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Abstract. Road network is an important aspect for general economic development, which contributes for trade development and economic activity of an area. It can be used to measure social and economic level of the area, as good road network in an urban area is essential for economic activities and the development of a city. This study aims to develop a methodology for road maintenance management for urban roads by reviewing road maintenance management, exploring methods in managing database of road attributes and determining road maintenance activities to maximize the use of maintenance budget. 

Existing road maintenance prioritization system in Bandung, Indonesia, doing by Bina Marga (Indonesia Highway Department), has established a prioritization model in prioritizing the road maintenance. Having reviewed the prioritization model of Bina Marga, it should consider the different importance level of each criterion to the priority value for each road segment. In addition, it does not include the activities located in the road side that give influence to the priority of road maintenance.
This study also proposed some criteria for road maintenance in Bandung by considering the existing condition, the national standard and relevant literatures, which are segment functional condition, segment structural condition, and traffic volume. Considering some limitations of the existing road maintenance management, this study has developed a methodology for identifying the most economical maintenance activities and selecting the optimal segment locations. The proposed methodology consists of road inventory, data collection (for structural condition, functional condition and traffic condition), data processing, analysis and recommendation, a model to predict the future road condition, and a model for prioritizing the segments.
The proposed programs not only analyze and prioritize maintenance needs but also they can even create project cost estimates and analyze various funding scenarios. Because it lacks a spatial component, a pavement management program is greatly limited. A Geographic Information System can add tremendous functionality to a road maintenance management program not only in graphical output but in analysis, planning, reporting and other areas. 

While the pavement management information is useful, interpreting it is difficult. With the advent of GIS software, road maintenance can go visual. Early links between GIS and pavement management programs aimed solely to map the data, which is certainly very useful as it is so often the case though, GIS ends up being capable of much more.
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1. INTRODUCTION

1.1. Background

     Road network is considered as the most common system for inland transportation. Road network have established and linked in many countries. Road network satisfies the needs of travel demand from origin to destination using inland transportation network. Road network is an important aspect for general economic development, which contributes for trade development and economic activity of an area. Robinson (1998) mentioned that road network have an asset value that represents significant proportion of national wealth. Road condition in an area is one indicator that can be used to measure social and economic level of the area, as good road network in an urban area is essential for economic activities and the development of a city. Provision of sufficient maintenance cost for physical infrastructure will give a significant benefit on road transport operations. Typically, $1 of expenditure on maintenance will result in $3 of saving to road users (Heggie 1995).

     One important factor to improve the quality of road service is to maintain road network always in a good condition. This can be achieved by performing a good maintenance strategy for the existing road network. One of the most critical factors at infrastructure sector in developing countries is inadequate road maintenance. In Indonesia, some cities have quite large road network coverage but have a low quality. For example, in Jawa Barat Province, 12 percent of 2,417 km of roads are in a poor condition. The coordination between Central and Local Government in providing funds for road maintenance is essential (Tamin 2004). Moreover, for many countries, management of the road maintenance seems to be more difficult compared to the road construction. (World Bank 1988; Schliesser and Bull 1993) 

     To perform road network maintenance, it is necessary to have enough information about existing condition and location of the road network. The road network can be defined spatially using grid co-ordinates. Spatial referencing is particularly appropriate for certain planning activities or for storing map-based information relevant to the network. Geographic Information System generates map-based graphics by linking spatial referencing and attributing grid co-ordinate to the road segment. Management of information about the road is very important in the assessing the pavement condition. All decisions in maintenance of pavement rely on appropriate and up-to-date information about the road pavement network (Robinson, Danielson et al. 1998).

     Geographic Information System can provide an excellent spatial query and analysis capability. GIS can quickly pick out the areas that need to be repaired and pass them to the pavement management program. Without GIS, each street segment would have to have an attribute for redevelopment, transit routes, planning study areas and any other geographic descriptors (Waite and Rocco 1998).

1.2. Statement of the Problem

     Under the constraints of road maintenance resources, there is the need to manage these resources to be used effectively. This raises the urgent need of a management tool to assist the decision maker in setting out maintenance priorities and maintenance type in order to get good effect of maintenance. 

