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Abstract  

Road infrastructure management in many developing countries is hindered by the absence of 

integrated systems for evaluating pavement conditions, road safety, and maintenance planning. This 

challenge is particularly evident in Iraq, where existing road management practices lack 

standardized assessment mechanisms and centralized databases. This study presents a Road 

Management Application (RMA), a data-driven, semi-automated system that integrates structural 

pavement evaluation and road safety assessment within a unified platform. Developed using Python 

3.12.7, the application stores comprehensive road information, including road classification, 

pavement age, material properties, pavement layer configuration, and geometric characteristics, 

enabling efficient data management and periodic updates. The RMA applies standardized evaluation 

criteria to identify and rank pavement defects and safety issues, providing decision support for 

maintenance planning. The system was validated through case studies on Airport Street and Hilla–

Najaf Street in Najaf Governorate, Iraq. The results demonstrate that the application effectively 

identifies critical pavement and safety deficiencies, prioritizes road sections according to their 

condition, and establishes a reliable database for long-term infrastructure management. Compared 

with conventional descriptive surveys, the proposed approach provides a data-driven, reproducible, 

and integrated framework for road condition assessment and maintenance decision-making. The 

developed application can be readily adapted for use by road agencies in Iraq and other regions 

facing similar infrastructure management challenges. 

Keywords: Road Defects; Road Management System; Python; Maintenance; Road Condition. 

 
 

INTRODUCTION 

In previous periods, the transportation system in Iraq experienced numerous problems. 

The road management system in road agencies became a focus of interest for researchers 

at universities and various contracting companies due to the discrepancy in the standards 

used for road network assessment management systems. This effort aimed to identify the 

most important standards or systems that could streamline the road maintenance 
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management process and avoid randomness and selectivity in the application of 

maintenance assessment standards [1, 2]. Despite this long-standing interest, there remains 

a gap in the literature related to research on road assessment management, as it is generally 

limited to countries in the region, particularly Iraq [3, 4]. The Iraqi specifications and 

standards for roads and bridges were issued by the General Authority for Roads and 

Bridges of the Ministry of Construction and Housing (revised version up to February 14, 

2007), known as SORB - Standards and Specifications for Roads and Bridges. These 

standards lack any specific regulations or laws regulating them, allowing for selectivity 

and decentralization in many decisions related to road maintenance [4].  

These specifications primarily concern the structural and technical aspects of roads, 

including the design of pavement layers, materials, geometric dimensions, and drainage 

systems. Still, they require an integrated system for evaluating and managing road 

performance, and this, in turn, may not take into account all the requirements and 

standards to be evaluated for roads before developing a plan or maintenance cost, which 

causes variance between different projects, according to the experience of engineers in the 

evaluation committees [5, 6]. The importance of this research lies in creating a model of the 

road management system for road agencies by bridging the gap in variance, according to 

the experience of different engineers, and serving as a basis for evaluation to refer to, so 

that evaluations are based on a fixed system that changes with the change of data. 

Therefore, the results of this study will contribute to future studies of policies. Research 

and projects related to road construction are positively impacted by providing a clear 

picture of the areas of the roads that need to be focused on [7, 8]. 

This study creates a stable database for roads to manage their regular maintenance in 

the future. This model (RMA) is based on a comprehensive assessment of the current 

condition of the network according to a set of criteria. Each criterion records a specific scale 

and is weighted based on the specific importance of the criterion. The study was 

implemented to simulate the situation faced by a road authority without a road 

management model. The research structure is to create a model of the proposed road 

management system and create a digital database for the road network. An example of a 

digital road data collector for two different roads was also explained, as well as an 

evaluation and classification of the case, and thus the model was applied to evaluate the 

usability and efficiency of the proposed road management model (RMA). A case study of 

two roads was taken, and the model (RMA) was applied to them; thus, the required results 

and conclusions were formulated. 

 

RESEARCH GAP 

A clear gap exists in the development of low-cost, integrated road management models 

that incorporate safety standards and are specifically designed to meet the needs of 

modern road authorities. This gap persists despite the emergence of GIS-based and AI-

powered road assessment tools, as well as the widespread use of traditional pavement 

condition indicators. 
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Previous study utilized an old pavement assessment method named overall condition 

index (OCI) and then plotted the results on another program Arc GIS.  It is a method of 

data visualization rather than functional system integration. This old method is subjective 

and it relies on engineering/ expertise judgment for interpreting scores. In addition, the 

entire process was conducted manually, which may be time intensive and susceptible to 

error [9]. Moreover, the overall condition index (OCI) method implemented in this study 

ignored significant element such as rutting, settlement and safety aspects in decision 

making. 

Other studies combined both Provincial/Regency Road Management System (PKRMS) 

and Analytical Hierarchy Process (AHP) to manage road maintenance [10, 11].  PKRMS is 

a management tool that is able to identify road defect based on the survey data. However, 

there are a number of issues with this method such as primarily technical tool, inaccurate 

surface distress index (SDI) could cause the system to ignore a road that needs urgent 

repair, in addition focuses only on the structural conditions of the road and ignoring safety 

aspects and road importance. Therefore, a number of studies combined both PKRMS and 

AHP to connect safety aspect, road importance, economic impact and public service 

facilities [10, 11]. However, it is important to note that previous studies did not combine 

both methods into one software or program. In addition, AHP in both studies relies on 

pairwise comparisons from experts only. It is important to note that, reliance on expert 

opinions of this qualitative input and the absence of established safety standards remain 

significant concerns for reliable road management. 

Pavement condition index (PCI) is well known as a numerical rating system relay only 

on the pavement structural conditions. PCI score ranges from 0 to 100, as 0 indicating the 

pavement reached the end of its life and 100 representing brand-new road.  Previous study 

indicated that PCI is more suitable for flexible pavement rather than rigid pavement [12].  

PCI score does not recognize if the road needs a simple treatment, major maintenance or a 

full reconstruction.  In addition, corrected deduct value (CDV) calculates manually using 

curves and tables which makes it time consuming and more susceptible to human mistake 

[13]. 

It is important to note that issues addressed by the proposed road management 

application is the gap, through the provision of an automated road condition recording 

system based on Python. This system integrates statistics on recurring defects, safety 

metrics, and sensitivity-tested weighting factors into a single digital database, enabling 

coordinated and scalable road maintenance decisions. 

The comparison in Table 1 illustrates the differences between the model systems used 

and the various criteria, as shown. The importance of the road management system and its 

recommendations for a more systematic approach to road management evaluation are 

clearly demonstrated in the following section, Contribution Beyond State of the Art. 
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Table 1. Criteria for choosing between models 

Criterion RMA PCI [14] Khahro ANP 

low-cost [15] 

GIS-Iraq [16] AI-vision 

systems 

[17, 18] 

Automation 

level 

A straightforward, 

sequential 

automation 

process using 

Python, based on 

a recurring, input-

based database. 

Based on 

manual 

calculations 

than 

automated 

ones 

Using ANP 

requires 

expert input 

which may 

be different 

from one 

country to 

another. 

OCI-based 

manual 

calculations 

do not keep 

pace with 

project the 

speed and the 

accuracy of 

its details. 

Highly 

automated

, but also 

highly 

error-

prone. 

Cost Low cost to 

implement 

It requires 

larger 

networks but 

is also 

relatively 

inexpensive. 

Moderate 

cost for 

decision-

making 

modelling 

requirements 

Geographic 

Information 

Systems 

software only 

used to 

present the 

data rather 

than a 

functional 

system 

integration  

Relies on 

numerous 

sensitive 

devices, 

which 

greatly 

increases 

its cost. 

