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ABSTRACT
The national road network of Croatia is well defined and lots of information has been collected in the previous years. A road data base has been established to store all information available about road inventory, pavement condition, traffic and historic data. Consequently the road agency is using this great pool of information for optimizing the management and rehabilitation procedures of the network.
In order to do so a holistic, life-cycle based pavement management system (PMS) has been implemented. The process of the implementation consists of several steps, beginning with the description of the current condition. One of the essential questions thereby is the definition of a combined condition index, which furthermore could be used for calculating strategy-benefits and assess the different treatment options within cost-efficiency analysis.
The paper wants to highlight the steps to be taken to implement a holistic, future oriented PMS and some of the specific questions and problems arising. This process starts with the definition of condition indices and includes the condition prognoses process and pavement performance prediction models as well as the definition and effects of treatments. 
Finally, the results of the analysis will show the maintenance effects which could be gained with different budget restraints. They could be visualized in form of tables, graphs and maps to easily assess the condition development as well as monetary and non-monetary effects of the selected maintenance strategies.  

Introduction
Once a road or bridge has been built it keeps you engaged with maintenance and rehabilitation as long as the asset is in use and under traffic. Thereby Road Safety is one of the major requests of the administration. On the one hand a good and safe road condition should be provided at all times, on the other hand budgetary funds are restricted and frequently insufficient. With the help of a holistic, life-cycle based asset (pavement) management system it is possible to predict and visualise the consequences of different budgets restraints on the network and its condition. Furthermore it enables the administration to consider the life-cycle of an asset and decide due to the generated benefit, costs and condition development on a certain maintenance strategy. 
The Croatian Roads Ltd., the national road administration, took the decision to increase the revenue of their existing Road Data Base and integrate the available information within an Asset Management System. The application is developed for the national road network but an enhancement on including bridge or tunnel maintenance is a future option. The advantage of various assets within one management tool obviously lies in the possibility of performing one analysis for all assets and generating multi asset optimizations.
As for now the road information has been evaluated, complimented and builds the basis for the described pavement management system and the results shown below.

Croatian National ROAD Network
The Croatian public road network sums up to a total length of more than 28,500 km, consisting of highways (1,300 km), national roads (7,000 km) as well as county and local roads (20,000 km). Croatian Roads Ltd. are in charge of operating and maintaining the entire national road network within the different regions of Croatia as well as new construction work as it is required. The diversity of the regions leads to a variety of construction types and condition, as well as a wide spread traffic load distribution, which finally results in different maintenance treatments and strategies.
An overview of the network; size and layout is given in Table 1.

Table 1: Croatian National Road Network 
	National Road Network

	Length
	  6,800 km two-lane roads

	
	  100 km four-lane roads

	Pavement
	  100% asphalt pavement

	Traffic
	  average AADT 3,700 vehicles/day

	
	  average heavy vehicles 11%

	Referencing method
	  kilometre post method




Implementation of the Pavement Management System
General
Croatian Roads Ltd. took the decisions to increase the revenue of their existing road data. The information currently stored within the national road data base has been directly included in the setup of the pavement management system and builds the foundation of the development process. This bears the advantage of tying in with the existing condition analysis but enhancing its possibilities. On the topic of road condition; starting with combined performance indicators, visualization of the network condition as well as performance prediction of individual technical parameters and combined indices. 

Road Data Base
Condition surveys have been conducted over the last years, developing a great pool of viable information. Since 2002 the national Road Data Base (in form of an oracle database) has been established, which is designed to include all relevant data of the network. 
It is well stocked especially with inventory and traffic data. Furthermore for a great share of the network also pavement construction information as well as maintenance history data is provided. Condition data from machine survey is stored for roughness, rutting and macro-texture. Visual condition survey provides surface information on cracking and surface defects. Developing the PMS it has been avoided to change the structure of the road data base, but emphasised on including all relevant aspects already existant.

Condition assessment 
The pavement condition assessment is directly linked to the general performance requirements on the road network. The main preservation objectives are the assurance of a safe and reliable road condition. This sets requirements to the road safety, to the comfort of the road and to the structural condition of the road. With the help of a pavement management system it is possible to generate Index Values for all three requirements and keep them in a defined range.
On the Croatian national road network a great data pool of individually surveyed condition data is available. Data on roughness, rutting and micro-texture are measured by laser profilometer on yearly basis and data on cracking and surface defects are collected by visual inspection every two years. Collecting of all data are performed by Croatian Roads stuff and stored in road data base as the representative values for 100-meters segments.
This can be perfectly used for individual section analysis, but does not allow judgement of the network at one glance. The first step was taken to transform the individual condition parameters to indices ranking from 0 (perfect condition) to 5 (very bad condition). These parameters can be further merged assessing the section (or the total network) in respect to safety, comfort and structural condition. From those three parameters a Global Performance Index is derived, which takes into account all requirements on the road, coming from the road user as well as from the administration. It is calculated as weighted enhanced maximum criteria of safety index, comfort index and structural index. The assessment of the single performance indices as well as the combined performance indices was developed referring to the outcome of COST 354 (2008). The respective weighting and combination process has been adjusted and adapted to the Croatian experience. The flowchart of the process is shown in Figure 1. 

