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1 Introduction 
This introduction is split in a general introduction equal for all reports and a specific one for 
each specific report. 

1.1 General Introduction to the ASCAM reports 
The aim of the ERANET ROAD program “Effective asset management meeting future 
challenges” is to improve the management of the European road network; resulting in an 
improvement of the performance of the network. One of the topics within this program is the 
development of a framework for optimized asset management [ref: Effective asset 
management meeting future challenges, Description of Research Needs (DoRN), version 
3.3, January 2010]. 

 

Maintenance managers on all levels are faced with the same dilemma. On the one hand they 
are given “end-user services levels” (objectives like reliability of traffic time, traffic safety, 
sustainable maintenance program) on the other hand they have their assets, the asset 
condition and a (dynamic) portfolio of measures which can be taken to ascertain the “end-
user service levels”. The dilemma arises through the need for an optimal trade-off between 
budget available and budget needed for ascertaining the service levels. 

 

ASCAM focuses on a framework for optimized asset management. ASCAM will relate asset 
condition prediction to measures and network value (end user service levels). It will create a 
framework to connect existing asset management practices into a holistic, integrated cross 
asset, pro-active approach. It will relate technical to societal issues, like pavement 
degradation or failures in the “dynamic traffic management systems” to end-user service 
levels such as efficient traffic flow, safety, reliability of travel time, noise hindrance or 
environmental issues. It will link micro, meso and macro levels in asset management and the 
aims and objectives on the different levels, linking existing knowledge, tools and practices. 
The framework will enable policy makers, maintenance managers and their specialist to 
communicate on different levels and to overcome the boundaries between fields of 
knowledge. 

 

In this study a proof of concept of the framework is developed in which existing knowledge, 
tools and practices are implemented and linked to end user service levels. 

 

The following approach was followed within this project in order to develop and deliver the 
proof-of-concept of this framework. Five work packages were established. In one (WP5) all 
management and dissemination activities were performed. In three of the remaining four 
work packages (WP2, 3 and 4) an inventory of existing asset management practices in the 
EU was made, divided over asset management type; pavement, structures and road 
equipment. The results were intended and used in the last work packages (WP1) for 
assessing the feasibility and appropriateness of the framework which was developed in this 
work package.  Also in work package 1 a proof-of-concept in the form of a numerical 
implementation was made. With this demonstrator the effects and possibilities of applying the 
framework on asset management was demonstrated. The project lay out is given in the 
figure below.  

 



 

ASCAM-R1 final draft  initiated by 

     

  

 Page 4 of 30 

 

 
 

Reports 

The work done is reported in 5 reports, a power point presentation and demonstrator with a 
user guide. The 5 reports are: 

• Framework principles 
• Inventory Pavement Management practices 
• Inventory Bridge Management practices 
• Inventory Road Equipment Management practices 
• End report ASCAM 

 

The inventories performed in work packages 2, 3 and 4 will deliver a representative view on 
the asset management in Europe including it’s diversity over the different countries. Such an 
inventory is efficient and effective for assessing the feasibility and appropriateness of the 
framework and to deliver the proof-of-concept. They are not intended and do not deliver a full 
comprehensive inventory of these asset management systems. Therefore it is possible that 
NRA’s will miss certain information or systems. 

 

The terminology used in asset management is not consistent over Europe. This is due to the 
diversity in e.g., approach, level of implementation, etc. In our reports no attempt is made to 
identify these discrepancies. This was by no means the purpose of this project. However this 
necessarily compromises the readability of these reports. 

 

In the reports of WP2, 3 and 4 an attempt was made to develop the existing asset 
managements system a step further towards the framework principles, by developing 
relations between asset conditions and EUSL. This is an innovative more creative step, 
which asked for temporarily abandoning conventional definitions of sometimes well 
established concepts as for instance safety. 

 

This report concerns “Framework principles”. 

1.2 Introduction to this report 

1.2.1 Aim of the framework principles 
The aim of the framework is to describe a realistic path between measures and end-user 
service levels, e.g. with respect to traffic flow, safety, comfort etcetera. But also end user 
service levels as to be defined in objective C of the joint research program should be kept in 
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mind. Measures will affect these service levels directly and/or indirectly. For example road 
surface renewal will improve traffic safety. Limitations on traffic loads might prolong an 
objects service time, while guaranteeing a certain safety level. The same measure will 
however directly reduce the service level with respect to the traffic flow. It is the first objective 
of WP1 to define a consistent set of concepts which enables the consistent and practical 
description of the effect of measures on end-user service levels. The second objective of 
WP1 is to enable and demonstrate the coupling of the existing knowledge in the separate 
knowledge fields, covered in WP2, WP3 and WP4, to the framework. This has been done 
with the input and help of those work packages. 

1.2.2 Approach of this work package 
At the beginning of the project the document “ASCAM Modelling  Philosophy & Guidelines for 
Data Requirement” was written. This document describes the ASCAM philosophy of cross 
asset management and indicates the type of information that is required to build the proof of 
concept framework. 

