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Gharyan University Journal of Engineering Sciences-(GUJES)
Editor-in-Chief’s Message

With praise to Allah and His guidance, we are pleased to present to our esteemed
readers of the first issue of Gharyan University Journal of Engineering Sciences-
(GUJES). This journal launchedd today as a peer-reviewed scientific publication
dedicated to the dissemination of research studies, and scholarly articles across
various engineering disciplines—ranging from civil, architectural, mechanical, and
electrical engineering, to petroleum, computer, materials, and metallurgical
engineering, and other modern engineering fields.

The publication of this journal comes in response to the urgent need for a scientific
platform that promotes a culture of research and innovation, encourages the
exchange of knowledge and expertise among academics, professionals, and
students—both within Gharyan University and beyond— and contributes to advancing
technological and research development in our country.

From its inception, the (GUJES) has been committed to the highest standards of
academic quality in terms of research review, content diversity, and publishing
transparency. We strive to ensure that the journal stands as a reputable scientific
platform for Gharyan University, contributing to sustainable development and
providing innovative engineering solutions to the challenges faced by researchers and
industry professionals alike.

This inaugural issue marks only the beginning of an ambitious journey—one we hope
will continue to grow with your valuable support and contributions, whether through
submitting research, engaging with published ideas and experiences, or offering
suggestions and recommendations that enhance the journal’s progress.

In conclusion, we extend our sincere thanks and appreciation to all those who
contributed to the success of this issue: the editorial board, academic reviewers,
researchers, and everyone who believed in this scientific initiative.

We pray for continued success and that the Gharyan University Journal of Engineering
Sciences (GUJES) becomes a distinctive and impactful addition to the field of
specialized scientific publications.
Peace and blessings be upon you.

Editor-in-Chief
Gharyan University Journal of Engineering Sciences-(GUJES)
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Abstract

With the growing demand for fast and reliable telecommunications infrastructure, deploying a Long-
Term Evolution (LTE) network has become a necessity to support both economic and social development. This
paper presents three proposed layouts for designing an LTE network in the downtown area of Gharyan, which
represents the city’s central and most densely populated zone. The project was motivated by the uneven
distribution of coverage across the area, where several locations experience either a complete lack of service or
very weak signal reception. The aim is to support the city’s digital transformation by improving access to mobile
internet and data services, which in turn enhances business performance, emergency response, public service
efficiency, education, remote learning, telemedicine, and remote work opportunities. To implement this plan, the
design process relied on Mentum Planet software, a tool specialized in mobile network planning, using real-world
terrain and signal data provided by Almadar Company. Three different network layout designs were simulated
using two built-in propagation models: the Planet General Model (PGM) and the Q9 model. These simulations
were conducted to assess signal strength and coverage across the study area. The analysis showed that one of the
layouts provided significantly better signal quality and broader coverage compared to the others. Moreover, the
Q9 model proved more reliable in predicting signal behavior in densely built urban settings. Based on these
findings, a set of technical recommendations has been developed to guide the future implementation of LTE
networks in similar environments, while also addressing challenges such as terrain variations, signal interference,
and infrastructure limitations. In conclusion, this work contributes to enhancing telecommunications services in
Gharyan and supports broader efforts toward innovation and digital inclusion across key sectors in the region.

Keywords: LTE, 4G, Q9, PGM, Mentum Planet

1. Introduction

Telecommunication technology has witnessed remarkable advancements over the past
decades, evolving from the first generation (1G), which was limited to voice communication,
to the fourth generation (4G), which introduced high-speed data transmission and low latency.
This transformation was driven by the growing demand for modern applications that require
fast and reliable connections, such as high-definition video streaming, online gaming, and
augmented and virtual reality applications. In this context, 4G LTE technology has become a
cornerstone of modern digital infrastructure, offering enhanced performance and greater
flexibility, particularly in densely populated areas. [1]

Despite these capabilities, several technical challenges remain especially those related to
coverage quality, efficient resource distribution, and signal loss that continue to affect overall
network performance. The core research problem lies in the need for accurate models capable
of predicting signal losses (Path Loss) in 4G networks, which is crucial for improving network
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planning and operational efficiency. Relying on unsuitable or randomly selected models may
lead to weak coverage, increased interference, and a significant decline in network
performance. The importance of this study stems from the widespread reliance on 4G networks,
particularly in regions that have not yet transitioned to fifth-generation (5G) systems. As a
result, any enhancement in the design of 4G networks has a direct impact on service quality
and communication reliability, especially in the face of rising demand for wireless
connectivity. Furthermore, the outcomes of such studies can serve as a foundational reference
when planning for future network generations.

This study primarily aims to develop an efficient and well-structured coverage plan for a 4G
network within the target area, with a focus on optimizing coverage distribution and
minimizing signal losses. As part of this objective, four different mathematical models will be
applied to calculate path loss. The process involves substituting data into each model’s
equations to compare the outcomes and identify the model that results in the smallest possible
cell radius ensuring efficient network design. Following this theoretical phase, the study will
move to the practical simulation stage using the Mentum Planet software, where the Q9 and
PGM models will be employed to simulate the network’s real-world performance. The results
will then be presented and discussed in detail in the Results and Discussion section, followed
by the Conclusion, which summarizes the key findings and offers recommendations for
improving future network planning.

2. Planning a 4G LTE Networks

The process of planning a 4G LTE networks is a vital step in achieving optimal
performance and ensuring the necessary coverage, required capacity, and expected quality for
end users. This planning process relies on analyzing a range of technical and operational
factors, such as identifying optimal locations for base stations, analyzing technical
requirements, and assessing user behavior patterns. The tool used in this study is "Mentum
Planet,” which is considered one of the leading tools in the field of wireless network planning.
This tool provides a range of functions that assist in designing, analyzing, and optimizing 4G
LTE networks. For the theoretical models for Path Loss, the signal strength decreases due to
the path distance, operating frequency, weather conditions, indoor environments, reflection,
diffraction, scattering, free space loss, and absorption by environmental objects. It is also
affected by different environments (such as urban, suburban, and rural areas, forests, seas, etc.).
Differences in the height of the transmitting and receiving antennas also result in losses. [2].
This is where theoretical models for signal attenuation come into play, as they are an essential
part of the planning process for 4G LTE networks. These models describe the behavior of the
signal as it is transmitted from the transmitter to the receiver [2], helping to estimate signal
loss. From this, one can gain insights into permissible path loss and the maximum cell range.
There are several models used to calculate path loss, this paper discusses only four models,
which are:

1. Free Space Path Loss Model [3].

2. Okumura-Hata Model [4].

3. Cost 231 Hata Model [5].

4. Lee Model [5].
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For comparison of Signal Loss Estimation Models, Table 1 presents the results related to Path
Loss derived from the preceding headings and the distance between the transmitter and
receiver, with the received power fixed at —90 dB,,,. This value is considered excellent for
achieving good coverage in the downtown city. Additionally, the calculations are based on the
following parameters: f = 1800 MHz, transmitter power = 46 dB,,, height of the base
station (h;) = 24 m, and height of the receiver (h,) = 1.5m It is also taken into account
that the city is urban. In the following table, B. denotes the received power.

Table 1: Path Loss and Distance Measurements for Urban Coverage

Models d=0.75 Km d = 1.03Km d=2.89Km
Okumura-Hata P, =—85.15dB,, | P.=-90.09dB, | P.=-106.16dB,,
Cost 231-Hata P.=—-90.10dB,, | P.=-9504dB, | P.=-111.11dB,
Lee P.=—68.46dB,, | P.=-73.53dB, P, = —90.02 dB,,

It is noted that the COST 231-Hata model predicts the highest loss among the models
mentioned earlier, followed by the Okumura-Hata model and then the Lee model. Therefore,
in this paper, the COST 231-Hata model will be taken into account to ensure the best possible
coverage.

3. Simulation and Calculations

Simulation is a vital tool in network planning, allowing engineers to understand network
behavior under various conditions and assess potential performance. the simulation process
using Mentum Planet, a powerful tool in the field of wireless network planning, as shown in
figure 1, which shows the main interface of Mentum Planet presenting the map of downtown
of Gharyan city.

; 7 ) “.': L A g \ & \\:?‘ - e
: if Wt N ) 1 AT
(] > \ / i\ 7
mentum sy O 3ol Jé' \ 7 o5 Il[‘
= Planet /4 \ A
f [ PREYT 3 } W\

Figure 1: Main Interface of Mentum Planet showing map of downtown of Gharyan city
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e Study Site Survey:

The downtown area is located in the middle of Gharyan city, characterized by high
population density, especially during peak hours around noon. While its area is approximately
6.13 Km?. By implementing three different scenarios of a 4G network for the central area
downtown of the city and comparing the results derived from them. Figure 2 (a) shows the
downtown map as captured from Google Earth, While the Figure 2 (b) illustrates the elevation
of the study area using Global Mapper.

& B\ - Wi

(@) (b)
Figure 2: (a) Map of city downtown via Google Earth, (b) Digital Elevation Grid Format in Global Mapper

By assuming the radius (R) of the antenna, based on the results of the Cost 231-Hata model,
which is 0.75 Km, the number of antennas needed can be calculated easily by calculating the
area covered by an antenna with 3 scatterers, using the following formula: [6]

A=28,p (1)

In this case:

9 x+/3
A= 3 * (0.75)2 = 1.096Km?

From this, and from the approximate area of downtown (6.13 Km?). It is possible to determine
how many antennas are needed to cover the area, as shown:

No.of attenas = 2 _ 5593~ 6 2
1.096

From the comparison between the previous used models, Cost 231 Hata model was found to
be the most accurate in predicting path loss. For enhancing the network efficiency, its results
were taken into account by using the distance it predicted when the received power was -90
dBm. However, Simulations will not be conducted using this model; instead, other existing
models from Mentum Planet, which are more complex, realistic, and continuously evolving,
will be used. These models include:
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¢ Planet General Model (PGM):

The Planet General Model is a vital tool for cellular network planning, operating within
a frequency range of 150 to 2000 MHz. It is effective for distances from 1 to 100 km, with
base station antenna heights ranging from 30 to 1000 meters and mobile station antenna
heights between 1 and 10 meters. This model contributes to estimating signal propagation,
ensuring adequate coverage, and optimizing antenna locations based on terrain profiles,
making it an ideal choice for cellular network design and given as [7]:

Pry = Prx + K; + K, log(d) + K; log(Heff) + K, Dif fraction
+ Kslog(Hepp) log(d) + Ke(Hpmers) + Kerurrer (3)
Where:

PRy is the receive power in dBm.

Py is the transmit power (ERP) in dBm.

K is the constant offset in dB.

K, is the multiplying factor for log(d).

K is the multiplying factor for log(H,fr). It compensates for gain due to antenna height.
K, is the multiplying factor for diffraction calculation.

K5 is the Okumura-Hata type of multiplying factor for log(H,.f) log(d).

K is the correction factor for the mobile effective antenna height gain (K¢Hypefr).

d is the distance, in meters, of the receiver from the base site.

H sy is the effective height of the base site antenna from the ground.

Diffraction is the value calculated for loss due to diffraction over an obstructed path.
The value produced is a negative number, so a positive multiplication factor, K, is required.
K crurrer 1S the gain in dB for the clutter type at the mobile position in Planet DMS. In Mentum
Planet, K¢, yrrEr represents a loss.

H 55 is the mobile effective antenna height.

o Q9 Model:

The Q9 model is used to estimate expected path loss between the transmitter and receiver
based on terrain profiles. This model is based on the Okumura-Hata model and is particularly
effective for frequencies ranging from 150 to 2000 M Hz and distances from 0.2 to 100 km
and given as [8]:

L, = HOA + mk[mobile] + \/(a x KDFR)% + (JDFR)? (4)
HOA = Ay + Ay1 + A, log(HEBK) + Az log(d) log(HEBK) — (3.2 [log (11.75hm)]? + g(F)) (4)
Ay = A xlogd (5)
g(F) = 44.491logF — 4.78(log F)? (6)
Where:

Ly, is the pathloss.

mk[mobile] is the land use code at the mobile in dB.

a is a parameter related to the knife-edge diffraction.
|
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KDFR is the contribution from knife-edge diffraction in dB.

JDFR is the diffraction loss due to the spherical earth in dB.

HOA (Hata Open Area) is a variant of Okumura-Hata's equation in dB.

HEBK is the effective antenna height in meters as defined in the Q9 propagation model.
d is the distance from the base antenna to the mobile in Km.

Ay, A4, Ay, Azare Q9 model tuning parameters.

Two scenarios are taken inconsideration, each using one model (PGM or Q9 model).
Additionally, there will be three layouts with the same antenna height, bandwidth, and receiver
height, while differing in the location, number, and angles of the sectors. Table 2 presents the
input data used.

Table 2: Input data
Frequency | Base station height Receiver height
1800 MHz 24m 1.5m

Layout 1: In this layout, six antennas were utilized and distributed to cover the entire study
area, as shown in Figure 3 (a). The angles of each sector were adjusted to avoid interference,
as detailed in Table 3.

