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Abstract 
Decision-making for interventions in urban road networks is often carried out reactively, addressing roads in the worst condition first, which 
reduces the length of intervention in the entire urban road network under an assigned budget. The objective of this work was to establish a 
methodology to prioritize the intervention of asphalt pavements on urban roads through a multi-criteria matrix that allows optimizing the 
management of pavements in the network. The criteria were previously adjusted and validated by road infrastructure experts using the Likert 
scale. Subsequently a large group of experts completed the multi-criteria matrix to qualify and weigh each of the criteria and intervention 
alternatives considered to address each of the established problems; the goal is to preserve the urban road network in good condition. With 
the support of Geographic Information Systems (GIS) tools, each criterion was represented by a vector shapefile format, each of them was 
transformed into raster format and reclassified to assign a specific score. The attributes of the raster format used information from the road 
network of the city of Itagüí (Colombia). The final result was the weighted overlay of maps that allowed establishing the prioritization of the 
roads to intervene according to the score obtained in each road segment, which allows the administrator to make efficient decisions in an 
urban network. 
Keywords: Management of urban pavements; multi-criteria matrix; asphalt pavements; decision making; urban roads. 
 
Resumen 
La toma de decisiones para las intervenciones de las redes viales urbanas se realiza a menudo de forma reactiva, atendiendo primero las vías 
en peores condiciones, situación que reduce la longitud de intervención en la totalidad de la red vial urbana bajo un presupuesto asignado. 
El objetivo de este trabajo consistió en establecer una metodología para realizar la priorización de intervención de pavimentos asfalticos en 
vías urbanas por medio de una matriz multicriterio que permita optimizar la gestión de pavimentos de la red. Los criterios fueron previamente 
ajustados y validados por un grupo de expertos en infraestructura vial empleando la escala de Likert; posteriormente un grupo amplio de 
expertos diligenciaron la matriz multicriterio que permitió ponderar y calificar cada uno de los criterios y Alternatives de intervención que 
se consideran para atender cada uno de los problemas establecidos, con el objetivo de conservar la red vial urbana en buenas condiciones. 
Con el apoyo de herramientas de Sistemas de Información Geográfica SIG, cada criterio se representó por un archivo vectorial formato 
shapefile, cada uno de ellos fue transformado en formato ráster y reclasificado para asignar un puntaje determinado. Los atributos del formato 
ráster utilizaron la información de la red vial de la ciudad de Itagüí (Colombia). El resultado final fue la superposición ponderada de mapas 
que permitió establecer la priorización de las vías a intervenir de acuerdo con el puntaje obtenido en cada segmento vial, lo que permite al 
administrador la toma eficiente de decisiones en una red urbana. 
 
Palabras clave: Gestión de pavimentos urbanos; matriz multicriterio; pavimentos asfálticos; toma de decisiones; vías urbanas. 
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1. Introduction 
 

Pavement maintenance is essential to avoid the loss of value of road assets and meet the expectations of all stakeholders’ 
objectives. However, budgets are often insufficient to maintain road pavement at optimal levels. Therefore, a decision-making process must 
be used to prioritize different maintenance activities so as to optimize the use of the available budget and to achieve the pre-defined objectives 
(Augeri et al., 2019). 
 

The above makes it necessary to develop a Pavement Management System -PMS- that must integrate and coordinate all aspects 
considered in the pavement asset management process. In particular, the comprehensive PMS must take into account a dynamic process 
that incorporates feedback regarding the various attributes, criteria and constraints involved in the optimization of maintenance scheduling 
and decision-making (Osorio, 2015). 
 

The PMS provides the necessary framework to evaluate the condition of the pavement and to select appropriate strategic decisions 
on maintenance activities to minimize the necessary funds and to improve the performance of the road network (García et al., 2023) 
Neglecting the need for conservation and delaying pavement maintenance implies higher costs and a risk of structural failure. Compared to 
early maintenance based on preservation, late maintenance is estimated to triple agency and user costs (Torres et al.,2017). 
 

When the network administrator is faced with the decision-making process or selection of alternatives, there are generally 
multiple objectives that conflict with each other, making this process more complex and generating the need for a tool or method that allows 
comparison. These multiple criteria are compared to the range of possible alternatives (Osorio and Orejuela, 2008). 
  

Multi-criteria decision-making methods have been widely used in recent years to assist project managers in construction-related 
selection processes. Decision-making techniques can be used not only to compare or rank a set of alternatives, but also to incorporate the 
preferences of the decision maker in the search for the optimal maintenance plan (García et al., 2023). 
 

