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ARTICLE INFO ABSTRACT

Article History: Overloaded vehicle traffic accelerates road degradation, leading to early failures and
ii‘éi;)";‘é{ %’/égggi high maintenance expenses. Identifying critical roads in areas like Baghdad, Irag, is
' crucial for effective maintenance planning. Road maintenance involves systematic
management to uphold road quality and functionality. However, the absence of
weighing stations and awareness about critical roads in Baghdad exacerbated
maintenance costs. This study aims to present a robust framework for identifying
critical roads that necessitate weighing stations and subsequently determining the
optimal locations for these stations in Baghdad. Through statistical analysis of
responses collected from 61 road maintenance engineers, 22 influential factors for road
criticality and weighing station location were identified. Some key factors emerged as
crucial in identifying critical roads, including truck traffic volume, maintenance and
construction costs, geopolitical importance and lane count. Furthermore, significant
considerations for weighing station placement were identified, such as proximity to
industrial hubs and drainage structures. Validation of the model through case studies
affirmed its efficacy. Policy implications include the need for feasibility studies before
weighing station implementation, data-driven decision-making, road criticality
assessment and strategic weighing station placement. This research contributes to
improved road management practices, aiding in decision-making for transportation
infrastructure enhancement in developing countries like Irag.

Keywords: Weighing stations, Road maintenance, Critical roads, Locating the station
weight in motion.

INTRODUCTION from roads (Zhang et al., 2019; Wang et al., 2020).

Insufficient management in road maintenance results in

Frequent The significance of roads has been closely increased damage and criticality of roads (Shadhar and
linked to the growth and advancement of human Raoof Mahjoob, 2020; Guan et al., 2022). Effective road
civilization (Sewell et al., 2019; Van Noort and Colley, maintenance management plays a vital role in
2021). The cultural and developmental status of a region preventing gradual pavement deterioration. With the
can be assessed based on its proximity to or distance rising number of vehicles, the quality of road services
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declines. Pavement maintenance stands as a crucial
concern for governmental organizations. Inadequate
investment or ineffective maintenance strategies can
lead to substantial long-term economic costs (Hasan et
al., 2020). To uphold and enhance the quality of services
provided by infrastructure projects and avoid potential
deterioration, comprehensive planning is imperative
(Shadhar and Raoof Mahjoob, 2020).

The issue of overloaded trucks poses a significant
challenge on highways, leading to adverse impacts on
pavement longevity, performance, bridge durability,
road safety, average speed and the overall road service
level (Bosso et al., 2020). Overloading represents a
critical threat to the sustainability of road networks in
many countries (Martinez et al., 2018). Ensuring the
safety and integrity of civil infrastructure has become a
global concern due to overloaded vehicles. It is crucial
to closely monitor heavy vehicles to prevent fatigue-
induced deterioration and significant failures within the
transportation infrastructure.

In recent times, there has been a growing demand for
vehicle weight measurement data in the management of
road networks (Maljaars, 2020). The integration of
vehicle weight data with conventional traffic data can
serve various purposes, including heavy vehicle
regulation, road planning, road maintenance, bridge
performance assessment, traffic safety enhancement and
fostering competitiveness (Haugen, 2016).

Methods currently available for measuring vehicle
weight consist of static weighing and weigh in motion
(WIM) techniques (Feng et al., 2020). Static weighing is
commonly regarded as the standard method for
enforcing weight restrictions. Although it can vyield
accurate results, static weighing is time-consuming,
costly to implement and often requires permanent
installation of systems, posing logistical challenges
(Bosso et al., 2020; Costa et al., 2017). Moreover, this
approach involves intercepting specific trucks, leading
to disruptions in traffic flow (Feng et al., 2020). On the
other hand, WIM is one of the key research areas in
remote transportation. Utilizing WIM systems is crucial
for the advancement of intelligent systems, the
regulation of legal road usage and the preservation of
road pavements by preventing overloading and
pavement distortions (Grakovski and Pilipovecs, 2017).