Layout 2: This layout focused on the upper part of the area, which has the highest population
density and a greater number of buildings, using six antennas as illustrated in Figure 3 (b). The
angles of each sector were also adjusted as indicated in Table 3.

Layout 3: The number of antennas was increased to a total of nine to strengthen coverage not
only in the upper area but across the entire study area, as shown in Figure 3 (c). This layout can
be utilized in the future when obstacles increase and capacity needs to be expanded. The angles
of each sector were adjusted as shown in Table 3.

@ (b) (©)
Figure 3: Antenna Distribution of (a) Layout 1 (b) Layout 2 (c) Layout 3
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The following table shows the angles of each sector adjusted to avoid interference for all three
layouts.

Table 3: Sector Angles for each of Layout 1, Layout 2 & Layout 3

Layout 1 Layout 2 Layout 3

No. of antennas Azimuth Azimuth Azimuth
1 50 170 290 50 170 290 50 170 290
2 50 170 290 50 170 290 50 170 290
3 50 170 290 50 170 290 50 170 290
4 10 120 285 40 140 290 50 170 290
5 50 170 290 50 170 290 50 170 290
6 50 170 290 50 170 290 50 170 290
7 50 170 290
8 50 170 290
9 50 170 290

4. Results and Discussion

PGM Scenario: In this scenario, simulations were conducted using PGM for all layouts, and
the results of each layout were presented in an image that illustrates the signal strength across
the area with color codes as shown in figure 4. Additionally, there is an accompanying image
that features a table displaying the received power percentage for each range throughout the
entire area.

Q9 Scenario: this scenario, simulations were conducted using the Q9 model for all layouts,
and the results of each layout were presented in an image that uses color coding to illustrate
the signal strength across the area as shown in figure 5. Additionally, there is a subsequent
image that features a table detailing the received power percentage for each range throughout
the entire area.

Coior = falu
] 115 a ©%) I
I -105 216 (132%) I
I 105 -95 1532 (949%) N
I o5 -85 5805 (3653 %) NN
I 1
I I
L L]

-85 -75 7076 (4384%)
75 -65 1214 (7.52%)
-65 -55 184 (1.14%)
-55 -45 21 (0.13 %)

ol [l SN
FEEIEEICEIEE

Figure 4: Coverage by Signal Level According to PGM model for (a) Layout 1 (b) Layout 2 (c) Layout 3

COPY RIGHT © GUIJES VOL. NO. 1, ISSUE NO.1, MARCH
2025


http://gujes.gu.edu.ly/
mailto:gujes@gu.edu.ly

Gharyan University Journal of
Engineering Science (GUJES)

Website: http://gujes.gu.edu.ly
email: gujes@qu.edu.ly

< Count: < Count >=Value Value Count Color
120 a1 0 [ s [] [E] D 120 115 o (03%) 1
1 -ins 0 0% 105 [] 0% I s -105 o (0%) I
105 5 s exn I 05 o M B I -105 95 72 (045 %) I
= = C YL I &5 81 42y I o5 -85 839 (52%) | I
&5 -5 296 [(29% 5 s 2500 (1549%) -85 -75 1784 (11.05 %)
7 = et @FEEY I 5 ] 988 (61275 |  Im=H -65 8924 (55.20%)
* = zZ8  uen I -5 55 253 [1749%) . -5 -55 4214 (2611%) N
- ™ any I 5 ] L ) I S -45 300 (.86 %) | I
(a) (b) (©

Figure 5: Coverage by Signal Level According to Q9 model for (a) Layout 1 (b) Layout 2 (c) Layout 3

Overall, the PGM was the most accurate in predicting losses. There were differences between
the results of the first and second layouts, despite using the same number of antennas and
having very similar antenna locations. The following tables illustrates the percentage of
received power between —95 dB,,, and —115 dB,, for each layout (The values were taken
based on the previous mention that the minimum acceptable value for the received power is
—90 dB,,. Therefore, a comparison was made between the smaller values)

Table 4: Comparison Between Layouts in Terms of Signal Level According to both models

Planet General Model Q9 Model
-95dB,, & -105dB,, & -95dB,, & -105dB,, &
—105 dB, —115 dB,, —105 dB,, —115 dB,,
Layout 1 8.28 % 0.66 % 0.34 % 0%
Layout 2 11.16 % 0.71 % 0.33 % 0%
Layout 3 9.49 % 1.34 % 0.45 % 1%
12
10
8
X 6
4
2
0 EQ9-105_-115dBm2 ®PGM -105 _-115 dBm2
Layout 1 Layout 2 Layout 3

®Q9-95_-105dBm ©PGM-95 _-105 dBm

Figure 6: Error Rate Comparison Across Layouts and Signal Conditions for PGM and Q9 Models
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The results predicted by the Q9 model were also quite good for all layouts, where the
percentage of received power above —95 dB,,, was very low. The best design is layout 1 in
terms of the PGM, which is slightly better than layout 2 and also less costly than layout 3,
which used more antennas than necessary. As shown in figure 6, the comparison was made
based on the percentage of received power between —95 dB,, and —115 dB,,,, where values
below —95 dB,, are considered very good. There is a significant difference between the Cost
231 Hata model and the results from the models used by Mentum Planet, with the Q9 model
being the closest to the Cost 231-Hata model.

In conclusion, one might wonder why the capacity was considered as well. The answer to this
question is that the goal of this paper is to provide good receiver power throughout the study
area downtown of Gharyan city. Additionally, the OFDMA technology is capable of providing
substantial capacity, this means that it can be relied upon in terms of capacity.

5. Conclusion

The objective of this paper has been achieved, as it was able to provide a comprehensive
plan for the downtown area of Gharyan city to ensure excellent coverage with the least number
of antennas. By concluded that the location, height, and number of antennas, as well as the
direction of each sector, all affect coverage and the level of loss in received power. It is also
shown that the increasing of number of antennas is not always the solution. When three
antennas were added, representing a significant increase, the total became nine antennas;
however, the results were not as expected. The received power levels did not improve
significantly within the optimal range of —45 dB,, to —65 dB,,. This emphasizes that good
planning and thorough study of the area to identify the best possible locations for antennas is
crucial, and it can save a lot of money by minimizing the number of antennas used.

One of these planning models could serve as a foundation upon which a company may build
and improve to ultimately achieve the optimal network design.
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Abstract

> omprehensive study presents a detailed thermal load assessment and energy efficiency analysis of school
buildings in Gharyan, Libya, with a focus on sustainable energy solutions and climate-responsive design
strategies. The research addresses the critical gap in energy-efficient building practices in Libya's educational
sector, where 95% of public schools rely exclusively on natural ventilation systems. Through rigorous thermal
modeling and performance analysis of a representative two-story school building (910 m2), this study quantifies
heating and cooling loads while evaluating the potential impact of cost-effective energy efficiency measures. The
methodology employs established ASHRAE standards and thermal analysis techniques to assess building
performance under Libya's hot-arid climate conditions. Key findings reveal that infiltration accounts for the
highest thermal loads, while lighting and equipment contribute minimally to overall energy consumption.
Implementation of comprehensive energy efficiency measures—including wall and roof insulation upgrades and
high-performance window replacements—demonstrates a significant 25% reduction in total building thermal
loads. This research contributes to the growing body of knowledge on energy efficiency in educational buildings
within developing countries, particularly in North African contexts. The study's findings support Libya's
renewable energy targets of achieving 4GW capacity by 2035, representing 20% of the national energy portfolio.
The proposed energy efficiency framework provides actionable insights for policymakers, architects, and
educational administrators seeking to optimize building performance while reducing operational costs and
environmental impact.

Keywords: Thermal Load, Energy Efficiency, School Building, ASHRAE standards

1. Introduction
The building sector represents one of the most significant contributors to global energy

consumption and greenhouse gas emissions, accounting for approximately 40% of worldwide
energy use and 36% of energy-related Co, emissions [1]. This challenge is particularly acute
in developing countries, where rapid urbanization and population growth drive increasing
demand for educational infrastructure. Libya, with its population of seven million and
substantial oil reserves, faces unique energy challenges that necessitate a comprehensive
approach to building energy efficiency.

Libya's energy landscape has been profoundly affected by political instability and conflict since
2011, resulting in chronic electricity shortages that reached 32.5% in 2023 [2]. Despite

possessing Africa's largest proven oil reserves, the country's electricity grid struggles to meet
I ———
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growing demand, with most power plants relying on natural gas (67%) and oil (33%) for
generation [3]. This energy crisis has been exacerbated by port blockades and civil strife,
leading to massive power outages that severely impact educational institutions and other
critical infrastructure.

The educational sector in Libya faces particular challenges regarding energy efficiency and
indoor environmental quality. Most public secondary schools in the country are obsolete in
energy terms, with 95% relying exclusively on natural ventilation to maintain classroom
comfort and ensure adequate indoor air quality [4]. This reliance on passive cooling strategies,
while culturally appropriate, often fails to provide optimal learning environments during
extreme weather conditions, potentially impacting student health, comfort, and academic
performance.

2. General Overview

2.1 Libya’s Renewable Energy Potential and Policy Framework
Libya possesses exceptional renewable energy potential, particularly in solar and wind

resources. The country receives solar radiation reaching 2,300 kWh/m?/year with sunshine
duration of 3,500 hours annually [5]. Despite this abundant natural resource, renewable energy
sources represent only 3% of the total energy supply according to the International Renewable
Energy Agency (IRENA) [6]. This significant underutilization of clean energy resources
presents both a challenge and an opportunity for sustainable development.

Recent policy developments indicate a growing commitment to renewable energy
diversification. The Renewable Energy Authority of Libya has established ambitious targets,
including achieving 10% renewable energy in the national power mix by 2025 and generating
4GW of renewable capacity by 2035, representing 20% of the total energy portfolio [7]. Major
projects, such as the 500MW Sadada solar project in partnership with TotalEnergies, are
currently in final development stages, with construction expected to begin in 2025 [8]. Figure
1 represents Libyan current energy mix (2024) and 2035 Libyan target energy mix.

Libya Current Energy Mix (2024) Libya Target Energy Mix (2035)

Figure 1: Libyan current and target energy mix
|
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2.2 Energy Efficiency in Educational Buildings: Global Perspectives
The importance of energy efficiency in educational buildings extends beyond mere cost savings
to encompass student health, learning outcomes, and environmental sustainability. Research
by Kajjoba et al. (2025) emphasizes that buildings failing to meet thermal comfort requirements
tend to consume significantly more energy for heating and cooling applications, further
exacerbating energy poverty in tropical and arid regions [9]. This relationship between thermal
comfort and energy consumption is particularly relevant in Libya's hot-arid climate, where
cooling demands dominate energy use patterns.
International studies have demonstrated the substantial potential for energy savings in
educational facilities through comprehensive efficiency measures. The American Society of
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) reports that energy-
efficient design, construction, and operation can dramatically reduce building net energy use
and associated greenhouse gas emissions [10]. ASHRAE consensus standards and design
guides provide the technical foundation for international building practices and energy codes,
making them particularly relevant for developing countries seeking to establish robust energy
efficiency frameworks.
Recent research on Mediterranean schools by Llanos-Jiménez et al. (2025) reveals that thermal
loads for classroom occupation typically range around 135 kJ/h-person, while lighting loads
average 36 kJ/h-m2 according to European standards [11]. These benchmarks provide valuable
reference points for assessing the performance of educational buildings in similar climatic
conditions.

2.3 Climate Change Implications and Adaptive Strategies

Climate change projections for North Africa indicate significant shifts in temperature and
precipitation patterns that will further challenge building energy performance. The
Intergovernmental Panel on Climate Change (IPCC) projects that much of Libya's current
Mediterranean climate zones will transition to arid and semi-arid classifications by 2071-2100
under worst-case scenarios [12]. These climatic shifts will intensify cooling demands and
extend overheating periods beyond traditional summer months, making energy efficiency
measures increasingly critical for maintaining comfortable learning environments.

The integration of passive design strategies and renewable energy technologies emerges as a
crucial adaptation mechanism for educational buildings in changing climatic conditions. Smart
building platforms and renewable energy integration represent game-changing technologies
that optimize energy use while enhancing grid resilience and promoting sustainability [13].
These technological solutions are particularly relevant for Libya's educational sector, where
infrastructure investments must balance immediate needs with long-term climate resilience.
Despite growing recognition of energy efficiency importance in educational buildings,
significant gaps remain in understanding optimal strategies for hot-arid climates, particularly

in developing countries with limited resources and infrastructure constraints. Existing research
________________________________________________________________________________________________________________|
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predominantly focuses on high-income regions with access to advanced technologies, leaving
a critical knowledge gap regarding cost-effective solutions for countries like Libya.