Multicriteria analysis (MCA) is a decision-making aid that establishes preferences between different options in relation to an 
explicit set of objectives. It does this through models that help predict how a series of aspects of the real world will behave and help describe 
the relationships between elements of information in order to predict how real-world events will occur. The quality or results obtained are 
determined by the information and criteria selected by the user of this method (Aronoff, 1993). 
 

In multi-year multi-objective optimization, the goal is to identify a multi-annual works plan that can best meet multiple objectives 
and the constraints (e.g. budget). To make the complexity of the problem manageable, the set of possible treatments for each road section 
can be restricted by utilizing decision trees (or other methods) in order to identify a reasonable subset of possible treatments (Augeri et al., 
2019). 
 

An aspect of utmost importance for this method is that it is based on the judgment of a team of decision makers who establish 
objectives, criteria and weights of importance for each performance criterion. It is a flexible and interactive tool that allows the decision 
maker to face the difficulties of managing a large amount of complex information in a consistent manner (Malczewski, 1999). 
 

Within this framework, it is vital to have adequate information to make the best decision; that will be determined within a set of 
possible alternatives, which must be evaluated against multiple criteria that are defined for this purpose. The result then is a complex and 
delicate process in which subjectivity and dependence on information play a predominant role. For this reason, it is necessary to have tools 
that improve this process and allow a more scientific analysis of the alternatives (Osorio and Orejuela, 2008). 
 

For MCA, criteria and alternatives must be established to find the most effective solution to a given problem; there are different 
methods that are applicable depending on the complexity of the information that must be analyzed. Among the multi-criteria methods with 
the greatest recognition and application is the weighted weight matrix, also called the criteria matrix. This matrix consists in an arrangement 
of rows and columns that face each other. This allows a choice to be made of which solution would be the best, based on the selection, 
weighting and application of criteria. 
 

For this research, the methodology established in the weighted matrix was used; due to the structure of the data collected and 
processed, this is the most efficient methodology to continue to the next stage of data processing in the Urban Pavement Management System 
-UPMS- Structure for the case study. 
 

The development of the UPMS integrates technical variables, correlate with aspects that influence decision-making, seeking to 
technically and economically optimize the work route to prioritize the road segments to intervene. This occurs within the scheduled 
Preservation, Maintenance or Rehabilitation activities (P+ M+R), to gradually raise the level of service of the sections that make up the 
road network. 
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2. Discussion and development 
 
2.1. Case study 

The city of Itagüí in Colombia is a first-class territorial entity, according to the classification of the Colombian state. It is located 
in a tropical zone, with an average annual temperature of 23°C; it has 297,000 inhabitants and 205 km of urban roads with a limited budget 
for network intervention. The municipality has national recognition of its high commercial and industrial vocation recognized. 
 

For the development of prioritization in the intervention of road segments, the development of a multi-criteria matrix was carried 
out, structured in the initial approach of criteria grouped by categories, and intervention alternatives; this allows achieving the objective of 
maintaining the condition of the pavement of roads that are in excellent or good condition, and improving the condition of the pavement of 
roads that are in fair or poor condition. 
 

(Figure 1) shows a process map that allows the development of the established methodology. 
 

 
Figure 1. Diagram of activities 

 
2.2. Categories considered 
 
  The established criteria were grouped into four categories: 
 
2.2.1 Performance and comfort 
  The quality of a pavement can be estimated in terms of the service it provides to the user, resistance, durability and comfort. These 
attributes can be evaluated objectively through the use of indices and indicators that describe the current performance of the pavement and the 
progression of this performance over time (Solminihac et al., 2018). Comfort is associated with the functional behavior of the pavement, which 
transmits comfort and safety to the road user. 
 
  
2.2.2 Environmental 
 Frequent pavement P+M+R activities can cause a negative influence on the environment. The production of asphalt, the extraction of 
granular material and the operation of machinery with fossil fuel, emits enormous quantities of carbon oxides, nitrogen oxides and sulfides; these 
compounds promote global warming, the decrease in the PH of a natural resource and photochemical contamination. (Chen and Zhengb, 2021). 
This category considered the impact of the P+M+R works on the pavement at an environmental level, caused by the state of the rolling surface and 
the volume of vehicles that circulate on it. 
  