[image: ]
Figure 1: Flowchart of calculation combined indices 

The calculation of the combined condition indices as shown above is applied on all national roads and allows a simple and in respect to safety, comfort and structural issues a significant rating of the total network. The current condition distribution of the Combined Index Safety as well as the Index General is shown in Figure 2. More than 50 per cent of the network show good condition concerning safety, only one sixth relates to class poor or very poor. For the Index Safety and also the Index General the share of class very good as well as very bad is quite small. The Index General also includes comfort and structural values and has a slightly worse tendency. About half of the network refers to class very good, good or fair, the other half to class poor or very poor. 

[image: ][image: ]
Figure 2: Condition Distribution of Safety Index and Index General

With the method shown above, the current condition of this network can be described properly. Modern pavement management systems take one step ahead. As they are including the life-cycle of an asset, also condition development over time is of major relevance.
Condition performance prediction 
The deterioration of the pavement condition over time is a critical variable for assessing maintenance treatments and strategies within a pavement management system. Condition performance prediction aims at defining the certain period when the condition reaches a critical value and a treatment should be set. 
The available data pool bares the advantage of generating specific pavement deterioration curves for the Croatian infrastructure. To verify the developed performance curves they have been compared to existing models from other European countries.
The process of generating condition development curves is shown exemplary for the condition parameter representing the longitudinal evenness. The technical parameter IRI (international roughness index) [m/km] has been surveyed over the last years. Based on this data the yearly increase of IRI in relation to the initial value (subdivided into seven classes) has been evaluated (Figure 3). The correlation can be shown either for the arithmetic average (MW) or for the median of each class (delta value according to the IRI separating the higher half of the class from the lower half). The second approach seems more appropriate because as the values are not normally distributed; so the influence of individual high values could be avoided.

[image: ]
Figure 3: Correlation IRI and yearly increase

Both models have been displayed in correlation to the Austrian performance development curve for IRI (Weninger-Vycudil, 2001). As shown in Figure 4 the model referring to the median yearly increase is similar and only slightly stronger than the Austrian model. It was further integrated in the Croatian PMS. 

[image: ]
Figure 4: Comparison of IRI models

Treatment options
Assets deteriorate over time and reaching a certain condition it is reasonable to set a treatment to improve the surface condition and/or the structure of the pavement of a section. Within the pavement management system treatments are associated with three major components:
· Treatment costs (usually square-meter costs for each treatment type)
· Treatment triggers (required condition for applying the treatment, refers either to single or combined performance indices)
· Treatment resets (impact of the treatment, reset of the technical parameters due to the treatment done)

As commonly used also the Croatian attempt includes three different maintenance treatments. These are full reconstruction, replacement of asphalt layers or solely surface treatments. This is further enhanced by two routine treatments.
In addition to those conventional treatments the application considers some specific enhancements:
· Frost resistance available for full reconstruction: in case the frost resistance is given (stone subgrade or already enough frost resistant material on the section), this treatment is degradated to pavement strengthening
· Widening for treatment full reconstruction: on longer sections with a width of 6.4 m or less in the course of a full reconstruction or a pavement strengthening also widening of the section will be conducted
· Minor treatments: such as heavy patching and milling are used for postponing heavier treatments and still assuring a secure pavement condition. With this attempt they are implemented in the application and administrated with their own budget pot.

PMS-Analysis and Results
Comparing different possibilities of asset management the approach of a holistic life-cycle-(cost)-analysis has been chosen. The application is based on the information of the Road Data Base as well as the corresponding deterministic performance prediction models. For the analysis itself several steps have been performed (partly in detail explained above):
· Implement current condition, inventory and traffic data (based on Road Data Base)
· Definition of condition deterioration curves as well as treatments (including triggers, cost and reset values)
· According to the treatment properties generation of all available treatment options for each section analysed
· Optimization of the results according to the budgetary restraints
· Reporting of the results

The setup has been realized using the Canadian Asset Management software dTIMSTM. With its flexible structure it enables the use of individual settings according to the assets used, the condition parameters and its development, the treatments, budget constraints, etc. 
To give an overview on the network-level results two types of graphs are selected below. In Figure 5 three budget scenarios are compared with their effect on the global performance index (Index General) over the analysis period. The low budget scenario is displayed in light blue, the medium in blue and the high budget scenario in violet. A great share of the first year’s budget is allocated to already committed treatments, from year 2 on the budget keeps constant at its height. 
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Figure 5: Development of the average of Index General

Figure 6 and Figure 7 show the condition distribution a bit more in detail and display the shares of the individual condition classes. The development is strongly dependant on the possible treatments (treatment triggers) as well as the available budget. Therefore the distribution for the low budget is shown as well as for the higher budget. 

[image: ]
Figure 6: Condition distribution for low budget

[image: ]
Figure 7: Condition distribution for higher budget

Conclusion And outlook
The paper shows the major steps which have to be taken developing a holistic pavement management system for the Croatian national road network. Some aspects of special interest have been described more in detail. 
[bookmark: _GoBack]Concluding one can say that this approach implies the advantage of foresightful and reproducible maintenance planning. Under the given precondition and with varying budgetary constraints the condition development of the total network can be visualized. This can be further used for discussing with the management and political level, but as well for supporting the chosen maintenance strategies for their implementation.
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