This study addresses several key research gaps: (1) the lack of comprehensive thermal load
assessments for educational buildings in Libya's specific climatic context, (2) limited
understanding of energy efficiency potential in naturally ventilated school buildings, and (3)
insufficient integration of renewable energy considerations in educational facility planning. By
focusing on Gharyan, a representative city in Libya's northwestern region, this research
provides insights applicable to similar educational facilities throughout the country and broader
North African region.

This study makes several significant contributions to the field of building energy efficiency in
developing countries. First, it provides detailed thermal modeling data for educational
buildings in Libya's hot-arid climate, filling a critical gap in regional building performance
literature. Second, it demonstrates the practical application of international standards
(ASHRAE) in local contexts, providing a framework for future energy efficiency initiatives.
Third, it quantifies the potential energy savings from specific efficiency measures, supporting
evidence-based decision-making for educational infrastructure investments.

3. Methodology
3.1 Research Framework and Approach

This study employs a comprehensive building energy assessment methodology that integrates
thermal modeling, performance analysis, and energy efficiency evaluation techniques. The
research framework follows established international standards, primarily ASHRAE
guidelines, while adapting methodologies to Libya's specific climatic and infrastructural
context. The methodology is organized into four primary phases: (1) building characterization
and data collection, (2) thermal load calculation and modeling, (3) energy efficiency measure
implementation, and (4) performance impact assessment.

The research adopts a case study approach, focusing on a representative two-story school
building in Gharyan, Libya (32.1718° N, 13.0184° E). This location was selected due to its
representative climatic conditions for Libya's northwestern region and its typical educational
building characteristics. The building serves as an archetype for similar educational facilities
throughout the country, enabling broader applicability of research findings.

3.2 Case Study Building Characteristics
The selected school building represents a typical educational facility in Libya's public
education system. The structure comprises a two-story building with a total floor area of 910
m?, excluding the theater space which is utilized only during special events. The building layout
includes 10 classrooms, 120 m? of office space, 4 laboratory facilities, and one theater with 120

m2 floor area. The theater area was excluded from thermal load calculations due to its
]
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intermittent occupancy pattern and the assumption that during special events, no heating or
cooling is required for the remainder of the building.

The building's architectural characteristics reflect typical construction practices in Libya's
educational sector. Wall construction consists of concrete block with cement plaster finishes,
while the roof structure employs reinforced concrete with minimal insulation. Windows are
predominantly single-pane glass with aluminum frames, representing standard specifications
for public educational buildings constructed in the past several decades.

Table 1: Building Characteristics Summary

Parameter Specification Value
Total Floor Area Excluding theater 910 m?2
Number of Classrooms Standard size 10 units
Office Space Administrative areas 120 m?
Laboratory Facilities Science/computer labs 4 units
Occupancy Capacity Students and staff ~300 persons

Construction Type Concrete block/RC Standard
Window Type Single-pane aluminum Standard

3.3 Thermal Load
The thermal load calculation methodology follows established ASHRAE procedures
while incorporating specific adaptations for Libya's climatic conditions and building
practices. The analysis considers all major heat transfer mechanisms affecting building
energy performance, including conduction through building envelope components,
solar heat gain through windows, internal heat generation from occupants and
equipment, and infiltration/ventilation loads.

3.4 Conductive Heat Transfer Analysis
Heat transfer through building envelope components (walls, roof, windows, and floor)
was calculated using steady-state thermal resistance methods. For multi-layer building
components, total thermal resistance equals the sum of individual layer resistances plus
convective resistances at interior and exterior surfaces.
The general equation for heat transfer through building envelope components is:

Q=U.AAT (1)

Where:

Q = heat transfer rate (W),

U = overall heat transfer coefficient (W/mz2.°C),

A = surface area (m?), AT = temperature difference (°C).

Overall heat transfer coefficients were determined by inverting total thermal resistance:
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1
U= Rtot (2)
Where
Riotal Includes material resistances and surface convection resistances. ASHRAE recommended
values for exterior surface heat transfer coefficient (ho = 34.0 W/m2.°C) and interior surface
coefficients (hj = 8.29 W/mz2-°C for walls, 9.26 W/m2-°C for ceilings) were applied throughout

the analysis.

3.5 Solar Heat Gain Calculations
Solar heat gain through windows represents a critical component of cooling loads in Libya's
high-radiation environment. The methodology employs solar heat gain coefficient (SHGC)
values to determine transmitted solar energy:

Qsotar = SHGC X Ayingow X Isorar (3)

Where:

Qsolar = solar heat gain (W)

SHGC = solar heat gain coefficient (dimensionless)

Awindow = Window area (m?), lsolar = incident solar radiation (W/m?).

Solar heat gain coefficients were selected based on window specifications, with single-pane
clear glass typically exhibiting SHGC values around 0.8. The analysis accounts for seasonal
and diurnal variations in solar radiation intensity and angle of incidence.

3.6 Internal Heat Generation
Internal heat gains from occupants, lighting, and equipment were calculated based on
ASHRAE standards adapted for educational building use patterns. Occupant heat generation
varies with activity level and age, with children generating approximately 75% of adult heat
production rates according to ASHRAE Fundamentals.

Table 2: Internal Heat Generation Rates

Source Sensible Heat Latent Heat Total Heat
Adult (seated) 70w 45 W 115W
Child (seated) 53 W 34W 87T W

Lighting 15 W/m? ow 15 W/m?

3.7 Infiltration and Ventilation Loads
Infiltration represents uncontrolled air leakage into and out of buildings, requiring energy for
heating or cooling to maintain indoor comfort conditions. The infiltration rate was calculated
using air change per hour (ACH) methodology:
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Qinfiltratio = P X Cp XV X ACH x AT /3600 (4)

Where:

p = air density (kg/m>)

Cp = specific heat of air (J/kg-°C)

V = building volume (m?3)

ACH = air changes per hour (h™)

AT = indoor-outdoor temperature difference (°C)

Air change rates were estimated based on building construction quality and typical values for
educational buildings in similar climatic conditions. The analysis assumes natural ventilation
operation during moderate weather periods and minimal mechanical ventilation during extreme
conditions.

3.8 Energy Efficiency Measure Evaluation
The methodology includes systematic evaluation of energy efficiency measures targeting major
heat transfer pathways. Three primary intervention categories were analyzed: (1) wall
insulation improvements, (2) window upgrades, and (3) roof insulation enhancements. Each
measure was evaluated individually and in combination to determine cumulative energy
savings potential.

3.9 Wall Insulation Upgrades
Wall insulation improvements involve adding thermal insulation layers to existing concrete
block construction. The analysis compares baseline wall thermal resistance with enhanced
configurations incorporating various insulation materials and thicknesses. Improved wall
assemblies target thermal resistance values of approximately 5.872 m2.-°C/W, representing
significant improvement over existing construction.

3.10 Window Performance Enhancements
Window upgrades focus on replacing existing single-pane windows with double-pane units
featuring improved thermal performance. The analysis compares thermal resistance
improvements from 0.15 m2-°C/W (single-pane) to 0.35 m2.°C/W (double-pane), while also
considering solar heat gain coefficient reductions and air infiltration improvements.

3.11 Roof Insulation Improvements
Roof insulation enhancements target the building component with typically the highest heat
gain potential due to direct solar exposure. The methodology evaluates adding insulation layers
to achieve thermal resistance values of approximately 3.522 m2-°C/W, significantly reducing
heat transfer through the roof assembly.
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3.12 Performance Assessment and Validation
The methodology includes validation procedures to ensure calculation accuracy and reliability.
Results are compared with established benchmarks for similar building types and climatic
conditions. Energy intensity metrics (kKWh/m2-year) are calculated and compared with
international standards for educational buildings.
Sensitivity analysis examines the impact of key parameter variations on overall results,
including occupancy schedules, internal heat generation rates, and climatic data uncertainties.
This analysis provides confidence intervals for energy savings estimates and identifies critical
parameters requiring careful specification.
The comprehensive methodology provides a robust framework for assessing building energy
performance and efficiency improvement potential in Libya's educational sector. By following
established international standards while adapting to local conditions, the approach ensures
both technical rigor and practical applicability for future energy efficiency initiatives.

4. Results and Discussion

4.1 Baseline Building Thermal Performance

The comprehensive thermal load analysis reveals significant insights into the energy
performance characteristics of the representative school building in Gharyan, Libya. The
baseline assessment demonstrates that infiltration represents the dominant thermal load
component, accounting for the majority of heating and cooling energy requirements throughout
the year. This finding aligns with expectations for naturally ventilated buildings in hot-arid
climates, where uncontrolled air exchange significantly impacts indoor environmental
conditions.

Monthly thermal load calculations indicate substantial seasonal variations, with cooling loads
dominating during the extended summer period (April through October) and heating
requirements limited to brief winter months (December through February). Peak cooling loads
occur during July and August, when ambient temperatures frequently exceed 40°C and solar
radiation reaches maximum intensity. The building's thermal response demonstrates the critical
importance of envelope performance in managing heat transfer under extreme climatic
conditions.

Table 3: Baseline Thermal Resistance Values for Building Components
Building Thermal Resistance HeatTransfer Coefficient
Component (m2-°C/W) (W/mz-°C)
Exterior Walls 0.425 2.35
Single-Pane Windows 0.150 6.67
Roof Assembly 0.284 3.52
Ground Floor 0.892 1.12
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The thermal resistance analysis reveals that windows represent the weakest
thermalperformance component, with heat transfer coefficients nearly three times higher
thanexterior walls. This finding emphasizes the critical importance of window upgrades
incomprehensive energy efficiency strategies. The roof assembly also demonstratesrelatively
poor thermal performance, contributing significantly to cooling loads duringpeak summer
conditions.

4.2 Thermal Load Component Analysis
Detailed analysis of individual thermal load components provides crucial insights
forprioritizing energy efficiency interventions. The breakdown of thermal loads reveals
thatinfiltration accounts for approximately 45-50% of total building thermal loads, followed
byenvelope conduction (25-30%), solar heat gain (15-20%), and internal heat generation (5-
10%). This distribution pattern reflects the building's reliance on natural ventilation and the
significant impact of uncontrolled air exchange on energy performance.

Infiltration loads demonstrate strong correlation with outdoor temperature conditions and wind
patterns. During extreme summer conditions, infiltration introduces substantial sensible heat
loads that must be offset by cooling systems or result in elevated indoor temperatures.
Conversely, during winter periods, infiltration contributes to heat loss and increased heating
requirements. The magnitude of infiltration loads underscores the importance of air sealing
measures in comprehensive energy efficiency strategies.

Solar heat gain through windows represents a significant cooling load component, particularly
during peak summer months when solar radiation intensity reaches maximum levels. The
analysis reveals that south-facing windows contribute disproportionately to solar loads due to
Libya's latitude and solar geometry. East and west-facing windows also contribute substantially
during morning and afternoon periods, respectively. These findings support the implementation
of solar control measures, including window upgrades and external shading systems.

Internal heat generation from occupants, lighting, and equipment contributes relatively modest
thermal loads compared to envelope and infiltration effects. However, these loads remain
important during peak occupancy periods and can significantly impact indoor comfort
conditions in naturally ventilated spaces. The analysis assumes typical occupancy patterns for
educational buildings, with peak loads occurring during regular school hours and minimal loads
during evenings, weekends, and vacation periods. Figure 2 illustrates the monthly loads
breakdown for the school building.
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Monthly Thermal Load Breakdown for School Building in Gharyan, Libya
(Positive: Cooling Loads, Negative: Heating Loads)
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Figure 2: monthly thermal loads breakdown for the school building.

4.3 Energy Efficiency Measure Performance Analysis
A. Wall Insulation Improvements
The implementation of wall insulation upgrades demonstrates substantial potential for thermal
load reduction. Adding insulation layers to achieve thermal resistance of 5.872 m2-°C/W
represents a 13.8-fold improvement over baseline wall performance. This enhancement reduces
wall heat transfer coefficients from 2.35 W/m?2-°C to 0.17 W/m2.°C, dramatically improving
envelope thermal performance.
Monthly analysis of wall heat transfer reveals that insulation improvements provide year-round
benefits, reducing cooling loads during summer months and heating loads during winter
periods. The magnitude of savings varies seasonally, with maximum benefits occurring during
periods of greatest indoor-outdoor temperature differences. Summer cooling load reductions
range from 15-25%, while winter heating load reductions can exceed 30% during peak heating
periods.
The cost-effectiveness of wall insulation improvements depends on local material costs and
installation practices. However, the substantial thermal performance improvements suggest
favorable economic returns, particularly when considering long-term energy cost savings and
improved occupant comfort. The analysis indicates that wall insulation represents one of the
most effective energy efficiency measures for the building type and climatic conditions studied.

B. Window Performance Enhancements
Window upgrades from single-pane to double-pane units demonstrate significant thermal
performance improvements, with thermal resistance increasing from 0.15 m2-°C/W to 0.35
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m2.°C/W. This 2.3-fold improvement reduces window heat transfer coefficients from 6.67
W/m2.°C to 2.86 W/mz2-°C, substantially improving the building's weakest thermal
performance component.

