African Journal of Advanced Pure and Applied
o .2, Sciences (AJAPAS)
L o' W Online ISSN: 2957-644X
“- I =" Volume 5, Issue 3, 2026
AJAPAS Page No: 279-289

Website: https://aaasiournals.com/index.php/aiapas/!ndex
ISI1 2025: 1.126 SJIFactor 2024: 6.752 1.62 sl A Jalaa

A Multi-Criteria Methodology for Geometric Redesign and
Traffic Efficiency Enhancement of the Misrata Port Entrance:
A Case Study

Abdulmonem Alkabeer **, Mahmod Aldeek ?
12 Department of Civil Engineering, Faculty of Engineering, Misurata University, Libya

143 pua £lisa JAdal 4y g yall BN Gty oaudigl) asanail) BSY pulaal) Basia dngia
aa Z\.ubd

2 «ﬂm]\ 2 gadna 1 _)JJSS\ ?a_'ml\ e
L) (A1 o el cigl) AIS cisinall doigl) and 21

“Corresponding author: menem.kabeer@eng.misuratau.edu.ly

Received: May 04,2026 | Accepted: August 04, 2026 |  Published: August 13, 2026

Abstract

Port entrances represent critical nodes within transportation networks due to the interaction between heavy
vehicle movements and passenger vehicle traffic, which can negatively affect operational efficiency, increase
delays, fuel consumption, and vehicle emissions. This study aims to develop a multi-criteria framework for the
geometric redesign and traffic performance improvement of the Misrata Port entrance in Libya.

The proposed methodology is based on three integrated components. First, a comparative geometric evaluation
was conducted between the originally planned conventional design, represented by a traditional roundabout, and
the proposed unconventional alternative using Multi-Criteria Decision Analysis (MCDA). Second, the traffic
control system of the intersection associated with the port entrance was assessed according to the traffic signal
warrants specified in the Manual on Uniform Traffic Control Devices (MUTCD). Third, microscopic simulation
models were developed using PTV VISSIM to evaluate the operational performance of both designs based on
key performance indicators, including control delay, travel time, average speed, and number of stops.

The results of the multi-criteria evaluation demonstrated the superiority of the proposed design, achieving a
weighted score of 75% compared with 25% for the conventional design, owing to its higher capability in
improving capacity, and enhancing operational flexibility. Furthermore, the traffic control assessment revealed
that the intersection located after the port gate does not satisfy the warrants for traffic signal installation
according to MUTCD 2009, supporting the implementation of a simpler and more efficient control strategy. The
microscopic simulation results confirmed that the proposed design achieved substantial improvements in
operational performance. Control delay was reduced from 49 to 5.3 seconds per vehicle, representing an
improvement of 89.2%, resulting in an enhancement of the Level of Service (LOS) from D to A. Additionally,
total travel time decreased by 60%, the number of stops was reduced by 91.3%, while the average operating
speed increased by 46.6%. The study concludes that integrating geometric redesign, decision analysis tools, and
microscopic simulation provides an effective framework for supporting engineering decisions related to port
entrance improvements, particularly in environments characterized by high proportions of heavy vehicles and
complex traffic patterns.
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