Roads and highways hold significant importance in
Iraqg's transportation infrastructure, playing a crucial role
in the local economy and the country's overall
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development (Mohammed et al., 2017). Irag's
transportation infrastructure has suffered from neglect
and underfunding for more than three decades since
1980 (Hasan et al., 2020). Presently, numerous highway
agencies in lraq face the challenge of inadequate
databases, lacking detailed information about roads and
maintenance activities (Shadhar and Raoof Mahjoob,
2020). Roads experiencing heavy traffic demand more
frequent inspections, as they are more wvulnerable,
particularly in Baghdad province. Neglecting the
maintenance of such roads results in increased costs due
to failures, highlighting the significance of identifying
critical routes that require effective maintenance
management to preserve national assets (Shadhar and
Raoof Mahjoob, 2020).

Considering the aforementioned context, the aim of
this research is to identify the critical roads in Baghdad
that necessitate the establishment of axial weighing
stations. The study focuses on the city of Baghdad to
provide a framework for identifying these critical roads
and determining the optimal locations for the weighing
stations. The research seeks to achieve this aim through
two objectives: first, identifying the critical roads in
Baghdad that require central weighing stations and
second, determining the suitable locations for these
weighing stations on the identified critical roads.

The next section of the study outlines existing
literature concerning weighing systems, emphasizing
their significance in Iraq and identifying research gaps.
Then, the study details the research methodology,
presenting the conceptual model and methods for data
collection. Following this, data analysis is conducted
and statistical tests are carried out. Subsequently, the
results are validated through examination of three case-
study roads. Finally, conclusions are provided.

LITERATURE REVIEW

The maintenance of roads encompasses various
activities aimed at ensuring the proper condition and
functionality of road components, such as pavement,
shoulders, slopes, drainage facilities and other technical
features (Huang et al., 2021).

Weighing System

The WIM system is a valuable technology for
measuring traffic volume and vehicle weight,
particularly for vehicles exceeding the road's capacity,
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without the need for them to stop (Maljaars, 2020).
Road authorities utilize this system to enforce road
transport regulations and effectively manage road
accidents (Otto et al., 2017). An important advantage
of the WIM system is its ability to measure the weight
of moving vehicles without requiring them to halt,
resulting in time savings, fuel efficiency and reduced
manpower requirements (Oskarbski and Kaszubowski,
2016; Zhang et al.,, 2017; Maljaars, 2020). By
deploying sensors on the road surface, the system can
identify vehicles exceeding weight limits and provide
real-time alerts to traffic police personnel (Otto et al.,
2017).

The WIM system incorporates advanced sensors that
enable accurate measurements while vehicles are in
motion. It can even capture license plate images for
identification purposes. Besides weight measurement,
these systems are also employed to gather
comprehensive traffic information (Lin et al., 2022).
Generally, WIM systems can capture data related to
vehicle classification (based on weight, number of axles,
axle distance and size), total gross weight, axle weight,
speed and timestamps for each recorded event (Otto et
al., 2017). Furthermore, weighing-in-motion technology
can also be applied to assess the weight of trains on
railway bridges (Znidari¢ et al., 2016; Costa et al.,
2017).

The WIM technology can achieve greater accuracy
through the utilization of computer vision techniques
(Feng et al., 2020; Hou et al., 2022). According to Mai
et al. (2013), it is essential to ensure the quality of data
collected from weighing stations. They conducted a
correlation analysis to examine unacceptable values in
truck weight data, axle load distribution and
relationships between variables.

In a study conducted by Mahmoudabadi and
Tavakkoli-Moghaddam (2011), weighing stations were
ranked based on their performance using a genetic
algorithm. The factors considered for performance
evaluation included truck traffic volume, overload
incidents and the type of scale (portable or fixed).
Another research proposed an effective approach for
determining the optimal locations to install WIM
systems, considering the control of maximum axle loads
of trucks (Mahmoudabadi and Seyedhosseini, 2013).
Additionally, the optimization of truck weighing station
locations in Saudi Arabia's highway network was
investigated (AlGadhi, 2002). The research employed a
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deterministic flow tracking model with the objective of
maximizing the overall flow of trucks traveling on
intercity highways.