 

With the input gathered in the other work packages a demonstrator of the framework is 
developed in EXCEL. It is used to demonstrate the concept and show the possibilities and 
barriers to implement it in asset management practices. To build the demonstrator, 
information, relations and cost estimates from different countries are combined. The 
demonstrator is meant show the feasibility of the principal. The results do not represent 
realistic cases. Conclusions related to the results of the calculations in this report cannot be 
drawn. 

1.2.3 Guide to the report 
In this report in chapter 2 the principles of the framework are described. Chapter 3 is about 
the demonstrator. Conclusions are drawn in chapter 4. 
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2 Description of the framework 
In this chapter the framework as envisaged by ASCAM is described. First the principles are 
elucidated and next the constituting components are described. The framework itself is of an 
abstract level. The principles of the framework are implemented in an ASCAM demonstrator 
for a hypothetical information set. The demonstrator is a “spread sheet” based calculation 
tool. It is meant to be the “proof of principle” and is described in the next chapter. It is used in 
the ASCAM project to assess the appropriateness of the framework and to illustrate the 
description of the framework in this chapter. The framework description together with the 
demo will demonstrate the ASCAM ideas develop in this project. 

The framework is a way of dealing with maintenance planning, in which several mostly 
already existing concepts are used. Such concepts are societal cost benefit models, EUSL, 
asset decomposition, etc. The innovative thing here is that they are defined and related to 
each other in an holistic  cross asset way.  

2.1 Introduction to the framework 
The framework is meant to predict the cost and effect of maintenance strategies for (a 
network of) roads over a time span of years. It is based on predictions of the degradation and 
condition of objects of the assets and on the relationship between their condition and service 
indicators. These service indicators are defined here from a end user perspective (End User 
Service Levels - EUSL). Measures constitute costs and can influence the condition of the 
objects. On the other hand measures are meant to ensure proper operation of the network 
and lower the risks of not meeting the EUSL. By using societal cost benefits models these 
risks are expressed in monetary values and can directly be compared with the costs of 
measures. These are the main parts of the framework. In a final form the framework will 
process actual information from maintenance practice on these parts and will deliver cost 
prediction and risk predictions of the actual network. This practical information is available in 
different forms for different assets and for different NRA’s. Still by applying the framework the 
envisaged outcome can be obtained. It is however necessary to implement NRA specific sets 
of the information on  the constituting parts of the framework. The general concept of the 
framework is pointed out in the proposal for ASCAM. The figure below shows this concept. In 
the description of the framework this general concept can be recognized.  
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2.2 Framework Principles 
Maintenance managers of civil infrastructure networks in many countries are facing a 
comparable challenge. On the one hand they are more and more asked, within certain 
limited budgets, to deliver “end-user services levels”, which are objectives such as reliability 
of traffic time, traffic safety, sustainable maintenance etc.. On the other hand they have a 
dynamic portfolio of measures which mostly affect, and are defined in terms of, the asset 
condition and not in “end-user service levels”. This is the well recognized gap between the 
top-down (managerial) and bottom-up (technical) approach of asset management. This gap  
needs to be closed, since the main goal of modern road infrastructure (roads and bridges) 
asset management is to ensure a continuously high level of satisfaction for end users 
(travelers) whilst spending tax payers’ money wisely.  

To close this gap and to enable maintenance managers to deliver end user service levels, 
they need decision tools based on a framework in which they can quantify effects of their 
maintenance strategy on these EUSL. Such a framework must be based on a number of 
principles. 

First of all the framework must make use of a well defined and dynamic set of EUSLs. Next, 
a functional decomposition of the road network needs to be incorporated. In this 
decomposition a clear understanding and quantification of the ‘technical performances’ (skid 
resistance, water tightness, amount of light) which the constituting components (pavement, 
joints, lighting, etc.) of the road network needs to deliver in order to be able to fulfill the 
EUSLs. Furthermore, it also needs to be quantified how the technical condition of these 
components affect the way they perform. Moreover the effect of maintenance measures on 
their condition need to be quantified and predicted. Cost-optimal maintenance based on 
EUSLs will be based on a proactive approach; not see now and act now, but foresee now 
and act now must be applied. Therefore the principle of condition prediction must be 
incorporated in the framework. The uncertainty in maintenance management is one of the 
reasons that maintenance management is not as straightforward as it seems to be. How 
certain is the condition of the assets assessed? And how certain are we of the effect of 
measures. Therefore cost optimal maintenance planning must allow for the quantification of 
uncertainty in the information on which it is based. Maintenance will then be planned based 
on these uncertainties and not despite them. Finally, to perform cost optimal maintenance, 
the effects on different EUSLs need to be compared. Therefore EUSLs need to be expressed 
in one and the same metric. Societal cost benefits models need to be employed, which 
translate all EUSL into the same metric as the cost; i.e. monetary values. 