Safety 

integration 

Safety aspects are 

fully integrated in 

the system. 

Safety aspects 

are not 

implemented 

Safety 

standards 

are variable 

depending 

on decision-

making 

criteria and 

are not fixed. 

Safety aspects 

are not 

implemented. 

High risk 

detection 

capacity, 

but may 

not 

always be 

accurate. 

Prediction 

capability 

prediction based 

on sensitivity 

weights and 

scores but this is 

still in the 

experimental 

stage. 

More limited 

than other 

models. 

Predictions 

are made 

based on the 

importance 

of the 

strategy 

followed. 

Network-

level 

evaluation  

High 

predictive 

potential, 

but not 

highly 

accurate 

Validation 

scale 

Practice 

simulation of 

selected methods 

Extensively 

applied 

beforehand 

It relies on 

case studies 

to verify the 

feasibility of 

verification. 

Extensively 

Implemented 

Applied 

as a model 

in very 

different 

forms 
 

 

CONTRIBUTION BEYOND STATE OF THE ART 

In general, road management or evaluation systems may differ in principle, but the core 

of the management structure and the nature of the area being evaluated, such as the area 

under study, remain crucial. Systems relying solely on Geographic Information Systems 

(GIS) and AI-powered prediction models are still not effectively suitable for capturing the 
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intricate details and problems of this area, despite numerous trials [19]. This is what we 

addressed at RMA, where practical contributions focused on surpassing the latest 

technologies in terms of application to the area. This was achieved by clearly integrating 

criteria and assigning specific weights to the pavement condition index, the structural 

deterioration index, and traffic safety standards within a defined framework [20]. Thus, 

decisions are made clearly based on stable information. 

The main contributions of this study are listed below: 

• Fully integrated road management system into one software combined both 

structure and safety aspects. 

• Store all the data related to road conditions in one file can easily access and check 

the main issue. 

• Suitable for both rigid and flexible roads.  

• Transparent decision-making and tracking to avoid errors. 

• Scoring criteria based on clear and firm standard. 

The initial cost of RMA is low, but its effectiveness is very high. Unlike other systems, 

it does not rely on hierarchical analysis, as illustrated in Table 2 [21, 22]. 
 

Table 2. Comparing systems in terms of contribution that goes beyond the latest technologies 

Aspect Traditional 

PCI 

Property 

management 

system based 

on GIS 

AI-Based 

Models 

Proposed 

RMA 

Engineering inspection Recognized Popular Assumed Adopted 

Safety Integration ✖ ✖ limited Clear 

Plainness High Intermediate Low High 

implementation outlay Low Intermediate  High Low 

Demand for data Low Intermediate High Low 

Decision follow ability Accept Partial ✖ Accept 

Delicacy Analysis ✖ ✖ Limited Accept 

 

METHODOLOGY  

This research proposes a Python-based road condition assessment model that 

transforms road investigation into an automated, objective, and reproducible road 

condition evaluation system. The methodology integrates empirical defect data, 

computational scoring algorithms, and decision-support outputs into a single framework 

designed to be both robust and user-friendly. The proposed methodology operationalizes 

recurring road defects into a programmable structure, enabling rapid evaluation, reduced 

subjectivity, and improved consistency across inspections. 

Field Investigation and Data Collection 

Road condition data were collected through a systematic field investigation conducted 

on two main roads [23]. Road inspections followed a structured survey format to ensure 

data consistency and repeatability.  
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For each inspected road, the following information was collected 

• Geometry data 

• Construction data 

• Defect type 

• Defect severity  

• Accident data 

All inspection data were digitized and stored in a structured format suitable for direct 

integration into the Python-based program. 

Identification of Recurring Defect 

The principle of recurring pavement defects was adopted using statistical analysis of 

the frequency of collected data. The incidence rate of each defect type was determined as 

a percentage of the total defects detected in each project. A chi-squared test was then 

applied at a 94% confidence level to determine the statistical significance of the specific 

road sections requiring maintenance using equation (1). Accident records were compiled 

and categorized according to cost, speed, and quality into organized subgroups to 

prioritize maintenance. Specifically, weighting factors (Wi) were assigned to each defect 

category based on serviceability, traffic safety, and structural integrity. Initial weights were 

derived from engineering judgment supported by relevant pavement management 

literature to ensure the robustness of the proposed assessment model. Sensitivity analysis 

was performed to assess the impact of weight changes of ±10% to determine the final 

decision. The RCS software is available upon request. 

 𝜒2 = ∑
(𝑂𝑖−𝐸𝑖)2

𝐸𝑖
. (1) 

Where: 

𝜒2 - Tested chi-square value. 

∑ - Road summation coefficient. 

𝑂𝑖  - Actual road values. 

𝐸𝑖 - Expected road values. 

Program Structure and Implementation  

The road management application was created using Python version 3.12.7 

programming language, distributed via the Anaconda package manager. All Python 

coding was performed on a Windows 10 (64-bit) operating system. The program is 

organized into the following interconnected modules  

• Input module (accepts field investigation data through a structured interface, 

minimising manual entry error) 

• Defect database module (stores recurring defects, allowing future updates or 

monitoring). 

• Condition scoring engine (applies rule-based algorithms to calculate defect scores 

and overall road condition indices). 



 
 

Monketh Mohammed, Husam Abujwaid, Ammar Wisam Altaher 1350 

• Output and decision-support module (generates condition ratings). 

Data Collection and Evaluation 

Sources of data on road pavement surface condition of the selected roads were obtained 

from a visual survey of pavement condition evaluation. Classification of road conditions 

was based on the condition survey rating scores built into the Road Scoring Application 

(RSA). The scoring was estimated on a scale of 1–5 units, where 1 and 5 denote excellent 

and worst conditions, respectively. The approach adopted in this study was similar to 

some extent to the IRC: 82-2015 guidelines, with implementing new safety aspects and also 

joint conditions in case of evaluating rigid pavement, as shown in Table 3 [24]. Safety 

aspects and joint conditions rating are explained in more detail in the next section. Input 

parameters used for classifications included the following. 

Table 3. Pavement defects and safety rating for roads 

Defect (Types) Range of Distresses References 

Rut depth in mm > 10 5 to 10 < 5 [24] 

Potholes % > 1 0.1 to 1 < 0.1 

Cracking % > 10 5 to 10 < 5 

Settlement & Surface damage % > 5 1 to 5 < 1 

Bleeding % > 10 5 to 10 < 1 

Joint conditions (spall width) 

mm 

> 150 75 to 150  < 75 [25] 

Accident rate > Critical Rate (Rc) Rc> accident 

rate < 

average rate 

<average 

rate 

[26, 27] 

Safety concerns High frequency of 

fatal accidents 

1-3 serious 

accidents 

No fatal 

accidents 

in 5 years 

 

Road importance Arterials (main) Collectors Minor 

(local) 

 

Rating 5 3-4 1-2  

Conditions Bad (Red flag) Reasonable 

(Amber 

flag) 

Good 

(Green 

flag) 

NA 

 

Condition Scoring  

Each defect is evaluated using a weighted scoring system that accounts for severity, 

extent, and relative importance. The overall road condition scoring (RCS) is calculated as: 

 𝑅𝐶𝑆 = ∑ (𝑆𝑖
𝑛
𝑖=1 × 𝑊𝑖)  (2) 

Where: 

Si - represents the severity rating of defect i. 

Wi - represents the importance weight assigned to defect i. 