The impact of window upgrades extends beyond simple conductive heat transfer improvements
to include reduced solar heat gain and improved air infiltration control. Double-pane windows
typically feature lower solar heat gain coefficients compared to single-pane units, reducing
cooling loads during peak solar radiation periods. Additionally, improved window construction
quality reduces air infiltration rates, providing additional energy savings.

Monthly analysis reveals that window upgrades provide substantial cooling load reductions
during summer months, with savings ranging from 10-20% depending on window orientation
and solar exposure. The benefits are particularly pronounced for south, east, and west-facing
windows that experience direct solar radiation during peak intensity periods. Winter heating
load reductions are more modest but still significant, ranging from 5-15% during peak heating
periods.

C. Roof Insulation Enhancements

Roof insulation improvements target the building component with the highest solar heat gain
potential due to direct exposure to intense solar radiation throughout the day. Adding insulation
to achieve thermal resistance of 3.522 m2-°C/W represents a 12.4-fold improvement over
baseline roof performance, reducing heat transfer coefficients from 3.52 W/mz2-°C to 0.28
W/mz.°C.

The impact of roof insulation is most pronounced during peak summer conditions when roof
surface temperatures can exceed 60°C under direct solar radiation. Improved roof thermal
performance significantly reduces heat transfer into occupied spaces, providing substantial
cooling load reductions. Monthly analysis indicates cooling load reductions ranging from 20-
35% during peak summer months, with maximum benefits occurring during periods of highest
solar radiation intensity.

Roof insulation improvements also provide winter heating benefits, though these are less
significant due to the relatively modest heating requirements in Libya's climate. The primary
value of roof insulation lies in cooling load reduction and improved summer comfort
conditions. The measure represents excellent cost-effectiveness due to the substantial energy
savings potential and relatively straightforward implementation.

4.4 Combined Energy Efficiency Measure Performance
The implementation of all three energy efficiency measures (wall insulation, window upgrades,
and roof insulation) in combination demonstrates synergistic effects that exceed the sum of
individual measure benefits. The comprehensive efficiency package achieves approximately
25% reduction in total building thermal loads, representing substantial energy savings potential

for the educational facility.
________________________________________________________________________________________________________________|
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Monthly analysis of combined measure performance reveals consistent benefits throughout the
year, with maximum savings occurring during peak summer cooling periods. The integrated
approach addresses all major heat transfer pathways, providing comprehensive thermal
performance improvements. Summer cooling load reductions range from 20-30%, while winter
heating load reductions can exceed 35% during peak heating periods.

The 25% thermal load reduction translates to significant operational benefits beyond simple
energy cost savings. Reduced thermal loads enable smaller HVAC system sizing, reducing
capital costs for mechanical equipment. Improved thermal performance also enhances indoor
comfort conditions, potentially improving learning environments and occupant satisfaction.
Additionally, reduced energy consumption contributes to environmental benefits through
decreased greenhouse gas emissions.

Energy Efficiency Measure Impact Thermal Load Reduction by Component
(Peak Summer Coaling Loads) (Percentage Improvement)

Before Improvements 85 kW
After Improvements
a0 Total Building

64 kW

Walls

Peak Thermal Load (kW)

20 18 kw
12 kW 12 kw

6 kW
Windows

Walls Windows Roof Total Building
Building Component

Figure 3: The impact of energy efficiency measures

4.5 Economic and Environmental Impact Analysis

The economic implications of the proposed energy efficiency measures extend beyond
immediate energy cost savings to include capital cost reductions, operational benefits, and
long-term value creation. Reduced thermal loads enable downsizing of HVAC equipment,
potentially reducing initial capital investments by 15-25% for mechanical systems. This capital
cost reduction can partially offset the incremental costs of efficiency measures, improving
overall project economics.

Operational benefits include reduced energy consumption, lower maintenance requirements,
and improved system reliability. Energy cost savings depend on local utility rates and energy
pricing structures but typically range from 20-30% of baseline energy costs for comprehensive
efficiency packages. Maintenance cost reductions result from reduced HVAC system operating
hours and improved equipment longevity due to reduced thermal stress.

Environmental benefits include substantial reductions in greenhouse gas emissions associated
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with building energy consumption. Assuming typical emission factors for Libya's electricity
grid (approximately 0.8 kg CO2/kWh), the 25% thermal load reduction translates to
proportional emission reductions. For the 910 m? school building, annual emission reductions
could exceed 15-20 tons CO: equivalent, representing meaningful environmental benefits.
The environmental impact analysis also considers the broader implications for Libya's energy
system and renewable energy integration goals. Reduced building energy demand facilitates
renewable energy integration by reducing peak loads and improving grid stability. Energy
efficiency measures complement renewable energy investments by reducing the scale of
generation capacity required to meet building energy needs.

4.6 Implications for Libya's Educational Sector
The research findings have significant implications for Libya's broader educational
infrastructure and energy policy objectives. With hundreds of similar school buildings
throughout the country, the potential for system-wide energy savings is substantial. Scaling the
demonstrated 25% thermal load reduction across Libya's educational building stock could yield
significant energy savings and emission reductions.
The study's findings support Libya's renewable energy targets by demonstrating how energy
efficiency measures can reduce building energy demand, facilitating renewable energy
integration. Reduced building loads enable smaller renewable energy systems to meet building
needs, improving the economic viability of distributed solar and wind installations. This
synergy between efficiency and renewable energy aligns with Libya's goal of achieving 4GW
renewable capacity by 2035.
Policy implications include the need for updated building energy codes and efficiency
standards for educational facilities. The research demonstrates the substantial benefits available
through relatively straightforward efficiency measures, supporting the development of
mandatory efficiency requirements for new construction and major renovations. Training and
capacity building programs for architects, engineers, and construction professionals could
accelerate the adoption of efficiency best practices.
The study also highlights the importance of integrated design approaches that consider energy
efficiency from the earliest stages of building planning and design. Early-stage efficiency
integration typically provides better performance outcomes and more favorable economics
compared to retrofit applications. This finding supports the development of design guidelines
and technical resources specifically tailored to Libya's climatic conditions and construction
practices.

5. Conclusion and Recommendations

This comprehensive study of thermal load assessment and energy efficiency enhancement in
school buildings provides significant insights for Libya's educational sector and broader

building energy policy. The research demonstrates that substantial energy savings are
I ———
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achievable through cost-effective efficiency measures, with combined interventions yielding
approximately 25% reduction in total building thermal loads. These findings have important
implications for educational facility planning, energy policy development, and climate change
adaptation strategies.
The thermal load analysis reveals that infiltration represents the dominant energy consumption
component in naturally ventilated educational buildings, accounting for 45-50% of total
thermal loads. This finding emphasizes the critical importance of air sealing and controlled
ventilation strategies in hot-arid climates. The building envelope components, particularly
windows and roof assemblies, contribute significantly to thermal loads and represent priority
targets for efficiency improvements.
The energy efficiency measure evaluation demonstrates that comprehensive approaches yield
superior results compared to individual interventions. Wall insulation improvements, window
upgrades, and roof insulation enhancements each provide substantial benefits, but their
combined implementation achieves synergistic effects that exceed the sum of individual
measure savings. This finding supports integrated design approaches that address multiple heat
transfer pathways simultaneously.

e Implications for Libya's Energy Transition
The research findings align closely with Libya's renewable energy objectives and provide a
pathway for achieving national energy targets through demand-side management. The
demonstrated 25% thermal load reduction potential, when scaled across Libya's educational
building stock, could yield significant system-wide energy savings that facilitate renewable
energy integration and grid stability improvements.
Libya's ambitious target of achieving 4GW renewable energy capacity by 2035 requires
complementary demand reduction strategies to maximize the impact of clean energy
investments. Energy efficiency measures in educational buildings represent a cost-effective
approach to reducing peak loads and improving the economic viability of renewable energy
projects. The synergy between efficiency and renewable energy creates opportunities for
comprehensive energy system transformation.
The study's findings also support Libya's broader economic development objectives by
reducing energy import dependence and improving energy security. Despite possessing
substantial oil reserves, Libya has increasingly relied on electricity imports from neighboring
countries, reaching nearly 0.5 TWh in 2019. Domestic energy efficiency improvements can
reduce import requirements while preserving oil resources for export revenue generation.

e Technical Recommendations for Educational Facilities
Based on the research findings, several specific technical recommendations emerge for
improving energy efficiency in Libya's educational buildings. These recommendations
prioritize measures with demonstrated effectiveness and favorable cost-benefit characteristics

while considering local construction practices and material availability.
I ———
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Envelope Performance Improvements: Educational facilities should prioritize envelope
efficiency measures that address the dominant heat transfer pathways identified in this study.
Wall insulation improvements targeting thermal resistance values of 5-6 m2-°C/W provide
substantial energy savings with reasonable implementation costs. Roof insulation
enhancements achieving 3-4 m2-°C/W thermal resistance offer excellent cost-effectiveness due
to high solar heat gain reduction potential.

Window and Glazing Upgrades: The replacement of single-pane windows with double-pane
units represents a high-priority efficiency measure due to the poor baseline thermal
performance of existing windows. Window upgrades should target thermal resistance
improvements to 0.35 m2.°C/W or higher while also considering solar heat gain coefficient
reductions and air infiltration control.

Natural Ventilation Optimization: Given the predominant reliance on natural ventilation in
Libya's educational buildings, optimization strategies should focus on controlled ventilation
approaches that maintain indoor air quality while minimizing energy penalties. This includes
strategic window placement, cross-ventilation design, and night cooling strategies that take
advantage of diurnal temperature variations.

Solar Control Measures: The intense solar radiation in Libya's climate necessitates
comprehensive solar control strategies, particularly for south, east, and west-facing building
orientations. External shading systems, high-performance glazing, and building orientation
optimization can significantly reduce cooling loads while maintaining adequate daylighting
levels.
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Abstract

Evaluating the impact of gully erosion on slopes parallel to mountain roads is crucial due to its role in altering
slope geometry, thereby affecting overall slope stability. This study addresses the significant reduction in slope
inclination from 60° (originally in 1984) to 35° caused by erosion, raising concerns about whether such changes
enhance stability or increase slope fragility and collapse risk. One of the main objectives of this study was to
analyze and evaluate the impact of gully erosion on slope stability, particularly by assessing changes in slope
safety factors resulting from alterations in slope angles due to erosion. To achieve this, detailed field
measurements were conducted to analyze the geometry of the gullies, complemented by laboratory tests using
the direct shear apparatus to determine the cohesion and internal friction angle of slope materials under varying
water content conditions. Additionally, the RocPlane software was employed to simulate the mechanical behavior
of the slope and assess its stability under different scenarios. Results indicated that an increase in water content
from 17% to 25% led to a marked decrease in cohesion (from 104 to 51 t/m?) and internal friction angle(from
22.2° to 16.5°). RocPlane analyses revealed a substantial decline in safety factors for slopes impacted by erosion
and moisture—dropping to zero in some cases—while unaffected slopes maintained stability with a safety factor
of 2.92. These findings highlight the critical role of gully erosion in reshaping slope geometry and compromising
stability. The study recommends proactive removal of unstable rock blocks and enhancement of drainage systems
to mitigate the risk of future slope failures.

Keywords: Gully erosion, Slope stability, Slope failure, RocPlane simulation.

1. Introduction

The movement of materials on the slopes of mountain roads is one of the most hazardous
geological phenomena due to the risks it poses to road users This risk increases with rapid and
sudden movements, which amplify the resulting damage [1] The causes of slope failures on
mountain roads are varied, including the slope geometry and the impact of rainfall [2] Water
plays a significant role as one of the primary triggers, affecting slope stability both directly and
indirectly, with one of its most prominent effects being gully erosion [3]Gully erosion is
defined as the process of rock and soil erosion caused by water flowing through natural gullies
on mountain slopes [4] This process gradually removes soil, weakening slope cohesion,
particularly in areas composed of soil and rock debris [5] Erosion also deepens gullies, creating
steeper slope angles that concentrate runoff in specific areas, which increases their fragility and
susceptibility to collapse [6,7] As the depth of the gullies increases, cracks and voids form,
further reducing the cohesion of both surface and subsurface layers, which can lead to partial
or full-scale collapses [8] Additionally, gullies fragment slopes into small, unstable blocks,

heightening the likelihood of independent movement [9] Heavy rainfall accelerates this process
I ———
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by saturating the soil with water, further intensifying erosion and landslides [10] Clay, sandy
soils, and rocky debris are particularly vulnerable to this phenomenon [11] Gully erosion does
not only result in morphological changes; it also leads to the destruction of the structural
integrity of slopes, increasing their susceptibility to collapse and posing a threat to mountain
roads [12] The research issue arises from the observation of erosion gullies on the slopes
parallel to the Rujban mountain road, where the slope is composed of rocky debris of varying
sizes Figure 1 It was noted that erosion had created a new slope angle of 35° within the gullies,
compared to the original angle of 60°, This observation raised two key questions: What is the
effect of gully erosion on slope stability? Can erosion, contribute to slope stability by reshaping
slopes into more stable angles?. Consequently, the aim of this research is to analyze and
evaluate the impact of gully erosion on slopes parallel to mountain roads, and to determine the
slope safety coefficients with changes in slope angles resulting from erosion.