2.2.3 Political and social 
 

Community participation plays an important role in the development of the city; roads and pavements are a means of communication that 
can represent development or, on the contrary, abandonment of the State. It is essential to benefit a large part of the citizens with roads in good 
condition, which allow better accessibility and vehicular connectivity, concentrating efforts on roads with a large influx of public or that are important 
for developing the community's own activities (hospital centers, of commercial, economic and state dynamics, etc.). 
 
2.2.4 Economy and transportation 
 
 Determining the road corridors through which the greatest number of vehicles are mobilized is a factor that is linked to the hierarchy and 
importance of the road given its connectivity conditions, type of vehicles, and economic development. Keeping these roads in good condition 
represents a reduction in vehicle operation expenses (less travel time, reduction in polluting agents, maintenance, fuel and lubricant consumption, 
etc.) as well as mitigates environmental impacts. 
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2.3 Validation of criteria that make up the multicriteria matrix 
 
 For the development of the multi-criteria matrix, it was necessary to validate with road infrastructure experts the relevance of the criteria 
initially established in each category. One of the recognized methods used was the Likert scale methodology, this is a research field methodology that 
allows measuring an individual's opinion on a topic through a questionnaire, which identifies the frequency with which the client performs an activity, 
the difficulty they have in carrying out a task, the degree of importance they attribute to an aspect, the probability that you will perform an action in 
the future, among other things. (Hammond, 2022). 
 
 (Table 1) presents the assessment that was given to each criterion by the panel of experts. (Table 2) represents the criteria that were taken 
into account to evaluate each category. 
There are different Likert scales; the one used for this work was the so-called “agree” Likert Scale, with the following rating scale: 
 

Table 1. Assessment of criteria 

 
 

The survey carried out was non-probabilistic sampling because the number of elements in a population is unknown or cannot be 
individually identified (Kumar, 2011). Within non-probability sampling is convenience sampling, which consists of a technique where samples of the 
population are selected only because they are conveniently available to the researcher (Ortega, s.f.). Therefore, it was possible to survey five experts. 
The aforementioned is based on factors such as the difficulty in accessing more people or entities that could respond to the survey, the limitation of 
time for the development of the degree work, availability of professionals in the field with experience and knowledge in pavement management. The 
experts rated each of the criteria and made some observations; the final result was the following: 
 

Table 2. Validation of criteria for each expert 
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Taking into account the assessment scale in (Table 1), the assessments for each of the criteria were tallied to calculate the frequency of 
the assessment displayed in (Table 3). The term "frequency" indicates the number of times a factor is repeated within a series (Hammond, 2022). The 
sum is made for each assessment of the criterion to then calculate the percentage of incidence of each of them, which allows determining the 
favorability of 61.2% of the criteria proposed by the experts. 

Table 3. Accounting of the frequency for each assessment of the criterion 

 
 

The graph in (Figure 2) shows the results of the evaluation of the criteria in (Table 2), which shows unfavorable results for criteria 5 and 
10, which therefore required reformulation because the "Strongly disagree" and "Undecided" evaluations prevailed; for criteria 1, 3 and 6 there were 
medium levels of indecision, which led to adjustments in their formulation. The rest of the criteria with favorable results of acceptance were considered 
validated for the structuring of the multicriteria matrix. 

 
Figure 2. Accounting of the frequency by criteria 

 
The experts made suggestions on modifying the criteria, which were reviewed and accepted for a consolidation of criteria 

that will structure the multi-criteria matrix. Those are presented in (Table 4). 
 

Table 4. Final result of criteria validation 
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It is observed that among the criteria that the experts considered to be of low importance and recommended that they be modified are 
criteria No. 5 and 6, which are in the "ENVIRONMENTAL" category, and within the analysis of the formulation of the survey it is concluded that to 
evaluate criteria for the emission of pollutants on low traffic roads in good and bad condition, the weightings assigned by experts cannot be relevant; 
therefore it is necessary to eliminate these criteria, and to consider other criteria for the matrix that fits in the environmental category, such as noise 
and the use of materials for the reconstruction of an urban road. 
 
2.4 Definitive multicriteria matrix 
  A series of intervention alternatives were incorporated into the new multicriteria matrix, listed in (Table 5), which are part of the P+M+R 
activities; with these alternatives, the administrator of the urban road network is expected to mitigate the effect of each criterion. 
 