     Road maintenance management systems have a typical structure and logic i.e. to establish a road network inventory, to assess road condition objectively, to determine optimum strategies for maintenance work to provide the desired level-of-service, and finally to prioritize the candidate maintenance projects based on either economy, traffic level or road hierarchy. However, a maintenance management system for a city is unique in such factors as network inventory, and classification of road defects. One has to consider the characteristics of the city and the existing maintenance system if they want to establish a road maintenance management system. It needs a methodology for the selection of appropriate treatment and priority assessment for candidate projects.     

1.3. Research Objective

The main objective of the study is to develop a methodology for road maintenance management for urban roads. More specific objectives are specified as follows 1) to review road maintenance management in general, 2) to explore the methods in managing the database of road attributes, and 3) to determine a system for road maintenance activities in order to maximize the use of maintenance budget.

2. LITERATURE REVIEW

2.1. Introduction
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	Figure 1 Bina Marga Technical Criteria Program


     A project is an activity with a particular objective to be achieved within a limited period. The project involves the following stages: feasibility study, pre-design and design, construction and maintenance. Recently in Bandung, however, road maintenance has been carried out under project packages.

     Indonesia’s Highway Department, in this study will be only mentioned as Bina Marga, has previously defined road maintenance as an activity applied to those road links having a stable condition (i.e. with deterioration less than 5 percent of the road length) in order to preserve an acceptable level of serviceability (Bina Marga 1981). They are classified into maintenance, rehabilitation and improvement.

     Maintenance is an activity that is conducted on a stable road, on a routine basis, with the aim at ensuring that the pavement will deteriorate at the expected rate over the projected life. Rehabilitation is a periodic activity at intervals of several years which is conducted as required on a stable road where it is realized that the pavement is deteriorating more rapidly than anticipated, leading to a reduction in the expected design life. Improvement is a periodic activity conducted on an unstable road with aim of restoring the pavement structural capacity to an acceptable level so as to carry traffic over an extended design life. 

2.2. Road Maintenance Management

     In 1975 a maintenance management was introduced in highway engineering to plan an efficient annual road maintenance program (Haas and Hudson 1978). A maintenance management is a technique or operational methodology for managing or directing and controlling maintenance resource for optimum benefit. A Maintenance Management Systems, in terms of main objects, can be broken down into four primary components, namely (Paterson 1986):

1. Network database, containing inventory data on the link length, composition and location of segments in the network, data on the traffic volume and composition, loading and trends of traffic, data on roughness as well as other distress on all elements of each link.

2. An analytical and forecasting method, which identifies homogenous segments in each link from the database and evaluates one or more maintenance strategies, forecasting the trends of condition and the benefit-cost stream for each segment over the selected analysis period. 

3. A decision method, which reflects current policy through intervention criteria, discount rate and budget allocating and thus identifies the criteria for selecting strategy, ranking competing projects, refining a budget, preparing a program of works.

4. Reporting and feedback mechanism, which present information on the current state of the network, maintenance needs, the work program, the budget allocation and forecast impact of the program.

     Robinson (1998) pointed out that road maintenance management involves the following major components:

1. An inventory of the physical element of the system that can be maintained plus the physical, operational and environmental factors that can influence the amount of maintenance work generated.

2. Performance standards that define maintenance procedures, resources in terms of labor, equipment and materials, and the average accomplishment of the production rate expected from the standard.

3. Prediction of the workload generated in terms of accomplishment units, by a physical element of the highway, which is a pavement of a given design subjected to specific traffic loadings.

4. Allocation of available resources through objective budgeting mechanism based on the specific requirements of the system and policy decisions related to quality or level of maintenance desired.

5. Feedback to monitor and update the system.

6. Planning and scheduling procedures directed toward efficient use of resource.

     The traditional road maintenance system implies that a maintenance engineer needs to assess the condition of roads and choose a suitable economical treatment required for a specified section of road. While this approach may be reasonable to maintain the road condition as expected and is economically sound for a particular road maintenance project, this does not necessarily mean economical in terms of network considerations. A project may be economical but it could prevent and delay other section projects due to budget constraint. If the budget can be spread over more sections of roads within the network, it may give lower total transportation costs. In assessing overall condition of a network, a huge amount of data is required for processing and analysis. To deal with these, computers and geographic information system have been utilized to support maintenance management in a number of countries.