; g i
Gully Erosion

)

\

|

Diffe!;eni Sizes of Rock-Blocks

“~ Road pati'\ :

Figure 1: Gully erosion model [13] Figure 2: Gully Erosion On study area

The study area is situated on the northern edge of Jebel Rujban, with the road extending
northward to connect to the Aziziya-Nalut road Figure 3 Geologically, as shown in Figure 3,
the study area lies between the Sidi as Sid Formation [14] and the Kikla Formation [15] The
rocks in this area represent diverse sedimentary environments, formed through cycles of sea
advance and retreat, where both continental and marine species were deposited in a transitional
environment [16], In the study area Figure 3, the stratigraphic sequence culminates with the
Qasr Taghrana Formation, which is dated to the Upper Cretaceous [17].

— L Qasi Tigrinah Fm. Gypsum and
sl et marly limestone
Nalut Fm. Limestone and
dolomitic limestone
Gharyan studyarea :
. Kiklah Fm. Continental sand and
S Rujban Alkian rm.
@a?" “.112 O Studyarea ” clay deposits
Figure 3: Location of the study area [18] Figure 4: Outcrop formations Rujban Area [18]
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2. Material and Methods

e Field study phase: The field study was conducted to collect data on slope geometry
Measurements and field data were recorded in two cases: first, when the slope
inclination angle was 60°, representing the natural slope cut in 1984 and considered
unaffected by gully erosion; and second, at an angle of 35°, "These results reflect the
effects of water erosion within the gullies. The slope geometry data are shown in Table
1. Accurate field measurements are crucial for realistically representing slope
conditions and enhancing the reliability of simulation models.

Table 1: On-Site Slope Geometry Data

Cases A | B C | D
Slope Condition unaffected by erosion affected by erosion
Water Quantity 30mm 60mm 30mm 60mm
Slope Height 9m 9m 9m 9m
Slope Angle 60° 60° 35° 35°
Failure Plane Angle 35° 35° 1° 1°
Upper Face Angle 10° 10° 10° 10°
Bench Width 6m 6m m3 3m
Seismic Coefficient 0.04 0.04 0.04 0.04
Tension Crack 90 ° 90 ° 90 ° 90 °
Water Pressure On Failure Plane On Failure Plane at toe of slope at toe of slope

One of the important field data recorded is the information on erosion gullies, which includes
the following variables: width of the gully at the surface, depth of the gully at the surface,
length of the gully, and affected area these data are presented in Table 2. The aim of calculating
these variables is to determine the Gully Erosion Rate GER, measured in m3/m?/year, which is
calculated using the relationship outlined in (1) [19].

Table 2: Field Data and Gully Erosion Analysis

Slope Slope Total Gullys Average Gullies Average Gullys Time Period
Length Height Length (L) Width (W) m Depth Years-T
200 m 9m 960 m 70 cm 80 cm 40 Years
Affected Area Gully Length | Gully Width (W) m Gully Depth
1800 m? 960 m 0007 m 0008 m Road Cut 1984
14
GER = — (1)
TxA
Where:

V = Gully volume (m3),
T = Time period years,
A = Affected area (m?)
The volume of groove erosion V m3 is calculated by the relationship (2) [19]
1
V= @
I ———
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Where:

L= Gully Length (m)

W = Gully Width at the surface (m),
D = Gully Depth (m)

Using Equation 2, the volume of gully erosion was calculated as 0.02688 m3. Substituting into
Equation 1, the gully erosion rate (GER) was determined to be 3.733 x 1077 m3/m?/year.
Comparison with Table 3 shows a very low erosion rate, indicating minimal fluting impact in
the area. A detailed interpretation will follow.

Table 3: Gully Erosion Severity Classification [20]

Gully Erosion Rate m3/m?/year Classification
Less than 00001 Very Weak
00001 — 00005 Weak
00005 — 0001 Moderate
0001 — 0005 Severe
Greater than 0005 Very Severe

e Laboratory study phase: A sample of rock debris from a slope affected by gully
erosion was collected at a depth of 30 cm and transported to the lab The sample was
dried in an oven at 120°C for 24 hours, and then 30 mm of water was added for
homogenization Vertical and shear stress tests were performed using a direct shear
apparatus with a loading rate of 025 N/s and a 36 cm? loading frame, as described in
reference [21] The test aimed to determine cohesion and friction angle, with the linear
relationship between normal and shear stress recorded using a pre-prepared Excel curve
Figure 5, The test was conducted with three weights (4 kg, 8 kg, and 16 kg) Figure 6
According to reference [21], a collapse of the rock debris occurred at a water volume
of 80 mm, with internal saturation reaching 65%, leading to the loss of internal cohesion
and a value of 0 t/m? The extracted values for (C and ) are listed in Table 3, and these
data are essential for input into the RocPlane program

350 400

©
§ 300 y=0.7392x + 10.4 £300 shA—AA—AA 16kg -323.8
- 250 @ AA
5 200 £200 A 8kg-173.90
= a
.f..: 1(5)8 R? = 0.9964 5100 o—0—0—0—¢ 4kg79.864
2 0 S oA
v 0.00 qO0.00 200.00 300.00 400.00 500.00 0 5 10 15

Normal Stress 6n KPa Horiz Displace AH (mm)

Figure5: Relationship between normal &shear stress  Figure 6:Variable horiz sample at load( 4,8,16 kg)
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The same tests were repeated on the original specimen with the addition of 60 mm of water
The results from the laboratory study are listed in Table 3 Direct shear tests are influenced by
factors such as rock type, surface roughness, water presence, and pore pressure [22].

Table 4: Data and results obtained from the laboratory study

Water quantity

30mm 60mm

Saturation %

17% 25%

Cohesion C

10.4 t/m? 5.1 t/m?

Friction Angle @

°22.2 °16.5

Unit Weight

1.7 glcm?

2.1 glcm?

RocPlane software phase: An interactive software tool for assessing the stability of

slope components. The tool enables users to estimate the required support to achieve a
specific safety factor in slope analysis and design by generating 2 and 3D models [23].
Figure 7. The software relies on several inputs, including:Slope geometry Figure 7,
based on the data listed in Table 1.Cohesion and friction angle Figure 8, listed in Table
4.External forces, such as water pressure and the seismic coefficient of the study area

[24].

Slope

Angle (deg):

Height {m}): ﬂ
Unit Weight &/m3):

I+ Tension Crack

Failure Plane
Angle (deg): _ﬂ
Waviness (deg):

= Waviness = [Avg. Angle] - [Min. Angle]

Upper Face

Angle (deg):  [50 Angle (deg): j
= Minimum FS Location _g [ Bench Analysis
" Specify Location W

—

Deterministic Input Data

F e

Geometry  Strength |Fort:es |
Shear Strength Model:

Mohr-Coulomb

-

T=c+a,tang

Friction Angle (deg): Cohesion {/m2):

Safety Factor = 1.63706
Wedge Weight = 3260.2 tonnes/m

Safety Factor = 1.63706

Wedge Weight = 3260.2tonnes/m
MNormal Force = 2670 6 tonnes.m
Resisting = 3061.26 tonnes/m
Driving = 1869.97 tonnes/m

Distance in meters
Force in Tonnes (1000 kg)

Nomal Force = 2670.6 tonnes/m
Resisting = 3061 26 tonnes/m
Drivina = 1869.57 tonnes/m

Distance in meters
Force in Tonnes {1000 kg)

0K

Cancel |

Apply

Figure7: Inputs Geometry Slope

Figure8: Inputs C & @ Angle.

To determine whether the slope is stable, the coefficient of safety, derived from the relationship
between the resistive force and the impulse, is compared with Table 5. This table categorizes
the stability of slopes, both parallel and adjacent to mountain roads [25].

Table 5: Highways slope stability classification [25]

Slope stability

actor of safety
Stable >1.5
Intermediate stability 1.25-15
Precarious stability 1-1.25
Instable <1
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3. Results and Discussion

The studied slope consists of rocky debris of various sizes, primarily composed of limestone,
clay, and marl rocks from the Sidi as Sid Fm of the Ain Tabi Member. During excavation, these
rocks were displaced, and the debris was used to form a new artificial slope made of soil, clay,
and rock blocks. The grooves observed in the slope reflect the effect of rainfall, which
contributed to lateral erosion of the grooves, removing soil and debris from the sides and
bottoms of the rock blocks Figure 9.This erosion, affects the stability of the rock blocks, soil,
and clay, particularly in the absence of protective concrete barriers. Additionally, gully erosion
has altered the slope’s geometry, with an inclination angle of 35° within the gullies, indicating
the strong impact of this process. The Gully Erosion Rate (GER) is 3733 x 107 m3/m2/year,
which is categorized as "very weak" Table 3, meaning the rate of material loss is relatively
slow and does not result in the formation of new gullies or channels.

"‘Dc.rio,,mite'Rock' g =7 - -
NMasses Ao Erosion of the bottom and
: - - - =¥ = sides of rock masses

=T -\ : - St ;

=, T = CX- 7 T
Debris And Collapsed 3
. Rocks -

Figure 9: Section of the Slope Affected by Gully Erosion

This suggests that the erosion is gradual and continuous, but not significant enough to cause
rapid collapses or drastic changes to the slope in the short term. Moreover, the gullies have
contributed to the formation of new stabilizing angles within the slope. However, the greatest
risk lies in the potential collapse of large and medium-sized rock blocks that are currently
stabilizing the slope, especially within the gullies. It is expected that continued erosion over
time will lead to the collapse of these rock blocks, particularly with external factors like rainfall.
Additionally, the mud and collapsed debris have blocked the water drainage channels parallel
to the road path Figure 9, some of the rock blocks have collapsed, serving as an indicator of
the weakened state of the slope. The field study reflects the impact of geomorphological and
Hydrological factors on the stability of the studied slope. This is consistent with the results of
the laboratory tests conducted using the direct shear device. Laboratory data indicate that
increasing the water content from 17% to 25% led to a decrease in cohesion from 104 t/m2 to
51 t/m? Table 4, while the internal friction angle decreased from 22.2° to 16.5°.This finding is
directly related to the field study results, which showed that the flow of water inside the gullies

caused erosion of their sides, removing soil and debris. This erosion led to the collapse of rock
I ———
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blocks, soil, and clay, particularly in the absence of concrete barriers. These observations are
consistent with the laboratory results, which indicated that an increase in water content reduces
shear strength and increases the risk of collapses. This makes large and medium-sized rock
blocks, located either on the slope or inside the gullies, more susceptible to future collapse.
Moreover, the laboratory data confirmed that the low internal friction angle of 16.5° Table 4
reflects the weak resistance of the slope components to collapse. This is connected to the
changes in slope geometry, as the angle of inclination inside the gullies reached 35°, suggesting
that gully erosion plays a major role in reshaping the slope's topography and affecting its
stability. The closure of drainage channels parallel to the road due to debris is consistent with
the effect of increasing pore pressure from the high water content, which leads to the
disintegration of soil and rock debris. Consequently, the accumulation of eroded materials in
low-lying areas may further increase the risk of future collapses due to poor water drainage.
The data in Table 6 present a slope analysis using Rocplane software.

Table 6: Rocplane software output

Cases A | B C | D
Slope Condition Unaffected by erosion affected by erosion
Water Quantity 30mm 60mm 30mm 60mm

Normal Force 47.1065 t/m 0t/m 8.16441 t/m 10.0778 t/m
Resisting Force 93.2851 t/m 0t/m 43.4434 t/m 22.6553 t/m

Driving Force 31.9539 t/m 43.7766 t/m 0.470195 t/m 0.580829 t/m
Factor of Safety 2.92 0 92.3945 39.0051

In Case-A, Figure 10, the slope unaffected by erosion, indicating good stability at this location.
The Water Quantity in this case was 30 mm, which is relatively low and helps maintain
stability. Additionally, the vertical force was 47.106 t/m, reflecting a moderate weight effect
on the slope. Furthermore, the resistive force in Case A was the highest 932.8 t/m among all
cases, contributing to greater stability. The safety factor reached 2.9 confirming that the slope
in this case is stable, Table 5.
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Figure 10: Slope Unaffected by Erosion at 30mm Figure 11: Slope Unaffected by Erosion at 60mm
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On Figures 10 and 11, It is observed that the effect of water pressure is concentrated in two
locations. The first is in the vertical direction (tension crack - 90°, Table 1), extending from the
top surface to a depth of 4.31 m. This position is considered a weak point behind the wedge
and can only be observed in the field. The second place of water pressure concentration is on
the failure plane, where the pressure value varies depending on the amount of water.In case A,
the water pressure is 4.676 t/m3, while in case B, it is 8.41 t/m3.