Table 5. Description of the alternatives for the MCA 

 
 Based on the new criteria and the incorporation of intervention alternatives, the final multi-criteria matrix was structured, where a panel 
of experts from the road infrastructure area had to establish the importance of each criterion and the best intervention alternative to mitigate it. To 
do this, they used a scale from 1 to 10, where 10 is the most important criterion or the most appropriate intervention. 
 
 Criteria affect proposed alternatives differently, hence the importance of assigning different weights to indicate the relative importance of 
alternatives (Martinez et al., 2023). 
 
 (Table 6) shows the survey proposal for data collection sent to a group of experts en masse, via email and the WhatsApp application. 
 
 

Table 6. Multi-criteria analysis matrix to be completed by experts 
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2.5 Criteria articulated in the GIS 
 Geographic Information Systems (GIS) are information system capable of integrating, storing, editing, analyzing, sharing and displaying 
geographically referenced information. In a generic sense, GIS are tools that allow users to create interactive queries, analyze spatial information, 
edit data, maps and present the results of all these operations in graphic form (Autonomous University of Madrid, 2011). (Figure 3) graphically 
represents a GIS. 
 

 
Figure 3. Representation of vector and raster elements in a GIS. Source: (Autonomous University of Madrid, 2011) 

 
 

 
 There are two ways to store data in a GIS:  
• RASTER: Any type of digital image represented in meshes (PIXELS). It divides the space into regular cells where each one represents a single value. 
• VECTORIAL: Here the data is based on the vector representation of the spatial component of the geographic data through points, lines or polygons 
(Autonomous University of Madrid, 2011). 
 
 GIS applications with PMS arrive at a selection or interpretation of the prioritization of resources that provide the greatest benefit to the 
region. The ease of consultation of the GIS provides efficiency in the management of information for the authorities in charge of the road network 
(Silva et al., 2018). 
 
 Manual methods use Multi-Criteria Decision Making-MCDM- to compare several alternatives, and automatic methods use MCDM-GIS 
and formula-based methods to generate the optimal alternative in the raster. (Jiang et al., 2023). 
 
 For the case study, each criterion established in the multicriteria matrix had an associated shapefile (vector) file, which is a simple and 
non-topological format that is used to store the geometric location and attribute information of the geographical entities. The geographic entities of 
a shapefile can be represented by points, lines or polygons (areas) (ESRI, 2023). 
 
 For a road system to be manageable, it must be divided into branches that can be taken as city streets. Because a street does not always 
have uniform characteristics and does not require the same maintenance and rehabilitation treatment at the same time along its entire length, it is 
divided into smaller, more manageable segments (sections). This will also help in collecting data and conducting analysis. Segments are defined so 
that the pavement within their boundaries is consistent in terms of physical and functional characteristics (Almuhanna et al., 2018). 
 
 For the case study, georeferenced information was collected in Shapefile format from the road network of the city of Itagüí, which was 
reviewed and processed to represent the criteria on maps. To perform the weighted overlay of the maps, they must match in cell size and area extension 
so that the results are executed without conflicts in the ArcGIS software. 
 
 Each of the criteria represented in the shapefile contains information that allowed a rank classification process to establish the favorable 
conditions for each attribute. 
 
 Each layer was classified into ranges according to the content of the information and transformed into raster format, standardizing the 
cell size for each one; that is followed by the process of reclassification of information. Reclassification is the process of reassigning one or more 
values of a raster data set to new output values. The Reclassify tool is used to transform the values of multiple input raster data sets to a common 
scale. (Gabri, 2020). (Table 7) presents the association of each criterion taken into consideration in the multicriteria matrix with the information 
contained in a shapefile. The maps transformed to raster format contain cell values that come from the rating indicators of each criterion, which are 
incorporated into a unified reclassification in a range from 1 to 9. 
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Table 7. List of criteria adopted in shapefile: Information and classification ranges for each shapefile and information reclassification for the case 
study 

 
 For the case study and as an example, (Figure 3) shows the georeferenced information of Criterion No. 1 "Reach the expected useful life 
periods" represented with the shapefile "Roads in Good Condition", this file in its attributes table measures the Pavement Condition Index -PCI- that 
through a scale of values represents graphically the surface condition of the pavements, and for the example classifies them in two states: "good 
(55<PCI<85)" and "excellent (85<PCI<100)". These values are an instrument to program the respective treatments on the pavements within the 
appropriate times, and to prolong their useful life to reach the projected service time. 
 