2.3. Road Network Inventory

     Prior to assessment of road condition, the location of all sections in the network have to be referenced. This is required for coordination between surveyor, maintenance engineer, and maintenance team. Basic information required are network identification, the geometry and types of both pavement and support facilities within the right of way, and other features such as traffic signs, road marking, etc.

     Network identification is a process of dividing the network into manageable sections for easy inspection and determination of maintenance needs. Each section is then given a unique number or code. So, a road section may have a code indicating “link no., node no., and section no.”. The road name may be stated separately following the road section code. A pavement section should be uniform in structural composition, construction, maintenance and improvement history, functional classification, and traffic condition. The boundaries of a road section may be identified by KM-post, existing physical features like rivers or bridges, or intersections. For urban roads, sections could cover a full length of a street.

     The road network can, alternatively, be defined spatially using grid co-ordinates. Spatial referencing is particularly appropriate for certain route planning activities or for storing map-based information relevant to the network. Linear and spatial referencing system can be combined by attributing grid co-ordinates to sections. Doing this enables map-based graphic to be produced, or for links to be made to geographic information systems (GIS) (Robinson, Danielson et al. 1998). For the pavement, the length of a road section, pavement width, type and depth of construction, and road class are recorded. For the support facilities, curb, gutter, median, side ditch, sidewalk, and shoulder are also recorded. The road network inventory is normally set up once but subsequent changes may be made after new construction or improvement has been carried out.

     There are two different approaches to defining road lengths for maintenance purposes. The first is to have relatively short fixed sections that are always inspected and treated as an entity. The second is to define sections to be as long as physical consistency requirement will allow but then to allow works to be carried out on any length within these sections depending on the precise location of the defects, this is known as dynamic segmentation. The advantage of the first approach is that it is easy to administer and that supporting management information systems required are simple and easy to design. The disadvantage is that treatments will not always be applied in the most cost-effective way because the length over which they are applied in a particular location will always be fixed. The second approach overcomes this problem but at the expense of the system being more difficult to administer and the software required being more complicated, such as ArcGIS.

     Referencing a network is a surprisingly time-consuming activity if it is done systematically and in an unambiguous way but good referencing pays dividends, and should be seen as providing the basis for all subsequent planning and management activities (Deighton and Blake 1994).

2.4. Road Deterioration

     Normal methods of maintenance assessment involve condition surveys being carried out in one year which are used as the basis of maintenance treatments to be applied in the following year. The quality of decision making could clearly be improved by projecting pavement condition forward one year from the time of assessment so the that decisions on treatments could be based on road conditions expected to pertain at the time the treatment is carried out. Prediction on road deterioration is required since the knowledge is needed of pavement conditions in the future, with and without maintenance treatment (Robinson, Danielson et al. 1998).

2.5. Maintenance Strategy Selection
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	Figure 2 Bina Marga Maintenance Strategy


     The strategy selection is a reflection of policy established by both the government and highway department. Firstly, it is necessary to define maintenance level of service (MLOS), defined as a threshold condition at which prompt implementation of an improvement activity is considered necessary in order to provide an acceptable serviceability level. MLOS should be determined by economic considerations. However in practice each road classification has a predetermined MLOS, for example, the MLOS of primary road is when PSI reaches 2.5, while for the secondary road it is 2.0. A high MLOS provides a better serviceability to the users and should result in reduced total transportation cost.

     After defining MLOS, maintenance treatments need to be assigned. Maintenance treatment required is selected on the basis of the road section condition. Bina Marga has developed the maintenance strategy based on road condition, road steadiness, and road maintenance (Bina Marga 2003). The maintenance strategy is shown at Figure 2.

2.6. Priority Listing

     Projects candidate can be selected according to the impact of the network to the community. Projects with larger impacts are the first to be proposed for implementation. A project alternative with essential benefit may not be selected because it is less attractive in the network. Some impact factors may also be taken into consideration during the selection. For example, committed maintenance projects must be included together with other candidate projects resulting from the selection. A committed project here means that the project has been carried from previous year’s program or the project is a part of road link improvement. Another approach is for budget applications to be based on a rational assessment of economic needs that relates to the objectives specified in the policy framework. 