Simulation of weighing station operation
performance using queuing models can help reduce
truck delays in weighing queues (Han et al., 2012). Toll
booths are identified as suitable locations for installing
weighing systems, as they can determine tolls based on
vehicle weight and type (Hang et al., 2013; Truong et
al., 2020). According to Jacob and Feypell-de La
Beaumelle (2010), weighing technology enhances truck
safety by addressing the risks posed by overloaded
trucks, which include traffic accidents and infrastructure
damage. Overloaded trucks also create an unfair
competition among shipping methods and companies,
underscoring the importance of ensuring compliance
with weight regulations.

In Malaysia, vehicle overloading is a major cause of
road pavement damage. The implementation of
weighing systems for vehicle weight control has
improved safety and reduced the instances of weight
violations on Malaysian roads (Karim et al., 2014).
Additionally, the utilization of weighing systems
generates a significant revenue from road users,
contributing substantially to the road maintenance
budget.

The Importance of Vehicle Weighing Stationsin Irag

The significance of vehicle weighing stations in Iraq
has gained attention after years of neglecting the issue
of cargo vehicle overload control. In 2010, the Iraqi
government initiated a vision to address this concern,
leading to the formation of working groups within
relevant ministries to establish a legal framework for the
establishment of axial weighing stations. This effort
resulted in the first amendment of the Iraqi Public Roads
Law no. 35 of 2002, which was subsequently approved
by Law no. (5) of 2013. Instructions for the operation of
these stations were set in 2015. As a result of a tender
process, more than 21 axial weighing stations were
established in southern provinces, including Basra,
Maysan, Wasit, Dhi Qar and Muthanna, with most of
them completed after 2015. However, the selection of
station locations was not adequately studied, leading to
the establishment of stations on roads with minimal
vehicle traffic, while neglecting the presence of many
roads that required these stations.
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Research Gap

Given the increasing traffic of overloaded trucks and
commercial vehicles in Iraq and their detrimental impact
on road pavement, it is crucial to employ new
technologies to mitigate road destruction. The severity
of axial load restrictions in a country reflects its
economic and social status. In many developing
countries, like Iraq, a significant number of heavy
vehicles exceed the permissible load limit, resulting in
pavement damage. Structural failure or rupture occurs
when the stresses on a structure surpass the bearing
capacity of its materials.

Upon reviewing the existing literature, it becomes
evident that previous studies have not adequately
addressed the identification of critical roads requiring
weighing stations. Understanding the characteristics of
these critical roads is essential for determining the
appropriate  location  of  weighing  systems.
Unfortunately, there is a lack of scientific research
focused on identifying and maintaining critical roads in
Irag. Consequently, the present study aims to fill this

research gap and provide valuable insights for
transportation, road and urban  development
organizations, industries, companies, associations and
individuals involved in these fields.

RESEARCH METHODOLOGY

The process of pinpointing crucial roads that require
weighing stations and outlining location markers for
installing weighing systems involves considering a
variety of different attributes. In this study, these
attributes were identified by reviewing existing
literature and conducting interviews with road
maintenance engineers based in Baghdad province. To
collect the insights of these maintenance engineers
regarding these attributes, a structured questionnaire
was utilized. Table 1 provides a summary of the
effective factors for identifying critical roads that
require weighing stations in Iraq, as well as the factors
that affect locating weighing stations on critical roads.