Weights were determined based on defect impact on pavement structural integrity, 

durability, serviceability, and safety (more details are explained in sub-section called 

condition assessment and rating). 
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RECURRINGPAVEMENT DEFECT IMPLEMENTED IN THIS 

MODULE 

Rutting (Permanent Deformation) 

It's crucial to assess permanent deformation and conduct regular maintenance, as it is 

considered a permanent deformity that can extend for significant lengths, sometimes 

several kilometres, especially on Iraqi roads. There's a general lack of road markings on all 

roads, allowing most drivers to use one side of the road over the other. This makes areas 

of weak shear resistance more visible, especially in high temperatures. Furthermore, some 

trucks don't adhere to the permitted limits, further exacerbating rutting [28-30]. 

Longitudinal and Transverse Cracks 

Longitudinal and transverse cracks are caused by poor compaction during 

implementation, as well as high temperature differences, which lead to cracking at weak 

points in the longitudinal joints. Additionally, the long age of roads, combined with the 

lack of periodic maintenance, causes aging in the asphalt, particularly in the surface layers, 

leading to the appearance of longitudinal and transverse cracks. It is worth noting that 

most road foundations are exposed to differential settlements in the foundation soil for the 

same reasons mentioned earlier, which exacerbates the situation [31-34]. 

Longitudinal Joint 

In some cases, problems with the longitudinal joint are very obvious and must be taken 

into account permanently in road evaluation, due to the occurrence of cracks in the same 

joint, which makes it lose its resistance against the road when temperatures change, as it is 

the weakest point of the road, and sometimes leads to a significant separation of the two 

layers [35, 36]. 

Transverse Joint 

One of the most important joints to preserve roads and protect them from large changes 

in temperature is the transverse joint, which is usually every four to six meters, depending 

on the required road design. However, one of its problems is that it may allow water to 

leak, leading to erosion in the lower layers of the road. This is due to the joint not being 

treated well or poor compaction in the joint areas. It also causes weak endurance and 

cracking of the upper layers. The same applies when the joint is not used during 

implementation, which leads to cracking of the tiles or sometimes to their subsidence [37-

39]. 

Pothole  

Potholes mostly look like bowl-shaped holes with different sizes occurring in the 

pavement surface, and the minimum dimension is 150mm [40]. Potholes are a series of 

failures in a road. They first begin as a small portion of the top layer of the road. Over time, 

this type of failure will progress toward the lower layers of the road. The size of the pothole 

will increase and deepen as water collects and penetrates the underlying layers of the road, 

such as the base layer and subgrade, weakening the support of the area [41]. Potholes 
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typically occur under severe weather conditions, heavy traffic, and poor drainage [42]. The 

existence of potholes in the road causes severe damage to vehicles, delays traffic and leads 

to loss of control. For instance, in 2021, a study showed that 0.8% of road accidents were 

due to potholes, results into 1.4% fatalities, and 0.6% injuries [43].  

Fatting (Bleeding) 

This type of failure occurs when there is an excess of asphalt in the road surface. The 

asphalt binder can move toward the surface as vehicles pass through in hot weather due 

to the excess bitumen content in the asphalt mixture or through the movement of aggregate 

particles deeper into the underlying bituminous layer. Fatting can be considered a safety 

defect, mainly when it happens in a bend or downhill road for a long distance. Fatting is 

considered dangerous for vulnerable road users and may cause loss of control for vehicles 

[44]. 

Settlement 

Settlement or depression appears as a difference in the elevation between localized 

pavement surface areas with a lower elevation than the surrounding areas. Settlement 

becomes very clear after a rain, as localized pavement settlement fills with water. The main 

cause of settlement is a subgrade issue or frost heave [45]. 

Adding a new carriageway to an old road is considered one of the most common 

solutions to maintain the level of service. However, differential settlement usually occurs 

in road widening projects between the old and the new widened portion of the road [46]. 

Transverse cracks will appear on the pavement surface as a result of differential settlement 

developing in the middle of the embankment [47]. In addition, differential settlement will 

cause different types of defects on the pavement surface, such as loose bitumen, spalling, 

a change in the horizontal slope of the road, and longitudinal cracks at the joint between 

the original and the added width of the road constructed on weak soil [48]. 

Surface Damage  

Surface damage is a significant change of a road surface from a flat surface with proper 

dimensions into a surface that compromises the safety of vehicles and vulnerable road 

users [49]. Surface damage occurs due to deep-seated issues such as deep rutting, severe 

moisture damage, joint sealant failure, and major fatigue cracking. Surface damage impacts 

a vehicle's stopping distance, misalignment of vehicle wheels, and loss of control, 

increasing the risk of accidents [49]. 

PROPOSED ROAD MANAGEMENT SYSTEM MODULE  

This research showed clear gaps in the current practice of Iraqi road agencies, such as 

the lack of a centralized digital asset register, the absence of regular surveys of pavement 

condition, and a lack of a prioritization method for selecting maintenance plans. This 

research aims to cover most of the issues highlighted in the previous studies [50, 51]. For 

instance, traditional decisions are often made without systematic situation assessment. 
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Such decisions contributed to worsening road conditions, road users’ dissatisfaction, and 

budget overruns.  

This research proposes a structured, data-driven road management (RMA) model 

tailored to the needs and capabilities of Iraqi road agencies and any other agencies 

operating without such a system. The model includes basic components such as 

construction data, geometry data, and condition assessment, which can then be used in 

maintenance strategy, budgeting, and performance monitoring.     

Implementing such a model will help road agencies move from reactive to proactive 

maintenance. This paper also presents a case study application of the model to demonstrate 

its effectiveness and benefits. 

Components of the Proposed Road Management System Model 

The components of this model (RMA) are drawn from global management models. It is 

implemented to be suitable for road agencies operating without a management system. 

The model includes six main components. Those core components are shown in the model 

schematic diagram, see Figure 1. Initially, any road agency should have a database of its 

entire network. This can be done using the model designed in this research. This model 

allows users to complete all of the required fields for each road segment, along with its 

geometry and construction data, as illustrated in Figure 1. A real example is provided in 

Figure 2. 

The main part of the version (Road Scoring Application) is used to evaluate road 

conditions. According to those assessments, it prioritizes maintenance or monitors the 

performance of roads based on their rankings. The complete process is shown in Figure 3. 

After the entire network has been scored, the results can be ranked and stored in a CSV 

(Comma-Separated Values) document, with every road ranked based on its individual 

rating, as shown in  

Figure. These two steps offer most of the information required for budgeting and work 

planning for any road maintenance work. 

The system (RMA) is designed to guide maintenance planning, prioritization, and 

implementation, to support data-driven, transparent, and sustainable decision-making. 

The first and most essential step in this version is twofold: setting up a digital database of 

the network and training workers. For developing road agencies, the main challenge of 

this model lies in the necessity of a preliminary data collection, followed by periodic 

updates derived from field surveys. 

The following algorithm in Figure 1. defines the overall rule for the road management 

strategy adopted in the model. It specifies the most important criteria based on which one 

segment is preferred over another for maintenance, or the maintenance of certain sections 

of a road at the cost of others, if the fund is insufficient to look after all sections of the road.  

The first section of the construction data is a database containing the most important 

information, such as the number of layers, their thickness, the surface type, and the type of 

construction materials. The process continues with geometric information, including the 
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number of lanes for each road, their width, and the names of the sections if there are 

different geometric properties of road sections. Finally, the road class or classification is 

presented. The next segment is the strategy of the prioritization matrix and its components, 

mainly based on the pavement condition scoring, road importance, traffic volume, and 

safety concerns. The model is based on a prioritization matrix, which is based on visual 

condition surveys, video recording surveys, a general report, and map findings. 