In Case-C, Figure 12, the slope was affected by gully erosion, with a water amount of 30 mm,
the same as in Case A. The vertical force was 8.16 t/m, indicating a greater weight effect on
the slope compared to Case A. However, the resistive force was lower than that in Case A,
suggesting that stability was slightly affected by erosion. Nevertheless, the safety factor in this
case was significantly high (92.39), indicating that the slope is stable Table 5.

In Case-D, Figure 13, the slope affected by gully erosion, with a Water Quantity of 60 mm,
similar to that in Case B. The vertical force in this case was 10.07 t/m, indicating greater
pressure on the slope due to weight. However, the resistive force was 2,266 t/m, which is lower
than in Case A, suggesting that the slope is relatively weak. Nevertheless, the safety factor in
this case was 39.01, indicating relatively good stability compared to Case B.

| Dist to Slope Crest
[ 2856 m

| Upper Face Width |
[ 1.000m

|Upper Face Width | | Dist to Slope Crest
| 1.000m | | 2856m

Upper Face Height
t,/\ 0176 m}—
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0176 mi—

Wedge Heig
2000m

Peak Water Pressure ‘l.‘aqul Force 8.16 Ym
0.022 tm*2

2000m

Driving Force 0.58 t/m ™

s Iy = o
) lormal Force 1 t/m
¥ Peak Water Pressure e 1 0.08

0.039 tm*2

Figure 12: Slope affected by gully Erosion at
30mm

Figure 13:Slope affected by gully Erosion at
60mm

4. Conclusion

The study results revealed that gully erosion contributed a pivotal role in the stability of the
slope parallel to the Al-Rujban mountain road, directly affecting the slope's geometry.
Additionally, gully erosion indirectly contributes to the collapse of rock masses and debris, as
confirmed in the analysis. Water-induced gully erosion leads to the erosion of gully sidewalls,
exposing rock masses and soil to the risk of collapse, particularly in areas lacking engineering
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support structures such as concrete barriers. Furthermore, the effects of erosion were evident
in the formation of new slope angles, with the inclination angle inside the gullies reaching 35°,
reflecting the significant changes caused by erosion in slope geometry. Rocplane software
analysis assessed slope stability under water erosion. Findings showed that increased water
content reduces cohesion and friction, weakening slope resistance. Pour water pressure from
excess moisture raises landslide risks, especially without proper drainage. Hydrological factors
significantly affect stability, as large water volumes alter slope forces. Despite its "very weak"
erosion rate, gully erosion causes gradual instability, posing a long-term collapse risk. The
study recommends regular monitoring and removal of unstable rock masses
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Abstract

This research deals with estimating the likely switch of car ownership drivers and private transport vehicles modes
users to public transportation system (PT) modes in the main cities as Tripoli Capital city of Libya due to reduced
shopping travel time of all trips influenced by age, household size. Car ownership and shopping distance through
the introducing the public transport modes such as public buses. The data on other factors (variables) that could
potentially reason a model switch of from car ownership drivers and private transport vehicles modes users to
public transport were collected through a survey (questionnaire) with a specified predilection method. Mode-
switch models to describe the switch of conduct of own car operators to PT system are developed. A binary
logistic regression model was used to assessment the transport displacement model for shopping trips. Probability
curves have been developed to change the position so that it is a user-friendly tool for analysing the potential
transformation Model of a variety of variables. One way to achieve this objective is by establishing reserved
public transportation lanes on main urban Tripoli city roads. The providing of private road lanes will increase of
service road level and reduce the level of road traffic congestion and this may effect in a switch of all or some
private transport mode users to public transport modes.

Key words: Own car, Public transport modes, logit model, shopping Travel time, shopping distance, age, car
ownership and switch probabilities, likelihood..

1. Introduction
The own car ownership are an important means of transportation and are of great significance

for the household activities of the majority of families in Libyan society. And considered one
of the significant modes of private transport vehicles in all Libyan cities and especially in
Tripoli, as it is more reliable than the available private transport modes options such as (private
taxi and micro coach) [1]. In addition, they provide a great opportunity to offer comfort and
convenience for users to go to and return from their various daily trips without affecting other
users. In fact, in Tripoli city there are to many areas that do not have private transportation
modes and poor public transportation services such as stage-bases [2]. This research describes
and presents the outcomes from the data collected analysis of data on own car and private
transport vehicles such as private taxi, microbuses and coaches users, Providing a thorough
description of the statistical tests that were employed in this study to determine the model’s
overall goodness-of-fit and the suitability of its parameters. These outcomes are displayed,
with the aim of comparing the usefulness of the two and figuring out why owners of cars on
the main Tripoli city highways are hesitant to use taxi and microbuses, a binary logistic model
is provide for own car versus public transportation as alternate modes of transportation for
everyday trips. Based on scenarios of lowering the public transportation modes age, shopping
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distance and travel time, the probability of car owners moving to public transportation was also
investigated.

2. Problem Statement and Study Area

Own cars and private transportation vehicles are becoming more and more common among
urban commuters in Libyan capital city, Tripoli. Commuters in Tripoli used private transport
namely microbuses, private taxies and own cars to their works, study and shopping activities.
Private transport can be own and operated by individuals or private company [3]. Which the
own cars are considered one of the most accessible means of transportation modes in Libyan
cities, which commuters can rely on to meet their daily travelling needs. There are many
reasons that lead residents of Tripoli city to prefer using their own cars for all their trips,
whether for shopping trips, and why these cars are more popular than other private
transportation modes options available in Tripoli. In summary, because the own cars are readily
available, reliable, comfortable, convenient and safe, they symbolize power, status and prestige
and provide a convenient means of travel for all daily shopping trip and purposes [4]. The
increase in a number of cars ownership on the Tripoli city net roads and streets has led to a
significant rise in road traffic congestion, which results in longer travel times for all shopping
trips, air and noise pollution and traffic accidents. While the main city has struggled with traffic
congestion, becomes the surrounding districts are now also affected. Schrank and Lomax have
described and recognised traffic congestion as the major problem in urban areas, with
significant effects to the economy, travel behaviour, and land use in major cities [5].

3. Methodology

The survey was done using questionnaires to get relevant data. The questionnaires were
distributed to the private vehicle users who do not use other modes of transportation [3]. The
revealed preference and stated preference methods approach has been used to model mode
choice when data on actual choice of mode by travellers are available. Besides the modes
choice attributes, shopping travel time, shopping distance and social demographic information
of each respondent [6]. The survey was conducted through questionnaires on selected roads in
Tripoli city, where the movement of available private vehicles, such as (own cars, taxi, and
private coaches) is higher the available public transport vehicles modes and who don't utilize
other forms of transportation. A questionnaire was used in the survey to collect crucial data
and information. Users of private vehicles and own cars who travel throughout the shopping
trip area and use their own cars for everyday shopping excursions are the research's target
respondents. The questionnaire's questions were designed to make it simple and quick for the
respondent to complete. Short questionnaires with both open-ended and closed-ended
questions were created to make sure consumers understood them. The respondents that were
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chosen were based on private transportation vehicle types and car owners who utilize their
private vehicles to go to their shopping trips destinations. Road users and respondents in Tripoli
streets were chosen at random. A binary logistic model for public transport alternatives was
created, and the Statistical Package for Social Science software (SPSS) and Microsoft Excel
2007 software were used to analyze this questionnaire and get the best outcomes that emphasize
the problem.

4. Mode Switch Model, Own car vs. Public Transport
The purpose of the binary logistic model was to predict the likelihood of switching from own

car to public transport modes as an outcome of shorter shopping travel times, as well as to
investigate the factors influencing the use of own car versus PT (public transport) modes for
daily trips to shopping area. In order to ascertain their impact on the selection of the most
suitable mode of transportation, the models examined the attributes of both own car and PT,
including socio-economic variables, personal information, and shopping travel time. The
dependent variables in the models were “0” for the use of own car and “1” for the use of public
transportation. Age, household size, shopping distance, shopping travel time and car ownership
were among the descriptive characteristics for shopping trips. The own car was used as the
foundation case for case estimation. Thus, a variable in the choice of own car that has a positive
coefficient denotes a fall in the use of PT, and a higher negative rate of coefficient denotes a
decrease in the use of PT modes.
4.1 Mode Switch Model: Private Car vs. Public Transport for Shopping Trip

The estimation sample and holdout sample (for model validation) were separated from the data.
150 samples were used for model validation and 750 samples were selected for model
estimation. With 0 denoting a car and 1 denoting PT, mode switch was thought to be the
dependent variable. An examination of shopping trip models outcomes were conducted and

Table 1 displays the best model outcome.

Table 1 Binary logistic model estimation for public transport switch under shopping trip (n = 750 samples)
95% C.l.for EXP(B)

Variable coefficient S.E. df Sig. Exp(B) Lower Upper
Age -0.867 0.18 1 0.000 0.42 0.295 0.598
Household size 1.796 0.308 1 0.000 6.023 3.293 11.017
Shopping travel time -1.067 0.215 1 0.000 0.344 0.226 0.524
Shopping distance -2.177 0.271 1 0.000 0.113 0.067 0.193
Car ownership -1.625 0.327 1 0.000 0.197 0.104 0.374
Constant 6.929 1.173 1 0.000 1021.06

Summary of statistics

-2 Log likelihood 205.514a

Chi square 579.754 5 0.000

Cox & Snell R? 0.538

Nagelkerke R? 0.830

Number of observation 750

Dependent variable: 1 = Public transport, 0 = Car

COPY RIGHT © GUJES VOL. NO. 1, ISSUE NO.1, MARCH

2025 40


http://gujes.gu.edu.ly/
mailto:gujes@gu.edu.ly

Gharyan University Journal of
Engineering Science (GUJES)

Website: http://gujes.gu.edu.ly
email: gujes@qu.edu.ly

Table 1 displays the significant characteristics of shopping travel time, shopping distance, age,
household size and car ownership with significant levels reaching 0.0000.

According to Abuhamoud [7], Bajracharya [8], Dayton [9] and Essia [10], in the binary logistic
probability model where only two options are present, the model is written as in Equation 1.

_ 1
T Ty e =
Where
Pa = probability of own car users’ switch to PT modes.
u = utility function for bus mode.
e = the base of natural logarithms (approximately 2.718).

The study utility function for PT was shows as in Equation 2.

U, = By + BlKAge + BoXpg + BaXer + BuXey + BeXp (2)
Where

Up = utility function for bus modes

Bo = the model specific constant

B1,B2,..,Ps = coefficients associated with explanatory (significant variables

X1, X2,.,Xs = individual explanatory variables

Age =age

Hd = household size

ST = shopping travel time

Sd = Shopping distance

no = number of own car per household.

As demonstrated in Table 2, the The omnibus tests for the model coefficients revealed a
significance of p<.001 with a chi-squared value of 579.754 and df = 5. This is a test of the null
hypothesis, which holds that the ability to predict the study participants' decisions is not
substantially improved by the addition of independent variables to the model. The current
model's coefficient are therefore determined to be statistically significant.

Table 2 Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 579.754 5 .000
Step1l  Block 579.754 5 .000
Model 579.754 5 .000

Table 1 shows, -2LL with a value of 205.514a, with a chi-square value of 579.754 (p <
0.001) indicating that the model with 5 variables is significant. Additionally, Cox & Sell and
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Nagelkerke R square values of 0.538 and 0.830 also show that the model fits well with R square
values close to 1.

The "odds ratio”, exp(p), which shows how the independent variables affects the odds ratio, is
a way to explain the logistic coefficient that typically offers more information (particularly for
the dummy independent variables). Stated differently, the odds ratio is calculated by dividing
the likelihood of an event happening by likelihood that it won't. for instance, a change of one
unit in X would double the likelihood of the event occurring (0.598/0.295) since the 95% C.1I.
for exp(B) 2 = (from 0.598/0.295, that is, a probability of 0.598 for the event occurring and
0.295 for the event not occurring).

All of the study's variables were significant at the 0.05 level, as Table 1 shows. It was
discovered that age had a considerable influence on the switch to modes of transport, with is
found to significantly transport switch with coefficient -0.867 and likelihoods ratio of 0.42
(95% CI: 0.295-0.598). Likelihoods smaller than 1 indicate that the larger the age of
respondents, the more likely they will switch to car. With a reduction in an age group, the
chance of switching to public transport modes will increase by 2.38%.The size of Household
had significant effect on transport switch with coefficient of 1.796 and likelihoods ratio of
6.023 (95% CI: 3.293-11.017).

A positive coefficient means that the probability of respondents using PT will increase by a
factor of 6.023 for every unit increase in household size group. With a coefficient of -1.067
and likelihoods ratio 0.344 (95% CI: 0.226-0.524), the outcomes indicate that shopping travel
time is a significant factor for transportation switching. An increase in the group's unit
shopping travel time will lower the likelihood of switching to PT by 65.6%. Similarly, a
negative coefficient Of -2.177 and a likelihood ratio of ratio 0.113 (95% CI: 0.067-0.193) are
identified for shopping distance. Thus, a person is less likely to switch to PT if the shopping
distance is longer.