Table 1. The proposed factors impacting the identification of critical roads and
locating of weighing stations in Iraq

No. | Factor/Description References
Factors affecting identifying critical roads
1 Road construction cost (Haugen et al., 2016); (Maljaars, 2020); (Ghanbari & Hasani, 2024)
Annual maintenance cost (Haugen et al., 2016); (Khalifa et al., 2019); (Ghanbari & Hasani, 2024)
3 gglt‘)a};“’erage daily traffic volume 1 1 aranala et al., 2013); (Mai et al., 2013); (Gandupalli et al., 2024)
4 Annual average daily truck-traffic (Ammarapalg etal., 2013); (Mai et al., 2013); (Oskarbski &
volume Kaszubowski, 2016); (Kulovi¢ et al., 2018)
5 Number of lanes (Mai et al., 2013); (Gandupalli et al., 2024)
6 Road length (Maljaars, 2020); (Gandupalli et al., 2024)
7 Maximum allowable speed (Mai et al., 2013); (Khalifa et al., 2019); (Maljaars, 2020)
8 Road type in terms of topography (Oskarbski & Kaszubowski, 2016); (Gandupalli et al., 2024)
9 Maximum road gradient (Haugen et al., 2016); (Abusalem et al., 2019)
10 | Annual number of truck accidents (Jacob & Feypell-de La Beaumelle, 2010); (Gandupalli et al., 2024)
11 | Geopolitical importance of the road (Jacob & Feypell-de La Beaumelle, 2010); (Gandupalli et al., 2024)
Factors affecting locating weighing stations
12 | Close to alternative routes (Kulovi¢ et al., 2018)
13 | Access to road network to serve more (AlGadhi, 2002); (Kulovi¢ et al., 2018)
14 | To be away from road intersections (AlGadhi, 2002); (Oskarbski & Kaszubowski, 2016)
15 To pe away from vertical and (AlGadhi, 2002); (Oskarbski & Kaszubowski, 2016); (Gandupalli et al.,
horizontal curves 2024)
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16 | IO beaway from any drainage (AlGadhi, 2002); (Oskarbski & Kaszubowski, 2016)
structures
17 | Proximity to other weighting stations (Ammarapala et al., 2013); (Kulovi¢ et al., 2018)
Difficulty for trucks to by-pass the .
18 station (Kulovi¢ et al., 2018)
19 | Land-use characteristics (Kulovi¢ et al., 2018); (Khalifa et al., 2019); (Gandupalli et al., 2024)
20 | Sufficient land availability (Kulovi¢ et al., 2018)
21 | Auvailability of utilities (Ammarapala et al., 2013)
29 Ili)l:f)tsance to industrial and agricultural (Ammarapala et al., 2013)

Conceptual Research Model

In the present study, the identification of critical
roads in Baghdad is based on several criteria: 1.
Economic conditions, 2. Traffic conditions, 3.
Topographical and geometric conditions and 4. Safety
and security. Similarly, the location of the weighing
stations on these critical roads is determined by the

following criteria: 1. Traffic efficiency, 2. Technical
conditions and 3. Economic conditions. The conceptual
model of this research, illustrated in Figure 1, outlines
the framework for the process of identifying critical
roads and subsequently determining the optimal location
for the weighing stations on these roads.
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Figure (1): Conceptual model of the research

Data Collection, Population and Sample

For data collection, a questionnaire was utilized in
this study. The authors developed a structured
questionnaire by extracting the affecting factors from
the literature (Table 1). According to the conceptual
model presented in Figure 1, the designed questionnaire
had two sections; the first section was based on 11 items
classified in 3 dimensions and the second section was
based on 11 items classified in 3 dimensions. The
questionnaire had 31 specialized questions. The research
questionnaire utilized a 5-point Likert scale as the
answer options for the questions.

The questionnaire was then distributed to experts,
specifically maintenance engineers actively involved in
road projects in Baghdad province, who possessed a
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minimum of a bachelor's degree and had a work
experience of more than 3 years. To ensure clarity and
accuracy in responding to the questionnaire, the authors
provided additional explanations to the experts. The
respondents participated in the survey of this research
with fully informed consent and since they were mostly
maintenance engineers, they were interested in knowing
the results of the research for exploitation in their
organizations.

