)Y = 1.63-2.43) fall within the moderate-to-slender
range, where flexural action increasingly governs the response as height
increases. This added global flexural slenderness lets inelastic rotations
distribute more uniformly across stories before hinges degrade severely.
Yield (dy) and ultimate (0u) displacement scale up together, holding
global ductility near pY = 15.0 across all three heights.

2. X-direction — ductility degrades. Along the wider, stiffer X-axis,
aspect ratios ((H/B)X = 1.11-1.66) remain largely below the moderate
threshold, placing the system's global response closer to the shear-
influenced regime. Lower aspect ratios drive rapid base shear
accumulation at low drift, consistent with stiffness-dominated behavior.
As height increases, P-A moment magnification under heavy gravity load
accelerates column yielding: initial yield displacement jumps 203% (22.4
mm at H8 to 67.9 mm at H12), while ultimate displacement capacity rises
only 38%. System ductility (uX) falls 56% as a result, from 16.0 to 7.3.

This X-direction ductility loss reflects the combined effect of a shear-influenced
global deformation mode, greater initial stiffness, and secondary P-A
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magnification: as taller frames displace laterally, gravity loads acting through
larger roof drifts accelerate column yield initiation without a matching gain in
ultimate displacement capacity.

4.2 Localized Soft-Story Failure at Column Section Transitions

All three models show a persistent strong-beam/weak-column pattern. The 300
x 500 mm dropped beams are stiff relative to the supporting columns; because
members were sized for gravity combinations alone, beams carry substantial
reserve flexural capacity while columns have little moment reserve under lateral
racking.

Damage is not distributed uniformly up the height — it concentrates sharply at
the story immediately above the column-section transition (~60% of total
height). In H8, for example, interior columns step from 600 x 600 mm (Stories
1-4) to 500 x 500 mm (Stories 5-8), cutting the gross moment of inertia (Iug)
of interior columns by 51.8%. Story shear decreases gradually with height, but
column flexural and shear capacity drop discretely at this boundary. The
resulting stiffness and strength step forces inelastic deformation to concentrate
at the top and bottom of columns in the transition story — Story 5 in H8, Story
6 in H10, Story 7 in H12. As roof drift pushes into the post-yield range, hinges
in these transition columns rapidly exceed Collapse

Prevention (>CP), forming a mid-height soft-story mechanism while the
surrounding stories remain comparatively undamaged.

4.3 Engineering and Policy Implications for Local Construction

These findings carry three practical implications for structural practice and code
development in Tripoli and similar North African cities:

1. Compliance reflects period elongation, not systemic ductility. Gravity-
designed OMF buildings up to 12 stories meet ASCE 41-17 Immediate
Occupancy criteria under Tripoli's moderate MCER spectrum, but that
compliance depends heavily on period elongation reducing spectral
demand — it does not indicate genuine systemic ductility.

2. Mid-height column transitions need targeted inspection. Field
inspection typically focuses on ground-story columns, but this study
shows that for mid-rise frames with a stepped column schedule, damage
concentrates at the mid-height transition instead. Retrofitting measures
such as FRP jacketing should prioritize these mid-height column-beam
connections.

3. A practical height limit for gravity-designed OMFs. The severe X-
direction ductility loss at 12 stories suggests that extending this typology
— solid slabs on dropped beams, OMF detailing — beyond 12 stories in
SDC C/D zones carries an unacceptable risk of soft-story formation under
stronger ground motion.
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5. Conclusions

Compliance at target demand. The 8-, 10-, and 12-story RC OMF buildings
studied here, with solid slabs on dropped beams, satisfy ASCE 41-17 Immediate
Occupancy criteria under the unreduced MCER spectrum: at ot, zero plastic
hinges exceed the 10 threshold in any configuration.

1. Weak-column mechanisms dominate. Inelastic behavior across all three
models is governed entirely by column hinging. The heavy 300 x 500
mm dropped beams stay elastic (A—I10) up to ultimate displacement,
which prevents the more desirable beam-sway mechanism from
developing.

2. Damage concentrates at the mid-height soft story. Stepping column
dimensions down once at roughly 60% of building height creates a sharp
stiffness and strength discontinuity. Inter-story drift peaks at 2.62-—4.61%
at this transition story, and plastic hinging beyond Collapse Prevention
concentrates almost exclusively in these transition columns.

3. Ductility loss is height- and direction-dependent. Fundamental periods
elongate roughly linearly with height. Displacement ductility along the
weaker Y-axis stays stable (u = 15.0) across all heights, but ductility
along the stronger X-axis drops from 16.0 at 8 stories to 7.3 at 12 stories,
driven by a sharp rise in yield displacement rather than a loss of ultimate
capacity.

4. Gradual column reduction is needed. Abrupt single-step reductions in
column size should be avoided in mid-rise frames. Column sections
should change gradually over the height. This distributes drift more
uniformly and prevents soft-story failure.
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