More specifically, the probability of selecting PT will increase by a factor of 8.85 for every
unit reduction in the shopping travel distance group.

Lastly, it was discovered that the number of people who own a car has a major influence on
the decision to switch modes of transportation. According to the prior odds ratio of 0.197 (95%
Cl: 0.104-0.374) and the coefficient of -1.625, respondents who own cars are less likely than
those who do not use PT. it is easy to see that the likelihood of taking PT will decrease by
80.3% for every unit increase in the number of people who possess their own cars.

In order to determine the goodness-of-fit, Hosmer-Lemshow, statistic creates 10 ordered

groups of individuals and compares the number in each group (observed) to the number
I ———
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predicted by the logistic regression model (expected), as shown in Table 3. With a desirable
outcome of non-significance, the test statistic is a chi-square statistic, indicating that there is
no significant difference between the observation and the model assumption.

The ratio of the likelihood function's maximum value for the whole model to its maximum
value for the simplest model is uses in the probability-ratio test. The model statistics from
Hosmer and Lemeshow’s goodness-of-fit test, were computed and assembled for improved
support as indicated in Table 3.

The test shows that the observed and anticipated value were insignificantly different (chi
square = 3.365, df = 8, p = 0.909) suggesting that the model fit is excellent. Figures 1 and 2
display the model fit's graphical distribution. If the observed points are dispersed about the
projected fitting line, this indicates that the model fits. The scattering of the points around the
fitting line leads the researcher to the conclusion that the model fits the data adequately. How
well the model fit the Hosmer and Lemeshow’s test's Goodness-of-Fit test statistic was
determined by assessing the quality of data modelling.

As indicated in Table 3, a chi-square test was performed between the observed values which
the researcher empirically collected through direct observation and expected frequencies. The
expected values were created based on certain hypotheses. For both transport modes, there was
a slight discrepancy between the expected and observed values as the chi-square value was not
statistically significant.

Table 3 Hosmer and Lemeshow’s test for shopping trip (n = 750 samples)

Car Public Transport

No. Observed Expected Observed Expected Total
1 75 75 0 0 75
2 75 74.995 0 0.005 75
3 76 75.977 0 0.023 76
4 75 74.913 0 0.087 75
5 74 74.712 1 0.288 75
6 75 73.923 0 1.077 75
7 72 71.662 4 4.338 76
8 51 52.768 24 22.232 75
9 13 11.858 60 61.142 73
10 1 1.192 74 73.808 75

Chi-square Df Sig.
3.365 8 0.909
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Figure 2: Observed vs. predicted by public transport

Figure 1 and 2 shows the model's good-fit as the observed and predicted values were
extremely near to one another. As seen in Table 4, classification matrices were also computed to
evaluated how well the model fit the data. According to these measurements, the model
accurately identified 0.0% of the bus cases and 100% of the own car cases. The accuracy of the

likelihood was 78.3%. these probabilities are divided from the model when the constant is the
lone input.
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Table 4 Observed by all trips models for (car vs. Public transport) under shopping trip (n = 750 samples)

Observed Predicted
Car Public transport % Correct
Car 587 0 100.0
Step 0 Public transport 163 0 .0
Overall Percentage 78.3

The cut value is 0.50

The calculated logistic model for shopping trips expected and observed frequencies are
presents in Table 5. According to the chance criteria of 82.5%, the overall success rate of 94.5%
was higher than the proportionate accuracy of 25% indicating that the logistic model has good
discriminatory capabilities. The findings indicate that 97.4% of people how drive their own
cars had access, but 84.0% of people who utilize PT were appropriately categorized. The
model's overall accuracy of 94.5% shows that it fits the data well, and its average expectations'
were accurate at 94.5%.

Table 5 Classification table for binary logistic model under shopping trip (n = 750 samples)

Predicted
Car Public transport % Correct
Observed  Car 572 15 97.4
Step 1 Public transport 26 137 84.0
Overall Percentage 94.5

proportional accuracy by chance 25% criteria = 82.5

5. Probability Prediction

This section generated the probability of transport switch in holdout sample (for model
validation) sample (150) using a probability function of 750 samples. The group was also,
classified using a Cut-off value of 0.5. If the probability is less than or equal to 0.5, the sample
will be assigned to the own car group, if the probability is more than 0.5, the sample will be
assigned to the PT group. Then, using the classification table shown in Table 6 below, the
probability function's prediction power for the holdout samples was assessed, the probability
function properly predicted 83.7% of car users, but only 70.4% of public transport users,
according to the table. The overall success rate was 81.3%, which is still significantly higher
than the random proportional accuracy of 25%, which comes out to 88.1%. This suggests that
the probability function has a good capacity for shown, by Equation 3 and Table 6.

1

P = 1 _|_ e126.929—D.BE'.'-’:—Aga+1.?96:—Hd—1.[!16'?:-5'1"—2.1'.'-".'-’s_f.'r!—l.E-EEs:lm (3)
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Table 6 Classification table for shopping trip probability function

Predicted
Car Public transport % Correct
Observed Car 103 20 83.7
Public transport 8 19 70.4
Overall Percentage 81.3

proportional accuracy by chance 25% criteria = 88.1

Table 6 shows that the estimated logistic model has an overall success rate of 81.3%, which is
higher than the random criteria's 25% relative accuracy of 88.1%. This suggests that the
estimated logistic model does a very good job of showing between the two groups. 83.7% of
respondents who used their own cars were correctly classifies compared to 70.4% of
respondents who used PT modes. Consequently, the 81.3% total accuracy provides information
on how the model fits.

6. Validation
Table 7 summarizes the outcomes of the binary logistic model validation of the user of a

shopping trip with five factors. In order to acquire the validation model, 150 test cases were
introduced and subsequently chosen; the independent variables with p-values less than 0.05
served as the basis for the criteria for significant levels. With p-values less than 0.05, it seems
that every factor was significant according to the p-values in this table. The likelihood that we
will make a type | error, or reject the null hypothesis when it is true, is known as the significance
level. Therefore, there is a 5% risk of committing a type | error if we select a significance
threshold of 0.05 (strong evidence).

Table 7 Binary logistic model validation for public transport shift under shopping trip (n =150 samples)
95% C.l.for EXP(B)

Variable B S.E. Df Sig. Exp(B) Lower Upper
Age -1.601 0.691 1 0.020 0.202 0.052 0.781
Household size 4.759 1.555 1 0.002 116.686 5.535 2459.763
shopping travel time -1.696 0.843 1 0.044 0.183 0.035 0.957
shopping distance -3.166 1.043 1 0.002 0.042 0.005 0.326
Car ownership -4.91 1.657 1 0.003 0.007 0.00 0.19
Constant 8.857 3.943 1 0.025 7024.85

Summary of statistics

-2 Log likelihood 24.607a

Chi square 116.811 5 0.000

Cox & Snell R Square 0.541
Nagelkerke R Square 0.886
Number of

observation 150

Dependent variable: 1 = Public transport, 0 = Car
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The table illustrations the significant characteristics that indicate age, household size, shopping
travel time, shopping distance and car ownership with significant level 0.0000. The binomial
logit model that only has two possibilities is write as in Equation 4.

Fa 1+e" ()
Where

Pa = probability of own car users’ switch to public transport modes

u = utility function for bus mode

e = the base of natural logarithms (approximately 2.718).

The study utility function for public transport is shows as in Equation 5.
U, = By + Elxﬂge + BoXpa + BaXsr + BaXes + BsXpo (5)

On the other hand, the model is
U, = 8.857 — 1.601 = Age + 4.759 * Hd — 1.696 * 5T — 3.166 *Sd — 4.91 * no (6)

Where
Up = utility function for bus modes
Bo = the model specific constant
B1,B2,..,Ps = coefficients associated with explanatory (significant variables
X1, X2,.,Xs = individual explanatory variables
Age =age
Hd = household size
ST = shopping travel time
Sd = shopping distance
no = number of own car per household.

The model's summary statistics reveal a significant correlation, indicating a perfectly fitted
model, with the Nagelkerke R? at 0.886 (close to 1), the Cox & Snell R? value at 0.541 and the
-2 Log likelihood (-2LL) anchored at 24.607a. According to Table 7, every variable seemed to
be significant at the 0.05 level of significance. The transport switch model is still significantly
impacts by age, as seen by the coefficient of -1.601 and an odds ratio of 0.202 (95% CI: 0.052-
0.781). The likelihood that respondents will move to own car increase with their age, according
to odds less than 1. Switching to PT is more likely when the age group decrease by one unit. A
significant determinant in this switch is household size, as seen by the coefficient of 4.759 and
odds ratio of 116.686 (95% CI: 5.535-2459.763). According to the positive coefficient,
respondents are more likely to switch to PT for every unit increase in the household size group.
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With a coefficient of 1.696 and likelihoods ratio 0.183 (95% CI: 0.035-0.957), the outcomes
indicate that shopping travel time is significant factor for transport switching. Therefore, the
likelihood to PT modes will decrease with an increase of own car in the shopping travel time
group. Similarly, a negative coefficient of -3.166 with odds ratio 0.042 (95% CI: 0.005-0.326)
are identified for the shopping distance. Therefore, people are less inclined to switch to PT the
farther they have to go shopping. In particular, decreasing the shopping travel distance group
by one unit will increase the probability of selecting PT modes. In the end, the number of
people who own cars has a big influence on transportation switching. According to a likelihood
ratio of 0.007 (95% CI: 0-0.19) and a Coefficient of -4.91, respondents who own car are less
likely than those who do not to use PT. it is easy to see that the likelihood of using PT option
reduces with every unit increase in the number of own car users. The outcomes of the binary
logistic regression with (750) data points are consistent with the evaluation of the coefficient,
which clearly shows that independent variables like age, shopping travel time, shopping
distance, and own car ownership are significant and have negative value. However, the
independent variable, such as household size is shown to be significant, which is in line with
the outcome of the current data. A positive coefficient indicates that the likelihood of switching
to PT modes increases with household size. As demonstrated in table 8, the classification table
also assesses the model's validation. The estimated logistic model's overall success rate of 96%
was higher than the proportional accuracy of 25% and the criteria of 88.1% by chance,
indicating that the estimated logistic model effectively distinguishes between the two groups.
88.9% of respondents who used PT were properly predicted compared to 97.6% of respondents
who used their own cars. As an outcome, the 96% overall accuracy indicates that the model

fits the data well.
Table 8 Classification table for model validation under shopping trip (n=150 samples)

Predicted
Car Public transport % Correct
Observed  Car 120 3 97.6
Public transport 3 24 88.9
Overall Percentage 96.0

proportional accuracy by chance 25% criteria = 88.1

7. Conclusion

This research examines the behaviour of transport users in Tripoli roads between two current
transport modes available, namely private transport vehicles as (own car, taxi, minibuses) and
public transportation vehicles, and it determines the switch to that travellers make when
choosing their transport mode. As the mode switch model between using PT and driving own
car. To investigate the factors influencing PT users and predict the likelihood of a change in
PT users with regard to different shopping travel times and distances, a binary logistic model
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for shopping trip was created for two options; own car and PT modes. In order to ascertain the
relative influence of demographic and socio-economic and mode attributes on the mode switch
behaviour, the model looks at the features of both owning a car and using PT, including
shopping travel time, shopping travel distance and characteristics to determine the relative
influence of demographic, socio-economic characteristics. In actuality, every variable was
significant at 0.05 level. A wide range of respondent's viewpoints and their likelihood of
selecting the best travel services are indicated by the probability prediction of policy switch.
Nurdden et al. have identified the factors that prevent private car users from using public
transport so that rational policies could be express to encourage greater use of public transport
[11]. Mackett have identifies different policy actions to reduce own car use for different types
of trips as shopping trip and the actions that are required to meet the travel needs that the car
currently fulfils [12]. Reduced shopping travel time and the availability of dedicated lanes for
PT modes were the two most significant factors that were determined to be likely to encourage
the usage of PT. Finally, it has been concluded that the factors playing a significant role in the
switch own cars ownership to public transportation modes include reducing shopping travel
time. By improving this factor through the introduction of public transport services into the
road network of Tripoli, a large proportion of respondents from residential area in Tripoli will
switch to the public transport, which will also contribute to enhancing environmental protection
and ecological balance. Accordingly. In order to optimize travel time for all types of city trips,
this study suggests a few measures to promote the use of the public transportation system with
divided lanes on Tripoli's network roadways.
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Abstract

Accurate soil resistivity measurements are essential for the effective design of grounding systems, particularly
in environments where soil properties vary significantly with depth and environmental conditions. This study
presents a comparative analysis of soil resistivity measurements using the Wenner four-point method at two test
sites in Sabratha, Libya. Measurements were conducted using both Megger and Fluke instruments to evaluate
data consistency and identify subsurface variability. Results show that while shallow-depth readings were
consistent across devices, significant divergences occurred at greater depths due to heterogeneous soil layering.
The analysis reveals a distinct variation in resistivity profiles across different locations and instruments, indicating
layered soil structures and fluctuating conductivity due to environmental factors such as rainfall. Results from the
Megger and Fluke instruments show consistency at shallow depths but diverge at greater depths, with Fluke
detecting a steeper drop in resistivity, potentially signifying a deeper transition to more conductive layers. three-
layer soil model derived through CDEGS simulation further validated field observations, indicating a highly
resistive intermediate layer overlying a more conductive sublayer. These findings underscore the importance of
multi-depth profiling and instrument selection in designing robust and safe earthing systems.