A total of 70 maintenance engineers in Baghdad
received the questionnaire and 61 engineers responded
to all the questions. Hence, the return rate of the
questionnaire was 87.14% and the sample size for this
research was deternined to be 61 engineers. Table 2
provides the demographic characteristics of the
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respondents. The majority of the respondents were aged
between 30 and 40 years (54.10%), followed by those
over 40 years (34.43%). Regarding specialty, civil
engineering was the most common specialty (85.25%),

while the majority had an experience ranging from 15
years to 25 years (39.34%). In terms of education,
bachelor degree holders were most prevalent (47.54%),
followed closely by master degree holders (45.90%).

Table 2. Respondents' demographic characteristics

Characteristics Category Frequency Percentage
> 40 21 34.43%
Age 30-40 33 54.10%
<30 7 11.48%
Civil engineering 52 85.25%
Architecture 3.28%
Specialty Electricity 1.64%
Mechanics 4.92%
Other 4.92%
> 25 14 22.95%
15-25 24 39.34%
Experience 10-14 14.75%
6-9 14.75%
3-5 8.20%
PhD 6.56%
Education level Master 28 45.90%
Bachelor 29 47.54%

The study's methodology has limitations affecting
result interpretation. The questionnaire design might have
influenced response quality and depth. The sample's
representativeness, mainly Baghdad road maintenance
engineers, limits broader applicability. Data collection
challenges, like time constraints and accessibility issues,
may have impacted data comprehensiveness.

Relative Importance Index Test

To determine the weight or importance of each item,
the formula for the Relative Importance Index (RII) was
employed based on the data obtained from the experts'
questionnaires, as observed in previous studies
(Shahsavand et al., 2018; Zidane and Andersen, 2018;
Shrestha and Shrestha, 2019;). The RIl formula is
represented by Equation 1:
Yiei Wi
AXN M

where RII signifies the relative importance index and
Wi, denotes the weight assigned to each factor by the
respondents (ranging from 1 to 5). A represents the
highest weight (which is 5 in this study) and N signifies

RIl =
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the total number of respondents. The RII value ranges
from 0 to 1, with a higher RII indicating a higher level
of importance for that particular factor.

By combining the 5-point Likert scale with the RII
method, factors with an RIl value below 0.6 are
considered to be ineffective and not significant in
identifying critical roads or determining the location of
weighing stations on critical roads. The RII values allow
for the prioritization of influential factors based on their
level of importance.

RESULTS

Data Analysis Techniques

The data obtained from the questionnaires was
subjected to analysis using SPSS 20 software. Various
statistical techniques, including tests for data normality,
data reliability and correlation, were employed to verify
the accuracy and reliability of the collected data.

Data Screening, Reliability and Validity
The questionnaire utilized in this study comprised
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two sections. The first section encompassed 11
questions  concerning  factors influencing the
identification of critical roads necessitating weighing
stations, while the second section involved 11 questions
concerning factors influencing the placement of axial
weighing stations. The data obtained from the
questionnaire underwent assessment through the
Kolmogorov-Smirnov ~ test,  affirming  normal
distribution at a 95% confidence level. To ensure
questionnaire validity, insights were gathered from

academic professionals and integrated into the
questionnaire.  Furthermore, input from road
maintenance managers in Baghdad government

agencies was incorporated. Data reliability, denoting the
measurement tool's consistency in vyielding similar
outcomes under comparable circumstances, was gauged
via Cronbach's alpha. Utilizing SPSS software, the
reliability coefficient was computed at 0.83. Given that
this figure surpasses the threshold of 0.7, it indicates the
questionnaire's requisite reliability (Sekaran and
Bougie, 2016; Hinton and McMurray, 2017).

Correlation Test

Correlation analysis is a statistical linear method
used to assess the relationship between two variables or
sets of data, without implying causation. It examines the
association between variables independently of other
factors. Pearson correlation coefficient is commonly
employed when the data follows a normal distribution,

while Spearman correlation coefficient is used for non-
normally distributed data. Correlation analysis allows us
to determine the nature and strength of the relationship
between variables. In this study, since the variables
exhibited a normal distribution, Pearson's correlation
test was conducted using SPSS software. The
correlation analysis was performed based on the
questionnaire responses of 61 participants.