 
Figure 3. Representation of vector elements on a map of Roads in Good Condition according to PCI criteria 
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3. Results of the case study 
 

 
Using non-probabilistic sampling, specifically convenience sampling, information was collected from a total of 17 surveys. After 

the application of the definitive factorial matrix, the results obtained were entered in a Criteria Weighting Matrix, where the weightings 
established by each of the respondents (experts) were recorded. Within the criteria defined, the experts rated the criteria from 1 to 10, with 
a value of 1 being considered the criterion of less importance, and a value of 10 being considered the criterion established as of great 
importance; there was also a condition of not repeating the criteria rating values within the same category. The results obtained the criteria 
that generate greater relevance in the multicriteria matrix were identified according to the score obtained by each of the categories (Table 
8ª) and (Table 8B). 

 
Table 8. A. Criteria weight matrix (part 1). B. Criteria weight matrix (part 2) 

 
 
 
 
 
(Table 9) consolidates the information on the sum of the scores by criteria and determines the percentage of influence of each 

criterion on the total sum of all the criteria. The percentage of influence of each criterion establishes differences when superimposing all the 
maps involved in prioritization, allowing some road segments to be highlighted over others, when entering the information into the GIS for 
the geoprocessing of the information obtained. 
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Table 9. Result of the weighting of the criteria and the percentage of influence 

 
 

In the multi-criteria matrix, the experts weighted each of the alternatives for each criterion to be resolved.  Then through the 
“Payment Matrix,” which is defined as a tool to organize the data to facilitate the choice of an alternative in decision making, the weights 
of each alternative for each criterion were averaged, as indicated in (Table 10). 
 

Table 10. Payment matrix (Double entry matrix – criteria vs alternatives) 

 
 

With the results of the Criteria Weight Matrix (Table 8A) and (Table. 8B) and the Payment Matrix (Table 10), the “Average of 
Alternatives” was calculated, which is the result of applying the average of the sum of the multiplications of the corresponding entries of 
two matrices (Alternative and Expert) applied for all experts. According to the score obtained, the order of priority or importance of the 
alternative to be used in decision making is established. The results are seen in (Table 11). 
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Table 11. Calculation of the average of the alternatives 

 
 
 

The alternative with the highest score (Table 12) is the intervention that stands out in the decision-making based on the specific 
evaluation of each road segment. 
 
 

Table 12. Order of importance of the alternatives 

 
 
3.1 Prioritization of roads 
 

Once the maps were consolidated and converted into raster formats with their respective reclassification according to Table No. 
8, the weighted superimposition of maps was applied, which allows multi-criteria evaluations to be carried out to solve decision problems 
where several factors with different evaluations intervene (GEASIG, 2023). 
 

In the weighted overlay, each input raster is weighted according to the importance or influence on the entire set of criteria (Table 
9). The weight is a relative percentage and the sum of the percentage influence weights must equal 100. Influences are expressed using 
integer values only (ArcGIS Pro, 2023). 
 

To determine the prioritized paths from the MCA, the influence results of each criterion were used (Table 9), and the scale of 
values reclassified by each “Raster” type map that represents the criterion (Table 7) was used. The results were grouped in the ArcGIS 
software geoprocessing tool called “Weighted Overlay” (Figure 4), which was used to perform the weighted superposition of the maps and 
consolidate in a single map the prioritization of the roads represented in the cell values. 
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Figure 4. Information loaded for the weighted overlay of the 17 criteria in the GIS tool “Weighted Overlay” 

 
The result of the geoprocessing using the weighted overlay is seen in the “Prioritization” map in (Figure 5) and (Figure 6), in 

which the required priority of the urban road network of the case study can be spatially identified in traffic light-type color convention on a 
scale from 1 to 6, the highest and most critical value (red). 
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Figure 5. “Priorizacion” Map. Result of the weighted overlay of the criteria represented in maps 
 

 
Figure 6. “Priorizacion” Map Detail, result of the weighted superposition of the criteria represented on maps 

 
In the result obtained from the “Priorizacion” raster map in the attribute table, cell values that range from 1 to 6 are obtained; 

each cell value contains the pixel count that are part of that value. To simplify the visualization of the information, the cell values were 
grouped into four priority categories, according to what is indicated in (Table 13). 
 

Table 13. Classification of cell values of the prioritization raster map 

 
 

The “Priorizacion” map has cell values that are not part of the road network, so they were extracted by performing geoprocessing 
with a “vehicular road network buffer” from the case study, found in the box of GIS tools “Zonal,” specifically the tool “Zonal Statistics.” 
This tool also allowed the cell values to be unified within a road segment by statistically applying the MEDIAN, which determines the 
average value of all the cells in the raster of values that belong to the same area (segment) as the output cell. The result of the geoprocessing 
is shown in (Figure 7). 
 