3. PROPOSED SYSTEM FOR MAINTENANCE MANAGEMENT IN BANDUNG

3.1. Background

     Maintenance management involves the development, under budget constraints, of a multi-year works and expenditure program in which those sections of the network are likely to require treatment are identified and selected. The physical road network is likely to be considered on sections which are characterized by physical attributes. The management activity produces an estimate of expenditure for different treatment types and for different years for each road section. Budgets are typically constrained and optimization is the key aspect to find option with the best value-for-money in such a case. 

     The objectives and goals of road maintenance in Indonesia are stability, growth and equity (Karyawan 1988). Specifically, these are translated for highways into a plan of operations. For Bina Marga, this takes place every five years in consultation with the planning agency. The existing road maintenance in Bandung is mainly based on the reports from the community. There are neither fixed indicators nor a road database for the whole road condition in the network. Maintenance is directed at complaints and reports of roads condition are measured by visible condition, i.e. unacceptable damage to the surface of a road. There are no appropriate measurements applied for functional and structural conditions. It would be a great benefit to apply a road maintenance management in Bandung. Applying a spatial model that include the location data about the existing defects of road network, severity of these defects, average daily traffic, can help in predicting the service life of a road segment.

3.2. Maintenance Management Methodology

     In developing proposed road maintenance management, a methodology has been structured to give instruction about the proposed steps that should be taken. This methodology explains analysis that should to be done. This analysis refers to structural condition, functional condition, and traffic condition. The analyses are not only for the current condition but also for the prediction period. The prediction period is taken for each 5 years because the maintenance management normally is arranged each 5 years (Haas, Hudson et al. 1994). The proposed methodology is shown in Figure 4.

3.3. Conceptual Model for Road Database 

     The conceptual model is a concise description of the data requirement of the user. It includes a detailed description of data types, relationships and constraints and is independent of any data management technology because these concepts do not include any implementing details. The motivation is to separate the concepts of the application from the implementation details (Shekhar and Chawla 2003). This approach provides access to specify the properties of data without considering storage details. As a result, it is easier to come up with a good conceptual database design.

3.3.1. Enterprise Rules

     The entities for road database should be identified and organized in order to represent in an entity relationship (E-R) diagram. For that, relationships between these entities and cardinality constraints between relationships should be identified. First, the enterprise rules for the E-R diagram should be explained. 

Enterprise rules for E-R diagram:

· Section and Distress

A Section may have one or many Distresses
Distress may happen at one or many Sections
· Distress and Maintenance

Distress must be fixed by one or many Maintenance Activities
Maintenance must fix one or many Distresses
3.3.2. Entity Relationship Diagram

     The Entity-Relationship (ER) model was originally proposed as a way to unify the network and relational database views. Simply stated the ER model is a conceptual data model that views the real world as entities and relationships. A basic component of the model is the Entity-Relationship diagram which is used to visually represent data objects. 
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	Figure 3 Normalized ER Diagram


     The ER model views the real world as a construct of entities and association between entities. This database stores the data about three entities. They are Section, Distress, and Maintenance. Attributes describe the entity of which they are associated. The basic attributes (skeleton table) of each entity is defined below:

Section: Section_ID, Width, Length, Pavement_type, Location, Class

Distress: Distress_ID, Distress_type, Description

Maintenance: Maintenance_ID, Unit_cost

Section_Distress: Section_ID, Distress_ID, Year_Condition

Distress_Maintenance: Distress_ID, Maintenance_ID, Year_Maintained
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Source: Maizir (2005)

	Figure 4 Methodology of Proposed Road Maintenance Management


3.3.3. Linear Referencing

     The linear referencing is crucial in defining the location of the road and its appurtenances, together with its alignment and geometry. Linear referencing breaks the networks into successive smaller links, segments and sections, which can be defined uniquely. To be able to integrate all the network data spatially with GIS, it is appropriate to define these definitions for network data terms (Robinson, Danielson et al. 1998):

· Route: a length of road between an origin and a destination

· Link: a length of road that is uniform in terms of the traffic volume that it carries

· Segment: a length of road that is uniform in terms of its geometric characteristics