Based on that information, the budget, work plan, and funding scenarios are specified, 

which may be shortlisted. 

 

Figure 1. Proposed road management system model schematic diagram 

Establishing a Digital Database of the Road Network 

It is fundamental to establish a digital database of the road network. Therefore, the 

authors of this research implemented the Python coding language to create a digital road 

database collector. An example of the digital road database program with the necessary 

details created in this research is shown in the Figure 2. It can be seen from Figure 2 that 

each road segment was recorded with its location, geometry data, and construction data, 

and this information was then stored in a CSV file as a digital database record for the entire 

network. The digital database is essential for providing the necessary information to the 

two main components of the proposed road management application model (RMA). Iraqi 

road agencies can adopt this digital database to collect road data and then use this 

information in the proposed road management application model shown earlier in this 
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research. Having such information for the entire network helps to plan and budget the 

maintenance, mainly for emergency repair (like-for-like design). 

 

Figure 2. Example of the digital road database collector front page of two different roads 

Condition Assessment and Rating 

In order to provide an overall assessment of the current network condition, an 

assessment model was developed that makes it possible to score and weight several 

criteria. The model matrix is presented in Table 3 and Table 4. Each criterion is scored on a 

scale of 1 to 5 and then weighed depending on the criterion’s perceived level of importance. 

The analytical hierarchy process (APH) is used to assign a weighting score to each defect. 

The process follows four main mathematical steps. The first step compares each criterion 

against each other criterion in terms of importance on a scale of 1 to 9 using a Pairwise 

comparison matrix. A higher weighted score is given to any defect that has the potential to 

be a safety concern and/or lead to premature damage. For instance, the safety aspect is 

considered extremely more important than minor surface defects and moderately more 

significant than structural defects. The following equations 3 to 7 are used to normalize the 

defect matrix and to calculate the priority weights, respectively. The final calculated 

weights are shown in Table 4. 

𝑎𝑖𝑗
′ =

𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
𝑖=1

 (3) 

Where: 

aij is the Pairwise comparison value. 

i: is the row of the defect under consideration. 

j: is the column of the other defect are comparing it against.   

 𝑤𝑖 =
∑ 𝑎′𝑖𝑗

𝑛
𝑗=1

𝑛
  (4) 

Where: 

wi is criterion weight 
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Consistency ratio was calculated according to 4, 5 and 6 to ensure that the comparisons 

implemented in this study are not random. 

 ƛ𝑚𝑎𝑥 =
1

12
∑

𝑊𝑠𝑖

𝑤𝑖
 (5) 

Where: 

ƛ𝑚𝑎𝑥 ≈ 12.78 

ƛ𝑚𝑎𝑥 is principal Eigenvalue 

𝐶𝐼 =
ƛ𝑚𝑎𝑥 −  𝑛

𝑛 − 1
 

 CI = 
12.78−12

12−1
= 0.0709 (6) 

Where: 

CI is the consistency index, 

Consistency ratio (CR) was calculated according to the following equation 

 𝐶𝑅 =
𝐶𝐼

𝑅𝐼
 (7) 

Where: 

RI is the random index; the RI for 12 variables is 1.54 [52]. 

𝐶𝑅 =
0.0709

1.54
 = 0.046 

Consistency ratio (CR) value of 0.046 is well within the acceptable threshold of 0.1 [52]. 

This result demonstrates that the Pairwise comparisons applied to balance safety and 

pavement distress are logically consistent. 

The resulting weights (ranging from 0.16 for accidents to 0.04 for bleeding (fatting) 

implementing proactive framework that prioritises severe pavement distress while 

maintaining the safety aspect as the main decision- making driver. For instance, the weight 

of the rut depth was higher than the weight of the longitudinal crack or fatting, and thus 

due to the impact of rutting on traffic safety [48]. In the rainy weather, rutting impact will 

increase as rutting will gather rainwater in the vehicle path, reducing skid resistance of the 

road. In addition, the impact of rutting on safety will be much higher in curved roads as 

rutting becomes less identifiable and more dangerous [28, 29]. Potholes have a higher 

weight in the prioritization matrix because the existence of potholes in the road causes 

severe damage to the vehicle and may lead to traffic accidents [30]. It is worth noting that 

this model is designed to evaluate both flexible and rigid pavement conditions. Therefore, 

in the case of evaluating a rigid pavement, a fatting defect represents the texture conditions 

of the rigid pavement. While in the case of examining a flexible pavement, the score of 

longitudinal and transverse joints should be five if the road is in bad conditions to boost 

the total score, while the score should be one if the road is in good conditions, as the 

program is designed to accept values between 1 and 5. 

To improve the applicability and accessibility of the proposed road management model 

(RMA), the scoring matrix is explained in Table 4. It can be converted into an application 

using the Python programming language. This program automated the process of entering 

data, calculating scores, producing results, and then saving the data in a CSV file format. 

Figure 3 showed the scoring results of the road scoring application saved as a CSV file 
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format. In the image below, the Excel sheet is divided into two parts to show all the 

information entered for each road. The lines represent the survey results for roads 

evaluated during this research. 

 

Table 4. Assessment matrix for road conditions model 

Rank  Types of road defects & safety aspects Weighting score 

1 Accident rate  0.16 

2 Safety concerns 0.13 

3 Road importance 0.12 

4 Rut depth 0.1 

5 Pothole  0.1 

6 Settlement  0.08 

7 Transverse joint  0.07 

8 Transverse cracks  0.06 

9 Longitudinal joint 0.05 

10 Longitudinal cracks  0.05 

11 Surface damage 0.04 

12 Bleeding (fatting) 0.04 
 

Furthermore, the application removes the need for manual calculations, leading to 

fewer errors, lower costs, and greater efficiency. This application has a user-friendly 

interface where engineers select numbers from predefined scales, and the software 

instantly calculates the total score based on the weighted criteria. An example of a road 

condition scoring application created in this research is shown in Figure 4. This application 

makes prioritization, budget, and working planning more practical and objective for 

decision-makers, engineers, and inspectors, and allows consistent and efficient application 

on different road networks, mainly in routine surveys or large-scale assessments.  

 

Figure 3. Example of road application results saved as a CSV file format 

Moreover, based on the defect scores, engineers can identify the primary issue affecting 

a road segment; for example, as shown in the above figure, the main issue on 60 Street is 

fatigue cracking, which has the highest score (4) among all pavement defect types. 
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Figure 3. Example of a road condition scoring application front page built in this research 

Application of the Proposed Road Management System Model (RMA) 

To evaluate the usability and efficiency of the proposed road management model, a 

case study is conducted on an existing rigid-pavement road. This case study simulates the 

typical situation faced by a road agency without a road management model.  

Testing the Developed Road Management Application (RMA) for Two 

Functionally Different Categories of Roads 

To provide a broader and more diverse view of the roads, two functionally distinct 

routes were selected. The first is a main road within the city connecting the airport to 

residential areas, paved with concrete. The second is an external highway connecting the 

entrance to Najaf to the road leading towards Hilla, and considered an important route 

within the regional transportation network. This allows for a comparison of the different 

levels of exposure to safety hazards, their structural characteristics, and varying traffic 

volumes. 