 
Figure 7. Map “Resultado” of prioritization of the road network of the city of Itagui case study 
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In the result obtained from the “Resultado” raster map, cell values ranging between 1 and 5 are obtained in the attribute table. 

Each cell value contains the count of pixels that are part of that value; to simplify the visualization of the information, the cell values were 
grouped into four priority categories, according to what is indicated in (Table 14). 
 

Table 14. Prioritization raster map cell value sorting 

 
 
 
 
 

Once the information has been purified, the results of prioritization in greater detail are seen in (Figure 8), which presents the 
sections fully defined in the cell values for each road segment, a situation that can be compared with (Figure 8) showing different cell values 
for the same road segment. 
 

 
Figure 8. Detail “Resultado” map of prioritization of the road network of the case study 

 
 
 
 
 
 
To identify the nomenclature and other relevant data of the roads to be prioritized, the “Resultado” map is subject to 

geoprocessing to convert it back to the “Prioridad_Vial” shapefile format in the attribute table that contains the information of each road 
segment (Figure 9). The “Prioridad” column stands out, indicating the scale of importance, with the highest value being the most critical 
value in prioritizing the road network; that is why each road segment with a high priority scale must be the object of review and attention 
by the administrator of the urban road network to schedule the interventions according to the state of the road, validating with the order of 
importance of the intervention alternatives in (Table 12). 
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Figure 9. Image of the Attribute Table of the “Prioridad_Vial” shapefile of the case study 

 
The table of attributes in the GIS (Figure 9) allows calculating the intervention lengths of the road network according to the 

established priority, as shown in (Table 15). 
 

Table 15. Results: Intervention lengths and road prioritization 

 
 

4. Conclusions 
 
 
• This research established that it is possible and viable to prioritize road intervention, through the operation of a UPMS applying multi-criteria 
analysis; its main objective is to improve the service conditions of the road segments that make up the urban road network, using Geographic 
Information Systems. 
• This process generates a list of priorities of the road segments included in the urban road network. The scores obtained are used by the road network 
administrator to make decisions, so as to execute the required alternative based on the condition of the road segment.  
• The work carried out allowed us to structure the prioritization of roads for the intervention of urban asphalt pavements, which for the case of study 
are of high incidence in the network; based on a similar structure of multi-criteria analysis, the research can be expanded to prioritize the intervention 
of concrete and cobblestone pavements in cities that have a large extension of this type of pavements. 
• The structuring of the multi-criteria matrix can be adjusted or complemented in criteria according to the availability of cartographic information 
that the territorial entity has; however to do so, the MCA surveys must be completed by experts in road infrastructure. 
• The preference of the experts surveyed to resolve the proposed criteria is to use alternative number 3 “Resurfacing or repaving on existing pavement 
structures.” Within the development of the UPMS, that is an economically and technically viable alternative, given that it allows the restoration of 
the pavement conditions at a low cost (depending on the surface condition of the road to be intervened and the height of the existing curbs in the road 
segment), as well as reinforces the existing pavement structure, prolonging its useful life. 
• The criterion that indicates the highest value in the general weighting is number 13 “Improve pavement condition on the main arterial road: With 
high circulation of public transport vehicles and freight transport.”  When validating the data from the payment matrix (Table 13), the intervention 
alternatives to be used for this criterion, with an average score of 8 points each, are alternatives No. 2 “Pavement rehabilitation” and No. 3 “Repaving 
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or resurfacing on existing pavement structures.” This allows us to conclude that these should be the preferred alternatives to execute the UPMS on 
main arterial roads. 
• In each of the categories, with the results obtained in the development of the multi-criteria matrix, the UPMS must be oriented to “Achieve the 
expected useful life periods” (criterion No. 1, category No 1), “Reduce the use of non-renewable materials and/or recycle part of the materials in the 
process of improving the quality of the road” (criterion No. 6, category No. 2), “Improve accessibility to points of interest or high traffic” (criterion 
No. 11, category No. 3), “Improve pavement condition on main arterial road: With high circulation of public transportation vehicles and freight 
transportation” (criterion No. 13, category No. 4).  These criteria must represent greater attention to the implementation of a UPMS according to 
the needs qualified by the panel of experts. 
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