· Section: a length of road that is uniform in terms of its physical characteristic; sections are normally the basic unit of a road network for road management purposes

· Sub-section: a subdivision of a section used for more detailed analysis of condition

     It is necessary to match the logical definition of the network with the physical referencing. Most road administrators have a scheme for identifying their road networks by section and subsection (Haas and Hudson 1978). A road maintenance project might cover several such sections. Each section needs to be identified physically on the ground to enable maintenance engineers to identify the location. Sections and sub-sections are the most appropriate network data to be associated with pavement condition data (Hassab-ala 2001). The rationale used to designate sections can vary widely, including changes in subgrade soil type, changes in traffic volume, changes in surface type, changes in geometric characteristic, and so on (Haas, Hudson et al. 1994). This can be achieved by dividing the road network into section and sub-section supported by GIS software in the form of dynamic segmentation.

     Dynamic segmentation is defining section to be as long as the physical consistency requirement will allow. Normally GIS software can divide any linear feature by its intersecting linear future which might cause the same problem that is caused by fixed length approach if dynamic segmentation was not taken into consideration when building the spatial data model. 
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	Figure 5 Different Approaches for Dividing Road Network into Sections and Sub-sections


     In defining road segments for maintenance, there are many differences between the fixed length method and the dynamic segmentation method. Defining sections into a fixed length does not guarantee that treatments will be applied in the most cost-effective way because the length over which they are applied in particular location will always be fixed. Defining fixed length also will be insensitive to changes in attributes, which can result in significant data redundancy. Using dynamic segmentation to model the pavement distress and evaluation data gives advantages in avoiding redundancy of distress data, ensuring consistency of data, and giving more freedom to the maintenance engineer to define his sub-section without being restricted to fixed length.

     GIS was used in managing the collected survey data to gain a better representation of the road network condition. In defining section on a digital map, the ArcInfo spatial data model is used. The digital map needs to be converted into ArcInfo data format (line coverage). Line coverage normally are represented by what is called the arc-node data model and are stored at a section table (SEC), which is made up of set of arc elements with nodes at each end. Using the arc-node data model can lead to redundancy in distress data so that dynamic segmentation spatial data model has been introduced. Dynamic segmentation models model linear features with routes. Routes are groups of arcs that have the same features; in this case routes have been used to define pavement sections that consist of several arcs. 
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	Source: Adopted from Bosch (2004)

	Figure 6 Managing Pavement Data into GIS


     Sections are defined in a table called route attribute table (RAT). In dividing each section into its sub-section, ArcInfo event theme is used, where each sub-section can be defined by its starting and ending points along its section. Yet sub-sections are ready to be linked to its attribute data. 

3.3.4. Traffic Condition Analysis 

     Priority for road maintenance is not only based on pavement condition but also traffic condition. Traffic condition data used in road maintenance management are annual average daily traffic (AADT), cumulative equivalent single axle load (CESAL), and traffic growth. The estimation value of annual average daily traffic is normally obtained by recording actual traffic flows over a specific shorter period than a year, and results are scaled to give an estimate of AADT. The AADT is used to prioritize the maintenance. The higher the traffic is more maintenance priority goes to the segment. 

     The deterioration of pavement caused by traffic results from both the magnitude of the individual axle loads and the number of times that these loads are applied. The axle load distribution of a typical sample of vehicles using a road must be measured. The axle loads can be converted using standard factors to determine the damaging power of different types of vehicle. This damaging power is termed the vehicle’s equivalence factor (EF) and the design lives of pavements are express in terms of equivalent standard axle (ESA) that they designed to carry. 

     The traffic growth factor is used to calculate the remaining service life of the segment. It used to calculate the growth of the traffic for certain period. Estimation must be made about how this traffic will grow in the future. Forecasting growth reliably is notoriously difficult, especially when considering the many variables in estimation, such as land use changes and household income (Croney 1972). 

3.3.5. Functional Condition Analysis

     Functional condition is calculated based on the roughness data measured by NAASRA Roughness equipment (NAASRA 1978). Functional condition calculation includes the international roughness index (IRI), condition index, and present serviceability index (PSI). IRI value is calculated from the data measured by NAASRA roughness equipment (annual roughness survey using the Australian NAASRA Car Roughness Meter provides roughness data for every kilometer of the network). The condition index value is calculated from the data of Bump Integrator. If the road roughness is measured by Bump Integrator which the result is defined as irregularity index (R) in inch/mile, the index from measurement result can be correlated into PSI. The PSI value describes the functional condition of the segment.