Case Study of Airport Street and Hilla-Najaf Street 

Two streets were carefully selected for the study, examining the most important and 

high-traffic streets in the city. The first study area was Airport Street, a main urban street 

primarily used to connect Najaf airport with the city centre and the northern entrance to 

Najaf. It has three lanes in each direction. In some sections, the number of lanes is reduced 

to two, with each lane being 3.6 meters wide. The surface of this road is concrete. It was 
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designed according to the specifications of the Iraqi Ministry of Transport, and the road 

speed limit does not exceed 80 km/h [50]. Figure 4and Figure 5 show the location of the 

Airport street section studied in this research. 

 
Figure 4.The Airport Street was identified 

using ArcGIS Pro 

 

 
Figure 5. A field photograph of Airport 

Street taken by the author 

The second study area is the first part of the Hilla-Najaf Road heading north. The Hilla-

Najaf Road is a main rural road connecting the cities of Najaf and Babylon. It is a vital axis 

due to the proximity of the university and is one of the important gateways to the city. It 

has two lanes, 3.6-3.7 meters wide, in each direction, with a design speed of 80-100 km/h. 

It is characterized by mixed traffic flows, with small cars and most trucks entering the city 

via this road. Traffic flows are high during most of the year. Figure 6 and Figure 7 show 

the location of the Hilla-Najaf Road, which was included in this study. 

In this research, a database was created for both roads using an integrated application 

designed in this study, as previously shown in Figure 2. Each road segment, including its 

construction and geometry data, was recorded based on available information. The 

location of each section in this study was identified, and the map was generated and 

processed using ArcGIS Pro, as shown in Figure 5 and 7. 

A visual condition survey was implemented to evaluate the structural condition of both 

roads, Hilla-Najaf and Airport street, with the main objective of systematically examining 

their current structural conditions and safety concerns, and then assigning a quantitative 

condition score according to the scoring matrix developed in this study to each of them 

using the road condition scoring application software. The survey includes an on-site 
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inspection, where engineers examine the entire length of the sections, carefully observing 

and scoring a range of pre-defined distress types in the road condition scoring application. 

The survey results of both road sections are shown in Figure 9. The number of accidents is 

taken from previous research [50]. The score value of road importance and safety concerns 

of Airport Street was higher than Hilla-Najaf Street following predefined criteria shown 

earlier in Table 3. 

 

 
Figure 6. The Hilla-Najaf street location was 

identified using ArcGIS Pro 

 

 
Figure 7. A field photograph of Hilla-

Najaf Street, taken by the author 

The results in Figur showed that Airport Street has a higher raw score and weighting 

score (37 and 3.21), respectively, compared to Hilla-Najaf Street with a total score of 29 and 

a weighted score of 2.58. It can be seen that the software displays an amber flag next to 

Airport Street, while a green flag displays next to Hilla-Najaf Street (see the red box in 

Figur). This feature does not exist in competing road management system model. 

Furthermore, this result is based on predefined criteria for severity, as shown in Table 3 

and Table 4. If, only one project can be funded, Airport Street is ranked ahead of Hilla-

Najaf Street. This is because Airport street’s amber flag score represents a higher 

maintenance need than Hilla-Najaf’s green-flagged rating.  

Following a visual inspection, previous studies, and the author's knowledge of the area 

(utilizing ArcGIS Pro), the data collected for each road was uploaded into the road 

condition scoring application (RMA). All data will be stored in a CSV file and displayed at 

the bottom of the program window (highlighted in a red box), as shown in Figure 9. This 

application assigned weighted numerical values to each distress type, safety concern, and 
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their corresponding severity, thus facilitating the combination of individual distress and 

safety issue scores into an integrated structural and safety condition index for Airport 

Street and Hilla-Najaf Street. 

  
Figure 9. Road condition scoring application results for both Airport Street and Hilla-Najaf Street 

 

The application approach (road condition scoring application) ensured an objective and 

consistent assessment, resulting in a clear, comparative numerical score that effectively 

communicates the overall structural condition and safety of each road. Therefore, this 

systematic approach enables informed decisions regarding maintenance and/or 

rehabilitation priorities. The road condition scoring application clarifies the main issues by 

displaying individual defect scores and stored in a CSV file. For instance, it can be seen 

from Figure 9.  or from a CSV file that the main issues with Airport Street were the fatting, 

transverse and longitudinal joint conditions, which then led to potholes near joint locations 

(see Figure 9 highest scoring values). No other road management model discussed in this 

research offers this feature. Moreover, this approach could help monitor road performance 

over time by comparing scores every six months or annually. 

To provide a standardized reference for these findings, the identical evaluation process 

was applied to the conventional pavement condition index (PCI) by using equation (8). 

PCI = 100 – Max CDV                                                                  (8) 

Where CDV is the corrected deduct value. 

Tables 6 until 9 showing respectively the Hilla-Najaf street condition survey results, 

corrected deduct value (CDV) of Hilla-Najaf Street from ASTM adjustment chart, airport 

street condition survey results, and the corrected deduct value (CDV) of Airport Street 

from ASTM adjustment chart. 
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Table 6. Hilla-Najaf Street condition survey results 

Distress Type Severity Slabs Density Deduct Value (DV) 

Blowup / Buckling M 1 5% 12 

Corner Break L 1 5% 7 

Durability ('D') Cracking M 3 15% 22 

Faulting L 5 25% 14 

Joint Seal Damage M N/A 100% 7 

Patching, Large & Utility Cuts L 1 5% 3 

Patching, Small L 1 5% 2 

Polished Aggregate L 1 5% 1 

Popouts M 7 35% 4 

Punchout (Updated) L 3 15% 12 

Scaling / Map Cracking L 6 30% 6 

Shrinkage Cracking L 10 50% 0 

Spalling, Joint L 1 5% 2 

Spalling, Corner L 1 5% 4 

 

Table 7. Corrected deduct value (CDV) of Hilla-Najaf Street from ASTM adjustment chart 

Iteration Deduct List Total Deduct (TDV) q CDV  

1 22, 14, 12, 12, 7, 7, 6, 4, 0.6 84.6 8 41 

2 22, 14, 12, 12, 7, 7, 6, 2.0, 2.0 86 7 42 

3 22, 14, 12, 12, 7, 7, 2.0, 2.0, 2.0 82 6 43 

4 22, 14, 12, 12, 7, 2.0, 2.0, 2.0, 2.0 77 5 41 

 

Table 8. Airport street condition survey results 

Distress Type Severity Slabs Density Deduct Value (DV) 

Blowup / Buckling M 1 5% 12 

Corner Break L 1 5% 7 

Durability ('D') Cracking M 3 15% 22 

Faulting L 5 25% 14 

Joint Seal Damage M N/A 100% 7 

Patching, Large & Utility Cuts L 1 5% 3 

Patching, Small L 1 5% 2 

Polished Aggregate M 16 80% 4 

Popouts M 7 35% 4 

Punchout (Updated) L 4 20% 15 

Scaling / Map Cracking L 6 30% 6 

Shrinkage Cracking L 10 50% 0 

Spalling, Joint L 1 5% 2 

Spalling, Corner L 1 5% 4 
 

 

Table 9. Corrected deduct value (CDV) of Airport Street from ASTM adjustment chart 

Iteration Deduct List Total Deduct (TDV) q CDV 

1 22, 15, 14, 12, 7, 7, 6, 4, 0.6 87.6 8 42 

2 22, 15, 14, 12, 7, 7, 6, 2.0, 2.0 87 7 44 

3 22, 15, 14, 12, 7, 7, 2.0, 2.0, 2.0 83 6 45  

4 22, 15, 14, 12, 7, 2.0, 2.0, 2.0, 2.0 78 5 43 
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The results showed that Hilla-Najaf Street has a higher PCI value compared to the 

airport street which is consistent with the RMA findings. This result indicated that Hilla-

Najaf Street is in a better condition. However, PCI value of Airport Street showed that this 

section of the road falls under the poor condition category, with a PCI value of 55 slightly 

lower than Hilla-Najaf Street PCI value of 57. These results clearly demonstrate the 

importance of implementing safety and road importance aspects, this narrow margin (55 

versus 57) would likely widen if those aspects were implemented. In addition, as 

mentioned earlier in state-of-the-art section, PCI value drops significantly even when the 

road faces a minor issue, such as hairline cracks near joints as shown in the case of Airport 

Street. Therefore, PCI method cannot distinguish whether the road requires a simple 

treatment, major maintenance or a full reconstruction. Furthermore, PCI value overlooks 

important safety issue such as polished aggregate surface as demonstrated in the case of 

Airport Street. 