Identification of Critical Roads

The questionnaire responses from the 61 participants
regarding the identification of critical roads requiring
weighing stations were analyzed using the RIl method.
The RII scores for all factors were computed and are
presented in Table 3. According to the RII analysis, the
top five factors for identifying critical roads requiring
weighing stations are as follows:

* Annual average daily truck traffic volume

» Annual maintenance cost (per kilometer)

* Road construction cost (per kilometer)

« Geopolitical importance of the road

* Number of lanes.

From Table 3, it can be observed that among all the
characteristics considered for identifying critical roads
that require weighing stations, the annual number of
truck accidents had the lowest rank. This indicates that
this particular factor has a limited influence on
determining the criticality of a road and the need for a
weighing station.

Table 3. Ranking of factors influencing the identification of critical roads

Code Factor (Sub-criterion) RIl | Rank
F4 | Annual average daily truck-traffic volume 0.911 1
F2 | Annual maintenance cost (per km) 0.826 2
F1 | Road construction cost (per km) 0.764 3
F11 | Geopolitical importance of the road 0.731 4
F6 | Number of lanes 0.721 5
F8 | Road type in terms of topography (plain terrain; rolling terrain; mountainous terrain) | 0.705 6
F7 | Road length (km) 0.682 7
F9 | Maximum road gradient 0.682 8
F3 | Annual average daily traffic (AADT) 0.679 9
F5 | Maximum allowable speed 0.662 | 10
F10 | Annual number of truck accidents 0.623 | 11

Locating the Weighing Stations
The questionnaire responses from the 61 participants
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regarding the location of the weighing stations on
critical roads were also analyzed using the RIl method.
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The RII scores for all factors were computed and are

presented in Table 4. According to the RII analysis, the

top five factors for locating weighing stations on critical

roads are as follows:

« Difficulty for trucks to bypass the station to avoid
weighing

* Distance to industrial and agricultural hubs

+ Land use characteristics

* Proximity to other weighing stations (existing or
planned)

* To be away from any drainage structures (e.g. culverts
and bridges).

From Table 4, it can be observed that the availability
of utilities has the lowest rank among all the factors
considered for locating weighing stations. Therefore, it
is not a significant factor in determining the location of
the weighing stations. On the other hand, the difficulty
of the site is identified as a highly important and
effective factor in preventing trucks from bypassing the
station.

Table 4. Ranking of factors influencing the selection of
vweighing station locations on critical roads

Code Factor (Sub-criterion) RIl | Rank
F18 | Difficulty for trucks to by-pass the station to avoid weighing 0.826 1
F22 | Distance to industrial and agricultural hubs 0.816 2
F19 | Land-use characteristics 0.807 3
F16 | To be away from any drainage structures (eg. culverts and bridges) | 0.797 4
F17 | Proximity to other weighing stations (existing or planned) 0.797 5
F15 | To be away from vertical and horizontal curves 0.793 6
F20 | Sufficient land availability 0.774 7
F13 | Access to road network to serve more 0.767 8
F12 | Close to alternative routes 0.764 9
F14 | To be away from road intersections 0.757 10
F21 | Availability of utilities 0.744 11

Validation

This part of the study focuses on validating the
model utilized in the study. To achieve this objective,
three primary roads in Baghdad were chosen as case
studies to assess the model's performance. The objective
is to determine whether these three roads meet the
criteria of being classified as critical. Table 5 provides

an overview of the specifications of the selected roads,
while Figure 2 displays their respective locations within
the province of Baghdad. It should be noted that Kut and
Mosul roads have recently been equipped with weighing
stations, whereas road number 3, (Baghdad-Floga )
currently lacks a weighing station.