3.3.6. Structural Condition Analysis

     Structural condition is calculated based on the deflection data measured by Benkelman Beam equipment (DPU 1983). Structural condition calculation includes representative deflection, remaining service life, and thickness required of the overlay layer. Representative deflection is calculated based on representative rebound deflection. In analyzing the remaining service life of road pavement, Bina Marga has established a relationship among traffic growth factor, traffic load and design service life. For structural condition prediction of the segment, CESAL value for the prediction needs to be calculated before deflection prediction is calculated. CESAL can be calculated using the traffic growth factor. 

3.4. Economic Consideration for Road Maintenance Planning

3.4.1. Maintenance Cost Calculation

     Calculation of maintenance costs are based on the unit cost of each maintenance activity issued by the Bina Marga for each year. Each type of maintenance activity has its unit cost, such as for patching (Rp/m2), resealing (Rp/m2), overlay (Rp/m2), pavement reconstruction (Rp/m2), and for basic routine maintenance (Rp/km/year). The total cost is the summation result of calculation between the area of distress and the unit cost of required maintenance. 

3.4.2. Excessive Maintenance Cost
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Source: Haas (1994)

	Figure 7 Excessive Maintenance Cost


     A final important aspect of economy is the concept of excessive maintenance cost. It is possible to extend the life of a severely distressed pavement by providing extensive, heavy maintenance (Haas, Hudson et al. 1994). It can happen for a major road that is suffering damage but available funds are inadequate for rehabilitation. Figure 7 illustrates such a concept where a pavement is very near its unacceptable level but remains slightly above it because the amount of maintenance is expended. This is shown by an accumulative maintenance curve plotted in the same figure. Thus, a pavement might be considered to be ‘failed’ when it reaches an unacceptable level of serviceability or when the cost of maintenance becomes excessively high. When it becomes impossible to maintain the adequately for the formula funds then a detailed evaluation should be performed, such as reconstruction.

     Timing also plays an important role in road maintenance planning. Aspects of economics require that there is good coordination between the various types of maintenance. Thus, for example, if a pavement indicates inadequate skid resistance and a skid resistant seal coat seems warranted, it should not be applied until a structural evaluation determines that a structural overlay is not also required. Without this coordination, the seal coat might be applied one year, and then a major reconstruction or overlay required the next year would completely destroy the value of the prior seal coat.

3.4.3. Benefit Maximization

     The benefit maximization is used to calculate the optimum timing of each road maintenance project, using maximum benefits as the criterion (OECD 1978). A list of optimum maintenance times for all projects is determined and these, together with the associated costs, are then compared with the budgets available. A linear programming model can be used to rearrange the timing of projects so that the total benefit loss (from the optimum maintenance timing) is minimized, subject to budget constraint.

     The procedure for calculation is started with calculating the cost of a maintenance treatment for each possible year of implementation. Similarly, the benefits gathering from the maintenance are calculated for each possible year of implementation. The linear programming model calculates the timing of maintenances to apply it at their maximum benefit year and shows the total costs for each year over the time period. Total expected budget also need to be known so it will be identified whether the total costs of maintenances exceed the available budget or there are not enough maintenances to exhaust the budget.

     The linear program rearranges the timing of the maintenances and produces an output as maintenance plan that is within the budget constraint for each year but minimizes the total benefit loss. The operation of the linear programming model is shown at Figure 8. Since the actual budget may vary from the expected one, annual updating of available budget is required.
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	Source: Adopted from Haas (1994)

	Figure 8 Schematic for Arranging Optimum Investment Times for Maintenances


3.5. Decision Process in Road Maintenance

     The results in maintenance recommendation need to be prioritized because of limited budget. The maximization of maintenance budget usage could be achieved if the road administrator selects the correct segments to maintain. Prioritizations of maintenance activities can be seen as giving priority in ranking to the different segments, subject to number criteria such as segment condition, cost and benefit analysis, and political reasons.  Analytical Hierarchy Process (AHP) method could be used to support the decision maker to make prioritization on the segments in this multicriteria problem (Yoon and Hwang 1995).