For a broader case study, the RCS was manually calculated using equation (2) for the 

first road, the Airport street, as shown in Figure 5, and the calculation results are in Table 10. 

Table 10. RCS manually for Airport Street 

Defect (Types) The severity 

rating of the 

defect 𝑺𝒊 

The importance weight 

assigned to the defect 𝑾𝒊 

The overall road 

condition scoring 

(RCS)= 𝑺𝒊x𝑾𝒊 

Accident rate 4 0.16 0.64 

Safety concerns 3 0.13 0.39 

Road importance 5 0.12 0.60 

Rut depth 1 0.10 0.10 

Pothole 4 0.10 0.40 

Settlement 1 0.08 0.08 

Transverse joint 4 0.07 0.28 

Transverse cracks 3 0.06 0.18 

Longitudinal joint 4 0.05 0.20 

Longitudinal cracks 2 0.05 0.10 

Surface damage 2 0.04 0.08 

Bleeding (fatting) 4 0.04 0.16 

Road condition scoring value calculated manually as shown in Table 10 and the 

following equation.  

RCS = 0.64 + 0.39 + 0.60 + 0.10 + 0.40 + 0.08 + 0.28 + 0.18 + 0.20 + 0.10 + 0.08 + 0.16 = 3.21 

After performing manual calculations using the equation and matching them with the 

results of the RCS model for Airport Road, which yielded a value of 3.21, the results 

showed a reliable match, allowing the model to be smoothly applied to other roads while 

ensuring the accuracy of the input weights. 
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Implementation of the Proposed Road Management Model (RMA) 

This model is expected to significantly improve the way Iraqi road agencies and any 

other road agencies plan, prioritize, and deliver maintenance operations based on the 

information shown earlier. The novelty of this research lies in two key contributions: first, 

the implementation of a new road management system that integrates both structural and 

safety aspects, and second, the consolidation of this data into a single semi-automated 

program, while systematically storing comprehensive road data (such as road 

classification, construction dates, surface materials, number of layers, layer thicknesses, 

lane width and lane number) in a single, centralized database. A centralized road database 

provides a clear picture of road conditions across the entire network and helps with 

strategic planning. Therefore, implementing such a system helps to improve pavement 

performance and road user satisfaction for several reasons. Firstly, systematic condition 

assessment and proactive maintenance reduce the rate of deterioration and extend 

pavement life. Secondly, maintenance actions are based on data-driven decisions rather 

than intuition or political influence. Thirdly, proactive maintenance reduces the need for 

costly rehabilitation or reconstruction in the long term. Additionally, improved road 

conditions increase road users’ satisfaction and support for the road operating agency.  

SUMMARY AND CONCLUSION 

This study aims to address a critical gap in road maintenance management practices in 

developing regions, particularly Iraq, where digital and systematic pavement management 

systems remain limited. The proposed Road Management Application (RMA) is a 

structured, multi-component model that integrates construction data, pavement defects, 

road importance, safety concerns, prioritization, and performance monitoring within a 

single digital platform as demonstrated in this research. In addition, the system is suitable 

for both rigid and flexible roads. The defect database and scoring parameters were 

calibrated using local investigation data, however, the program structure allows 

straightforward adaptation to other regional conditions. Defect lists, weights, and 

classification rules can be modified without altering the core computational logic, 

supporting broader applicability. 

This research developed road management system models (RMA) to provide a 

systematic, data-driven approach to managing road maintenance operations or monitoring 

and generating a data base across the network. These data gathered in this software (RMA) 

may serve as the foundation for building a predictive model for road deterioration. The 

study validated the model, as the observed field erosion patterns matched the calculated 

weights, confirming the model's internal reliability. However, some limitations should be 

noted. First, visual inspection may lead to small bias however it is controlled by standard 

measurement method. Second, model validation was limited to two sections of road, 

restricting the statistical generalizability of the results to the entire network. 

The results demonstrated the possibility of establishing a digital database of the road 

network, which provides a clear picture of construction and safety aspect of the road 
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network. The finding of this research demonstrated the applicability and effectiveness of 

the proposed road management system model (RMA). The RMA significantly reduced 

processing time and eliminated repetitive calculations, demonstrating its effectiveness as 

a decision-support tool for routine road condition assessments. Processing data in this 

research shows that the road management system model (RMA) does not accept any 

scoring values outside the defined range thereby eliminating human error compared to 

other management models.  

This study shows that RMA is designed to be practical, user-friendly, and applicable 

for Iraqi road agencies and any other agencies with limited technology and budget, making 

it a good entry point for modernizing the maintenance management of the network with 

limited resources. The results of this research show that adopting such a model will 

improve road network performance, resulting in a more resilient and sustainable network, 

as the model can help prioritize network maintenance and objectively inform future road 

construction or expansion.  Furthermore, it can easily track the main issue within the road 

section by examining the values in the distresses database as demonstrated in this research. 

The results display an amber flag next to Airport Street, while a green flag displays next 

to Hilla-Najaf Street. Therefore, Airport Street is ranked ahead of Hilla-Najaf Street in 

maintenance during this study. The traditional PCI results confirmed these finding in 

terms of ranking only. 

The finding of this research shows that RMA provides a more comprehensive and 

reliable assessment by implementing multiple evaluation parameters rather than relying 

on a single criterion. Consequently, RMA generates a more balance classification, avoiding 

the underestimation of performance that may occur in the PCI method when only one 

deficient parameter influences the final category as shown in this study.   

Additionally, research bridges the gap between theoretical analytical hierarchy process 

(AHP) models and deployable, low-cost tools in Iraq. By implementing these models, the 

software enables management to transition from reactive maintenance to data driven 

prioritization, ensuring that tightening budgets are allocated toward the most critical 

infrastructure need.    

 

NOMENCLATURE 

RMA  Road management application 

SORB   Standards and Specifications for Roads and Bridges 

Wi  Weighting factors 

RSA  Road Scoring Application 

IRC  Indian Roads Congress 

Rc  Critical Rate 

NA  Not applicable  

RCS  Overall road condition scoring 
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Si  The severity rating of defect i 

CSV   Comma separated values 

(APH)   Analytical hierarchy process  

ai,j  Pairwise comparison value 

wi  Criterion weight 

ƛmax  Principal Eigenvalue 

CI   Consistency index 

CR  Consistency ratio 

RI   Random index 

ArcGIS Pro Aeronautical Reconnaissance Coverage Information System Professional 

PCI  Pavement condition index 

DV  Deduct value 

CDV  Corrected deduct value 

TDV  Total deduct value 

m  Maximum allowable number of deducts,  

HDV   Highest deduct value 

 
 

AUTHORS CONTRIBUTIONS 

Conceptualization, M.M.; Methodology, M.M., and H.A.; Software and Computational 

Modelling, M.M. and A.W.A.; Validation, M.M., H.A., and A.W.A.; Formal Analysis, M.M., 

H.A., and A.W.A.; Investigation, M.M. and H.A.; Resources, M.M.; Data Curation, M.M. 

and H.A.; Writing Original Draft Preparation, M.M., H.A., and A.W.A.; Writing – Review 

& Editing, , M.M., H.A., and A.W.A.; Visualization, M.M., and H.A.; Supervision, M.M. 