Table 5. Specifications of 3 main roads in Baghdad for model validation

Length Width Weighting
# Road Type (km) (m) Number of lanes station
1 | Baghdad - Kut Main 32 10.5 Three lanes exists
2 | Baghdad - Mosul Main 32 10.5 Three lanes exists
3 | Baghdad - Floga Main 13 7 Two lanes does not exist

According to the prioritized characteristics presented
in Table 6, a checklist was created to assess the
criticality/non-criticality of the roads. All three roads
were evaluated based on this checklist and the results are
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summarized in Table 6.

The conformity of the current status of these three
roads with the characteristics identified in this study was
examined in Table 5. According to the checklist, road
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no. 3 (Baghdad - Floga) does not require a weighing
station, as it is not considered a critical road based on the
checklist criteria. Currently, this road does not have a
weighing station. However, road no. 1 (Baghdad-Kut)
and road no. 2 (Baghdad-Mosul) are considered critical
compared to road no. 3, indicating the need for weighing
stations. These two roads already have weighing stations

in place. Therefore, the proposed research model
demonstrates good performance for all three roads and
suggests appropriate criteria for road evaluation.
Consequently, the characteristics identified for
identifying critical roads and locating weighing stations
can be utilized by road maintenance organizations.

Figure (2): a. Baghdad province; b. The three case study roads

v
1 2 2
9 )
7 39 . ‘
a
e - o
2, 10 S ) ~,
il Oi - L © SR
= o 8 = o
N
e . By
RN :E

Table 6. Checklist for evaluating the criticality/non-criticality of the studied roads

Factor (Sub-citerion) Baghdad - Kut | Baghdad - Mosul | Baghdad - Floga
Annual average daily truck-traffic volume 163140 97770 5670
Annual maintenance cost (per km) 033M$ 063M$ 02M$
Road construction cost (per km) 28M$ 28M$ 2M$
Geopolitical importance of the road Very important | Very important Important
Number of lanes 3 3 2
Rl
Road length (km) 32 32 13
Maximum road gradient 1.5% 3% 2%
Annual average daily traffic (AADT) 8020 10248 2657
Maximum allowable speed 100 km/h 100 km/h 100 km/h
Annual number of truck accidents 94 116 23
Overall result Critical road Critical road Non-critical road

In validating the findings of the present study, it is
essential to compare and contrast them with those of
existing research. The present study aligns with Kulovié
et al. (2018) in recognizing the significant prevalence of
overloaded trucks and the associated damage to road
infrastructure. Similarly, Haugen et al. (2016)
emphasized challenges related to sensor accuracy and

calibration, reflecting observations regarding the need
for precise data collection methods. Furthermore,
Oskarbski and Kaszubowski (2016) and Ammarapala et
al. (2013) underscored the importance of weighing
stations and WIM systems in managing freight traffic
and optimizing weighing station locations, respectively,
which resonates with the present study's focus on
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proposing a robust framework for weighing station
placement. Highlighting these agreements strengthens
the validity of the findings, situating the study within the
broader context of road maintenance and transportation
infrastructure management.

CONCLUSIONS AND RECOMMENDATIONS

Effective road maintenance is pivotal for enhancing
Irag's road infrastructure, necessitating a comprehensive
strategy integrating modern technologies. Among these
technologies, the establishment of axial weighing
stations emerges as a critical element in road
maintenance management, particularly for identifying
and addressing issues on critical roads. This study aimed
to discern the key factors influencing the identification
of critical roads and the optimal placement of weighing
stations within Baghdad province. Through a
questionnaire administered to 61 road maintenance
engineers, data was collected and analyzed using SPSS
20 software, employing the relative importance index
(RII) method to rank influential factors.

The research identified some crucial factors for
pinpointing critical roads, including truck traffic
volume, annual maintenance and construction costs,
geopolitical significance and lane count. Moreover, it
pinpointed five significant considerations for weighing
station placement: accessibility for trucks, proximity to
industrial and agricultural hubs, land use characteristics,
distance from drainage structures and proximity to other
weighing stations.

Validation of these factors was conducted on three
main roads in Baghdad province, affirming their
accuracy and the robustness of the research model.
Consequently, several recommendations are proposed
for the establishment of axial weighing stations,
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