     The road administrator has the overall responsibility for determining the maintenance program according to the priorities established and within the available budget. Performance standards are taken into account in establishing the maintenance program. Standards for the system are also established and controlled at this stage, based on studies of the cost and benefit involved.
4. ROAD MAINTENANCE PRIORITIZATION
4.1. Existing Prioritization 

The highway survey teams recorded the road condition in the field, such as severity of the distress, and size of the defect area. Analysis of the maintenance need for each road and calculation the maintenance cost are performed based on this record. Prioritization of road maintenance is done based on its importance and it produces a proposed maintenance plan and maintenance budget (Figure 10). Because of limitation of the budget, maintenance for less priority roads is deferred for the following year. The deferred roads will get routine maintenance and be resurveyed to be put in the list based on its following-year-condition.
4.2. Proposed Prioritization 

To improve the existing prioritization model, this study proposed a new prioritization. The new prioritization improves the existing condition because the improved model establishes the relationship among the affecting factors and add more affecting factor into model. It is taken to accommodate the discussion between Bina Marga and development planning agency. The new prioritization model is to improve the existing prioritization method applied in Bandung Road Maintenance System as well as the GIS based methodology (Figure 4).
The relationships between the affecting factors are established by develop a so-called “criteria tree”, which considers all the relevant factors and groups them into sets of comparable criteria that are forming a specific priority for the roads.
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	Figure 9 Criteria Tree for Developing the Road Priority
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	Figure 10 Road Condition with Priority Number (Existing Prioritization)
	Figure 11 The proposed Road Maintenance in Bandung


Based on the preferences of the stakeholders, four multicriteria analyses are produced. The multicriteria analyses are based on the weight of Bina Marga preferences, weights of planning agency, weights of highway experts, and average weight of stakeholders’ preferences. The output of each multicriteria analysis is plotted in the graph as shown in Figure 11. The figure shows the ranks from each analysis using the preferences of stakeholders. The result of the analyses of using weight preferences of Bina Marga, planning agency, highway experts, and stakeholders’ preferences were represented in analysis 1, 2, 3, and 4, respectively.

5. CONCLUSION AND RECOMMENDATION

5.1. Conclusions 

1. By briefly examining several common methodologies for urban road maintenance system, it is apparent that the system components are almost similar. The main components of general methodology for road maintenance are an inventory of physical elements of the road network, performance standards that define maintenance procedures, prediction of the maintenance accomplishment, allocation of the available resources through budgeting mechanism, and feedback reports to monitor and update the system.

2. GIS provides a convenient mechanism for managing road attributes data. Road attributes can be managed by applied spatial database management. In designing road database, Entity-Relationship (E-R) model can be used to develop conceptual data modeling. In ER model, road network is partitioned into entities, which are characterized by attributes and interrelated via relationships.

3. Implementation of GIS database can make the data more manageable. The dynamic segmentation, which is a GIS database technique for linear referencing, provides some advantages such as avoiding data redundancy for distress data, ensuring data consistency and providing flexibility to define appropriate road sub-sections length. In application, GIS database can be used to support evaluation for road administrator to be aware of locations of each pavement distress.

4. Considering some limitations of the existing road maintenance management, this study has developed a methodology for identifying the most economical maintenance activities and selecting the optimal segment locations. The proposed methodology consists of road inventory, data collection (for structural condition, functional condition and traffic condition), data processing, analysis and recommendation, a model to predict the future road condition, and a model for prioritizing the segments.

5.2. Recommendations

1. Gradual implementation of road maintenance management is desirable, i.e. not drastically changing the existing maintenance system. While implementing, the use of feedback can make some improvements in new maintenance management and the training of maintenance staffs are also required to improve the implementation of the new system. 

2. For adjusting the annual road maintenance budget, a linear programming is required to calculate the optimum timing of each road maintenance project, using maximum benefits as the criterion. Seeking the optimized selection of segments, in terms of maximization of net present value subject to a given budget constraint, minimization of cost to road administration and road user or maximization road condition over time subject to a given budget constraint, is known as multiple objective decision making. 
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