CONFLICT OF INTERESTS 

The authors have no conflict of interest to declare. 

 

REFERENCES 

1. Ghanbari, M., & Hasani, M. Key success factors in road maintenance management projects: A 

case study of Maysan Province, Iraq. IIUM Engineering Journal, 2024, 25(1), 103–115. 

2. Kamil, G.A., Banacu, C.S., & Aridah, M.W. The implementation of smart government of Iraq 

and its impact on the transportation. Smart Cities International Conference (SCIC) Proceedings, 

2023, 9, 519–526. 

3. Jameel, A., & Al‑Nuaimi, A. N. Assessment of road infrastructures in Iraq according to safe 

system requirements: Case study of old Baquba–Baghdad rural road. IOP Conf. Ser.: Materials 

Science and Engineering, 2020, 888(1), 012047.  



 
 

A Data-Driven Road Management Application for Automated Pavement Condition & Safety Assessment 1367 

4. Salem, H.J., Khammas, W.M., & Hameed, A.H. Revitalizing Road Management in Iraq: An 

Economic Assessment of Financing Strategies for Sustainable Infrastructure Development. 

International Journal of Academic Research in Business and Social Sciences, 2024, 14(11), 2801–

2811.  

5. Mehany, M.S.H.M., & Guggemos, A.A. Risk‑managed lifecycle costing for asphalt road 

construction and maintenance projects under performance‑based contracts. ASCE‑ASME 

Journal of Risk and Uncertainty in Engineering Systems, Part A: Civil Engineering, 2016, 2(4), 

05016001.  

6. Muller, M., Park, S., Lee, R., Fusco, B., & Correia, G.H.d.A. Review of Whole System Simulation 

Methodologies for Assessing Mobility as a Service (MaaS) as an Enabler for Sustainable Urban 

Mobility. Sustainability, 2021, 13(10), 5591.  

7. Dudkin, E., Abujwaid, H., & Losin, L. Urban Traffic Network Connectivity and Efficiency 

Evaluation (Through the Example of Iraq). International Scientific Siberian Transport Forum. 

Cham: Springer International Publishing, 2021, 627-636.  

8. Rwadhah, D.K. & Al-Jameel, H.A. Evaluation and analysis of al-matar road (ring road) in al-

najaf city. In E3S Web of Conferences, 2023, 427, 03023.  

9. Al-Mansoori, T., Noorance A., & Ali S. GIS technology for enhancing pavement maintenance 

and condition assessment: Case study. Al-Qadisiyah Journal for Engineering Sciences, 2025, 18, 78-

82. 

10. Budianto et al. In A Study in West Sumatra Using Ahp to Determine Road Repair Needs Based on 

Evaluation Criteria from Pkrms, Optimizing Budget Use and Increasing Road Service Life', 2022. 

11. Arifin, M.F.A., Marleno, R. & Oetomo, W. Criteria Analysis and Application of Analytical 

Hierarchy Process (AHP) In Determining Road Maintenance Priorities on Cokroaminoto 

Bojonegoro Road Section. Asian Journal of Social and Humanities, 2025, 3(6), 1271-1283.  

12. Noori, H. and Sarkar, R. Comparative assessment of airport pavement condition using PCI and 

ACN-PCN methods. Indian Journal of Engineering and Materials Sciences (IJEMS), 2025, 32(5), 562-

580. 

13. Li, L., Liu, D., Teng, L., Zhu, J. Development of a Relationship between Pavement Condition 

Index and Riding Quality Index on Rural Roads: A Case Study in China. Mathematics 2024, 12, 

410. 

14. ASTM International. ASTM D6433-20, Standard Practice for Roads and Parking Lots Pavement 

Condition Index Surveys; ASTM International: West Conshohocken, PA, 2020. 

15. Khahro, S. H., Memon, Z. A., Gungat, L., Yazid, M. R. M., Rahim, A., Mubaraki, M., & Md. 

Yusoff, N. I. Low-Cost Pavement Management System for Developing Countries. Sustainability, 

2021, 13(11), 5941.  

16. Al-Mansoori, T., Abdalkadhum, A.J., & Al-Husainy, A.S. A GIS-enhanced pavement 

management system: A case study in Iraq. Journal of Engineering Science and Technology, 2020, 

15(4), 2639–2648.  

17. Mulyanto, A., Sari, R.F., Muis, A., & Harwahyu, R. Vision-Based Automated Pavement Distress 

Inspection: A Review. IEEE Access, 2025, 13, 115474-115502.  

18. Jing, J., Yang, X., Cheng, H., Xu, F., Zheng, H. Q., Brilakis, I., & Liu, J. A critical review on 

pavement distress detection using images and point clouds from visual features to geometric 

modeling. Journal of Road Engineering, 2025, 5(4), 583–606.  



 
 

Monketh Mohammed, Husam Abujwaid, Ammar Wisam Altaher 1368 

19. Yamaguchi, T., & Mizutani, T. Large-scale, fully automated, and comprehensive spatiotemporal 

pavement crack evaluation incorporating geographic information system, street view images, 

deep learning, and cluster analysis. Computer-Aided Civil and Infrastructure Engineering, 2025, 

40(30), 5867–5890.  

20. Mehr, G., & Eskandarian, A. Traffic Aware Lane Change Advance Warning System for Delay 

Reduction at Congested Freeway Diverge Areas. Journal of Transportation Engineering, Part A: 

Systems, 2021, 147(9), 562. 

21. Huang, L.-L., Lin, J.-D., Huang, W.-H., Kuo, C.-H., Chiou, Y.-S., Huang, M.-Y. Developing 

Pavement Maintenance Strategies and Implementing Management 

Systems. Infrastructures 2024, 9, 101.  

22. Svenson, K., McRobbie, S., & Alam, M. Detecting Road Pavement Deterioration with Finite 

Mixture Models. International Journal of Pavement Engineering, 2017, 19(5), 458–465.  

23. García, M., López, A., and Torres, P. GIS-based pavement management system for urban road 

networks: data requirements and implementation cost analysis. International Journal of Pavement 

Engineering, 2021, 22(9), 1123–1138. 

24. Indian Roads Congress. IRC: 82-2015: Code of Practice for Maintenance of Bituminous Road Surfaces; 

Indian Roads Congress: New Delhi, India, 2015.  

25. Miller, J.S., Bellinger, W.Y. Distress Identification Manual for the Long-Term Pavement Performance 

Program; FHWA-RD-03-031; Federal Highway Administration: McLean, VA, 2003, pp 1–154. 

26. Federal Highway Administration (FHWA) (n.d.) Appendix C: Crash Rate. Available at: 

https://highways.dot.gov/safety/local-rural/roadway-departure-safety-manual-local-rural-

road-owners/appendix-c-crash-rate (Accessed: 28 December 2025). 

27. Herbel, S., Laing, L., McGovern, C. Highway Safety Improvement Program Manual; U.S. 

Department of Transportation, Federal Highway Administration, Office of Safety: Washington, 

DC, 2010. 