Keywords: Soil Resistivity, Earthing Systems, Wenner Method, Instrumentation Comparison, Sodium Chloride,
Bentonite

1. Introduction
Soil resistivity is a key factor that affects how well grounding systems perform. Therefore,

accurate soil resistivity measurements and modeling are essential for predicting the behavior
of grounding systems in such high soil resistivity [1]. Soil Resistivity significantly depends on
soil composition, moisture content, temperature, and other environmental factors [2]. A high
soil resistivity can lead to inadequate grounding, which poses safety risks and may cause
equipment malfunction. Therefore, understanding and properly assessing soil resistivity helps
engineers design grounding systems that are both safe and efficient, ensuring that electrical
faults are properly dissipated into the earth. The primary goal of grounding is to provide a safe
path for discharging excess currents resulting from electrical faults or lightning strikes, thereby
protecting individuals from the risk of electric shock and safeguarding equipment. Grounding
theory is based on physical principles such as equalizing electrical potentials between different
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metallic parts, preventing dangerous voltage differences. Various configurations have been
devised for measuring soil resistivity, with the Wenner method illustrated in [3]—being one of
the most commonly used techniques. Although it is not typically recommended for power
engineering applications [2], soil resistivity can still be assessed in laboratory settings using
alternative methods [4].

The motivation for this paper stems from the growing need to design efficient and reliable
grounding systems in high soil resistivity sites.

2. Factors Affecting Soil Resistivity

Soil resistivity is a variable characteristic that indicates how much the soil resists the flow of
electrical current. It is influenced by a variety of physical, chemical, and environmental factors,
making it a critical parameter in fields such as electrical engineering, geotechnical studies, and
agriculture. Understanding these factors is essential for designing effective grounding systems,
preventing corrosion, and optimizing agricultural practices. Below is an explanation of the key
factors affecting soil resistivity:

2.1 Soil Type

The type of soil plays a significant role in determining its resistivity. Soil is composed of
various minerals and organic materials, and its resistivity varies depending on its composition.
For example, clayey soil contains minerals like montmorillonite or kaolinite, which have a high
surface area and can retain water and ions, making it highly conductive and resulting in low
resistivity (10-100 Q.m) [5].

2.2 Moisture Content

Moisture is one of the most critical factors affecting soil resistivity. Water acts as a conductor
when it contains dissolved ions, such as calcium (Ca) or magnesium (Mg). As the moisture
content in the soil increases, its resistivity decreases significantly [5].

2.3 Salt Content

The type of salt also influences resistivity; highly soluble salts like sodium chloride have a
more pronounced effect compared to low-solubility salts like calcium sulfate. In coastal areas
or regions with saline groundwater, soil resistivity is typically very low due to the high salt
content [5].

2.4 Temperature

Temperature has a direct impact on soil resistivity. At low temperatures (below 0°C), water in
the soil freezes, stopping the movement of ions and sharply increasing resistivity. Conversely,
________________________________________________________________________________________________________________|
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at higher temperatures (25-50°C), ion movement increases, reducing resistivity. However, if
high temperatures lead to evaporation and drying of the soil, resistivity may increase again due
to the loss of moisture [5].

2.5 Soil Stratification

Soil is often composed of multiple layers, each with different properties. For example, a clayey
surface layer with low resistivity may overlie a rocky layer with high resistivity. This
stratification affects the overall resistivity of the soil and must be considered when designing
systems like grounding networks [5].

2.6 Chemical Contamination

Chemical pollutants can alter the resistivity of soil. For example, acids like sulfuric acid can
dissolve minerals and increase the concentration of ions, reducing resistivity. On the other
hand, oils or petroleum can form an insulating layer on soil particles, increasing resistivity [5].

3. Wenner Four Point Method

Methods for measuring soil resistivity include using an Earth Resistance Meter, which operates
based on the four-electrode method. This involves inserting four metal electrodes into the soil
and connecting them to the device to measure resistivity. Methods for measuring soil resistivity
include using an Earth Resistance Meter, which operates based on the four-electrode method.
This involves inserting four metal electrodes into the soil and connecting them to the device to
measure resistivity.

Measuring soil resistivity is fundamental in the case of designing an earthing system. The
factors that affect soil resistivity have been explored, therefore, by establishing an accurate way
of measuring soil resistivity, models can be produced to generate valid simulations and
contribute to a good earthing design. Comprehensive studies have been conducted to establish
a soil resistivity measurement technique with the main method being the Wenner method [6].
This measurement involves a four-probe array in a straight line that is inserted into the earth of
equal depth with a spacing that is constant. The two outer probes are used to inject a test current
and the two inner probes are used to measure the potential difference across the two points. A
simple rearrangement using Ohm’s law gives the resistance of the soil. Figure 1 shows a model
of the Wenner arrangement.

It was deduced by Wenner [6,7] that the soil resistivity can be determined by using Equation
1.

p = 2maR (1)
Where:

a: is the distance between the probes (m)

R: is the measured resistance (€2)

p: is the calculated soil resistivity (€2.m)
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Current (1) Current (]

Figure 1: Wenner Four Probe Method [6]

4. Result and Discussion

The test site used to conduct all measurements was on a farm at Sabratha city (Talil). Figure 2
shows an aerial view of the farm detailing the locations of the test sites. The Wenner method
was used to measure the soil resistivity for both sites a and b. Two profile tests were performed,

and the profile one is perpendicular to profile two and both were measured at the same time
and has the same length (39m).

Figure2: Satellite image of measurement location at Sabratha test site

The Megger DET4TR2 was used, and it is an advanced device for measuring earth resistance
and features several characteristics that make it suitable for use in various environments. Figure
3 compares the soil resistivity measurements for two distinct profiles. The graph illustrates how
soil resistivity (2-m) varies with Wenner spacing (in meters), indicating the subsurface soil
properties at increasing depths. Both profiles show initial increases in resistivity, suggesting a
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near-surface resistive layer (e.g., dry or rocky soil). Profile one exhibits higher resistivity and
a broader peak compared to profile two, possibly indicating a thicker or more resistive upper
layer. The decrease in resistivity for both profiles at greater spacings implies the presence of a
deeper, more conductive layer (e.g., moist or clayey soil). However, the resistivity in profile
two decreases more rapidly than in profile one, which could suggest a thinner resistive layer or
a shallower transition to a conductive layer.
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Figure 3: soil resistivity measured by Megger

Figure 4 presents a graph comparing soil resistivity values at Site a and Site b as a function of
Wenner Spacing (measured in meters). At Site a, resistivity initially shows an increasing trend,
followed by a decline. This pattern suggests the presence of a resistive layer (e.g., dry or rocky
material) beneath the surface, which is more pronounced at intermediate spacings. As the
spacing increases, the resistivity starts to decrease, possibly indicating a transition to a more
conductive layer, such as moist or clayey soil.

In contrast, Site b exhibits a steady decline in resistivity with increasing spacing. This
consistent decrease suggests an increase in soil conductivity, likely due to higher moisture
content or the presence of clayey materials.
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Figure 4: Variation of Soil Resistivity with Wenner Spacing at Different Sites
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Figure 5 shows a comparison of soil resistivity measurements taken using two different
instruments: Megger and Fluke, across various Wenner Spacing values (in meters). Wener
spacing (a) represents the spacing between electrodes in the Wenner method of soil resistivity
testing. Greater spacing allows measurements deeper into the ground. As can be seen from
figure that both instruments start with very similar readings at smaller spacings (1-2 m),
indicating consistency at shallow depths. At the middle-range spacing (4-8m), the readings
show some deviation. Fluke instrument shows a small peak at 6m and the its values tend to be
higher than Megger instrument, while Megger shows a smoother curve. At the large spacing
(14m), Fluke shows a much sharper drop compared to Megger, suggesting it detects a
significant change in soil composition or moisture content deeper down.
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Figure 5: Comparison of Soil Resistivity Measurements Using Megger and Fluke Instruments at Varying
Wenner Spacings

4.1 Soil Treatment

To reduce the earthing (grounding) resistance for any type of earth electrode, the low soil
resistivity and high conductivity materials are usually used. In the past, the Chloride Sodium
was often used, but this type of the salt has some disadvantages such as causing a corrosion for
the material of the vertical electrode. Today, a lot of materials were used such as the Bentonite
(Clay) which has low resistivity and retain moisture, which can help to increase the
conductivity. In this paper, the comparison between the Chloride Sodium and bentonite was
performed at the field to reduce the earthing resistance of the vertical electrode, as shown in
Figure 6. In this test, a 1m vertical electrode was used, and 3inchs of the Chloride Sodium and
Bentonite layers are being used surrounding the vertical electrode.

The results were tabulated in table 1. as can be seen from the table that, using the Sodium
Chloride dropped the resistance significantly to 44.10 Q, resulting in an 85.2% reduction.

However, Bentonite reduced the resistance to 58.70 2, which is also a strong improvement,
-
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with an 80.3% reduction which slightly less effective than NaCl, it is beneficial in
environments where long-term moisture retention is needed.

Injection point § Injection point Injection point

Air

Soil *--4}---—--

Vertical Electrode

/ / \ Bentonite
e

sodium chloride

2m 2m

............

Figure 6: Experimental Setup for Treated Vertical Earthing Electrode in Soil

The results were tabulated in table 1. as can be seen from the table that, using the Sodium
Chloride dropped the resistance significantly to 44.10 Q, resulting in an 85.2% reduction.
However, Bentonite reduced the resistance to 58.70 €, which is also a strong improvement,
with an 80.3% reduction which slightly less effective than NaCl, it is beneficial in
environments where long-term moisture retention is needed.

Tablel Impact of Sodium Chloride and Bentonite on Earthing Electrode Performance

Configuration Earthing Resistance (Q2) Reduction Percentage (%)
Rod only 29800 | e
Rod with 3inch Sodium Chloride 44.10 85.20
Rod with 3inch Bentonite 58.70 80.30

4.2 Soil Resistivity Simulation

The soil for the resistivity simulation using CDEGDS software (Current Distribution
Electromagnetic Grounding Systems) [8] at test site will be used throughout. Table 2 shows
the most recently derived soil model. As can be seen from the from the table, it’s clear that
there are three-layer soil model. The top soil resistivity layer is 196.35 Q.m with 1.19 m Depth.
This represents the uppermost soil layer, often closest to the surface. It could indicate
moderately resistive soil, such as dry topsoil or compacted ground. The second layer is the
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Middle Layer, and the value of soil Resistivity is 2107.62 Q-m with depth 0.92m. A highly
resistive layer, possibly representing a rocky or very dry layer with minimal moisture content.
The third layer is called lower layer, and its value is 55.68 Q-m. A conductive layer likely
consisting of moist soil, clay, or water-saturated materials, commonly found deeper
underground.

Table2 Soil Resistivity Simulation using CDEGS Software

To Middle Lower
Resistivity Depth Resistivity Depth Resistivity Depth
3 Layer Model
Y (Qm) (m) (Qm) (m) (Qm) (m)
196.35 1.19 2107.62 0.92 55.68 0
Uniform Model Resistivity ((Qm)
196.35

5. Conclusion

Soil resistivity, a key property that determines the soil's ability to conduct electrical current, is
influenced by a multitude of factors, including soil type, moisture content, temperature, salt
content, density, and chemical composition. Understanding these factors is essential for
designing effective grounding systems, especially in constrained sites where soil conditions
may pose significant challenges.

This study underscores the significance of accurate soil resistivity measurements for the design
of reliable grounding systems. By employing the Wenner four-point method and comparing
results from the Megger and Fluke instruments, the research identified layered soil structures
and the impact of environmental factors such as moisture and rainfall on resistivity profiles.
The findings revealed consistent measurements at shallow depths but notable divergences at
greater depths, with the Fluke instrument indicating a sharper transition to conductive layers.
These variations highlight the necessity of multi-depth analysis and careful instrument
selection to account for subsurface heterogeneity. The results provide valuable insights for
engineers designing grounding systems in complex soil environments, ensuring safety and
operational efficiency. Finally, the findings highlight the necessity of employing multi-depth
resistivity profiles and cross-instrument comparisons in order to obtain a comprehensive
understanding of the soil structure. Such insights are pivotal for the engineering of reliable and
effective grounding systems, especially in high-resistivity or environmentally dynamic regions.
Future work could explore seasonal effects and expand testing across diverse soil types to
develop adaptable grounding models. Finally, the results show that excellent effectiveness for
NaCl's better than Bentonite due to ability to attract moisture and improve ion mobility in the
soil.
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