28. Deng, Y., & Shi, X.  Modeling the rutting performance of asphalt pavements: A review. Journal 

of Infrastructure Preservation and Resilience, 2023, 4(1), 17. 

29. Saad, D. A., & Al-Baghdadi, H. A. Evaluation of rutting in conventional and rubberized asphalt 

mixes using numerical modeling under repeated loads. Engineering, Technology & Applied 

Science Research, 2021, 11(6), 7836–7840.  

30. Abd Al. K., H. M., & Albayati, A. H. K. The Possibility of Minimizing Rutting Distress in 

Asphalt Concrete Wearing Course. Engineering, Technology & Applied Science Research, 2022, 

12(1), 8063–8074.  

31. Gu, F., Luo, X., West, R. C., Taylor, A. J., & Moore, N. D. Energy-based crack initiation model 

for load-related top-down cracking in asphalt pavement. Construction and Building Materials, 

2018, 159, 587–597.  

32. Zhang, W., et al. Laboratory Validation of Surface-Initiated Transverse Cracking of Asphalt 

Pavement. Applied Sciences, 2020, 10(3), 1002.  

33. Chen, J., Li, H., Zhao, Z., Hou, X., Luo, J., Xie, C., Liu, H., Ren, T., & Huang, X.  Investigation of 

transverse crack spacing in an asphalt pavement with a semi-rigid base. Scientific Reports, 2022, 

12(1), 18079–18079.  

https://highways.dot.gov/safety/local-rural/roadway-departure-safety-manual-local-rural-road-owners/appendix-c-crash-rate
https://highways.dot.gov/safety/local-rural/roadway-departure-safety-manual-local-rural-road-owners/appendix-c-crash-rate


 
 

A Data-Driven Road Management Application for Automated Pavement Condition & Safety Assessment 1369 

34. Amir, A., & Henry, M. Statistical analysis of asphalt pavement distress occurrence for project-

level maintenance management of provincial highways. In RILEM Bookseries, Springer, 2024, 

48, 1025-1038.  

35. Kamau, J., et al. Performance evaluation of a HMA pavement longitudinal joint using void 

reducing asphalt membrane (VRAM). Frontiers in Materials, 2023, 10, 1-8. 

36. Rahaman, M. Z. Evaluation of performance of Void-Reducing Asphalt Membrane and tack coat 

on asphalt mixtures’ longitudinal joints. ASCE Journal of Materials in Civil Engineering, 2023, 

35(3), 4635. 

37. Wang, J., Luo, X., Huang, X., Ye, Y., & Ruan, S. Analysis on Effects of Joint Spacing on the 

Performance of Jointed Plain Concrete Pavements Based on Long-Term Pavement Performance 

Database. Materials, 2022, 15(22), 8132.  

38. Kim, J., Zollinger, D., & Cho, W. Experimental Study of the Effects of Moisture on the 

Performance of Concrete Pavement Joint Sealants. Transportation Research Record: Journal of the 

Transportation Research Board, 2022, 2676(7), 585-596.  

39. Dhoska, K., Sakaj, E., & Moezzi, R. Enhancement of Road Construction by Using Recycled Tire 

Rubber Modified Bitumen. Journal of Transactions in Systems Engineering, 2023, 1(1), 1–9.  

40. Coenen, T.B. & Golroo, A. A review on automated pavement distress detection methods. Cogent 

Engineering, 2017, 4(1), 1374822.  

41. Markos T. Causes of Defects of Asphalt Pavement and Its Remedies: A Case Study in Agaro Town. 

Jimma, Ethiopia, 2017. 

42. Fosu, G.O., Opong, J.M., Owusu, B.E., & Naandam, S.M. Modeling road surface potholes within 

the macroscopic flow framework. Mathematics in Applied Sciences and Engineering, 2022, 3(2), 

106–118.  

43. Setyawan, A., Kusdiantoro, I., & Syafi’i. The Effect of Pavement Condition on Vehicle Speeds 

and Motor Vehicles Emissions. Procedia Engineering, 2015, 125, 424–430.  

44. Oxfordshire County Council. The Little Book of Highway Defects: A Guide to the Identification of 

Common Problems; Wilson Pym May Ltd.: Witney, U.K., 2011. 

45. Najib, G. Distresses and Treatment/Repair Methods in Flexible and Rigid Pavement; CED 

Engineering, Inc. Available at: 

https://www.cedengineering.com/userfiles/Distresses%20and%20TreatmentRepair%20Metho

ds%20in%20Flexible%20and%20Rigid%20Pavements.pdf (Accessed: 28 December 2025). 

46. Abbasi, S. J., Weng, X., & Iqbal, M. J. Numerical Analysis of Differential Settlement in Road Due 

to Widening Considering Different Reinforcement Techniques. Applied Sciences, 2024, 14(5), 

1740–1740.  

47. Shen, Z., Li, H., Wei, Y., & Fang, L. Centrifugal model test of embankment widening with 

geogrid treatment technique. Arabian Journal of Geosciences, 2021, 14(23), 2484.  

48. J Ling, J., Qian, J., & Qin-long, H. Failure Mechanism and Design Criterion for Low-Volume 

Roads Subgrade Widening. Transportation Research Record Journal of the Transportation Research 

Board, 2007, 1989–2(1), 135–141.  

49. Yabi, C.P., Gbehoun, G.F., Tamou, B.C.K., Alamou, E., Gibigaye, M., & Farsangi, E.N. Analysis 

and Classification of Distress on Flexible Pavements Using Convolutional Neural Networks: A 

Case Study in Benin Republic. Infrastructures, 2025, 10(5), 111.  

https://www.cedengineering.com/userfiles/Distresses%20and%20TreatmentRepair%20Methods%20in%20Flexible%20and%20Rigid%20Pavements.pdf
https://www.cedengineering.com/userfiles/Distresses%20and%20TreatmentRepair%20Methods%20in%20Flexible%20and%20Rigid%20Pavements.pdf


 
 

Monketh Mohammed, Husam Abujwaid, Ammar Wisam Altaher 1370 

50. Afrawee, A.R.M., Aodah, H.H., & Mohammed, H.A. Development of the Iraqi Highways 

Management System – Case Study: Basrah–Nasiriyah’s Highway. AIP Conference Proceedings, 

2020, 2292, 030014.  

51. Hashim, M.S., Abdulhadi, A.M., & Taher, M.J. Utilizing geographic information systems in 

pavement maintenance applications: Baghdad University as case study. Periodicals of 

Engineering and Natural Sciences, 2021, 9(1), 174-183.  

52. Kandel, A. Review of The Analytic Hierarchy Process: Planning, Priority Setting, Resource 

Allocation, by Saaty, T. L. Comput. Math. Appl. 1983, 9(3), 287. 

 

 

 



    𝜒 2 = ∑      (   O  i −   E  i ) 2    E  i .


    𝜒 2


  ∑


    O  i


    E  i


  R C S =   ∑  i = 1  n  (   S  i ×   W  i )  


    a  i j ′ =     a  i j    ∑  i = 1  n    a  i j


    w  i =     ∑  j = 1  n    a ′  i j  n


   ƛ  m a x =  1 12  ∑      W  s i    w  i


   ƛ  m a x ≈ 12 . 78


   ƛ  m a x


  C I =    ƛ  m a x −   n  n − 1


    12 . 78 − 12  12 − 1 = 0 . 0709


  C R =   C I  R I


  C R =   0 . 0709  1 . 54


    𝑺  𝒊


    𝑾  𝒊


    𝑺  𝒊


    𝑾  𝒊