These principles on which the framework is based, can be summarized as follows; 

- based on EUSLs 

- based on a network decomposition from a EUSL perspective 

- a decomposition in assets, asset’s components and component’s conditions 

- based on relationships between asset/component conditions and EUSLs 

- pro-active; i.e. using predictive models 

- incorporate uncertainty  

- incorporate societal cost models 

 

The framework is now described in more detail. 
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2.3 The elements of the framework 

2.3.1 Assets in the network 
The ASCAM project is focused on developing a framework to show the costs and 
consequences of a combination of maintenance measures in a certain timeframe. We want 
to express the consequences in service levels for the end user (or stakeholder) and we 
should be able to implement basic maintenance concepts in this framework. The added 
value of the ASCAM project should be the holistic and cross asset approach. Describing 
current practices, a distinction is made between the maintenance approach of the different 
assets in the network. Pavement, constructions and road equipment are often managed 
separately, as if they do not function in the same network. Of course in current practice the 
maintenance of the assets is linked in the overall budget planning. Also in a detailed planning 
of maintenance measures on short term the influence of linking measures in order to 
decrease the amount of hindrance for the road user  will often be assessed. But it is certainly  
not common practice to synchronize and/or integrate the individual asset management 
systems of the three distinguished assets (pavement, construction, equipment). 

2.3.2 Framework delimitation 
First of all there needs to be a delimitation on the network level to which it needs to be 
applied. The principles of the framework are open for application on an entire network level. 
Tooling, etc. developed on the basis of the framework or e.g. the demonstrator which will be 
presented in the next chapter must be delimited. The principles of the framework seem 
applicable if, for the (part of the) network, sensible end user service levels can be established 
and if sensible cross asset maintenance planning is possible.  

2.3.3 Description of the network 
Furthermore in Europe the type of roads which are maintained by NRA are quite different. In 
the western European economies like the Netherlands, Germany, France, etc. a major part 
of the network are highways, with 2, 3 and sometimes even more lanes. In the northern 
European economies, like for instance Sweden, the type of road can possibly be better 
described with trunk roads. Also traffic load, both in terms of the number of vehicles as well 
as their weight, can differ considerably over different networks but also within a network, and 
needs to be accounted for in the framework. In principle, within the existing legislation, truck 
load, which is the most relevant traffic load parameter, is a precondition for maintenance 
management. Of course in special cases a reduction in vehicle load is also a maintenance 
measure. 

In all current maintenance plans a reference period is taken into account over which the 
maintenance is planned. Also when the principles of our framework are applied, such a 
reference period is needed to calculate and compare different maintenance scenarios. 

2.3.4 EUSL 
For road infrastructure different stakeholders exists and the diversity between them is 
relatively large. In Procross/Evita a stakeholder analysis was made, which is depicted below. 
Stakeholders range from drivers, owner, politicians, neighbours, etc. For all these different 
stakeholders different sets of service levels apply, and service levels are appreciated in a 
different way. E.g. noise is not a very important EUSL for a driver, but an important one for 
the neighbours (and the politicians). Maintenance managers at a higher but also lower level, 
are asked to assess the consequences of their maintenance strategy against these very 
different stakeholders. So in principle a framework, such as being developed here, must be 
open to any of the service levels and to the different appreciation of these EUSLs by different 
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stakeholders. The last point can be addressed by allowing different sets of weighing factors, 
representing different stakeholders. 

2.3.5 Description of the environment in which he network acts 
Some end user service levels are not so much related to the road infrastructure as such, but 
to the environment in which they are situated. Noise will be an important EUSL in urban 
areas but not so much in rural. Therefore the framework as such must be able to account for 
different environments. 

2.3.6 Assets decomposition in the considered network 
As stated above in principle asset decomposition, in the spirit of the framework should be a 
functional one. From an analyses of the EUSL all the functions the assets need to perform 
should be derived. 

In practice, today’s maintenance is performed from a technical point of view; based on 
experience from maintenance managers, on information from the design phase, etc.. It is a 
good assumption that the decomposition used in today’s maintenance management and 
which is described in the reports of WP2, WP3 and WP4, is appropriate to be used in the 
framework.  

2.3.7 Condition indicators 
The decomposition of the assets into components is  followed by the allocation of functions 
these components fulfil. What does the component do to help deliver the EUSL? Next the 
framework consists of indicators who describe the conditions of the components and which 
also give an indication of how well they perform their functions. To be proactive, also 
predictive models on the decline (or increase) of these conditions in time is necessary in our 
framework. 

2.3.8 Measures – Maintenance planning 
An important part of the framework is that measures can be incorporated and that their effect 
on the component condition can be quantified. Also their direct and indirect costs must be 
accountable. The framework is open for different maintenance schemes based on different 
principles; measures can be planned according to a time based scheme, a condition based 
scheme and also to a ‘’corrective’ based scheme (take a measure when the asset stops 
fulfilling its desired performance).  

Any implementation of the framework in terms of tooling or otherwise should be open to 
different scenarios and to comparison of these scenarios. 

2.3.9 Societal cost models 
EUSL need to be compared in an objective manner. This is intrinsically impossible since 
different EUSL are of different character. It is e.g. impossible to compare road safety, or the 
risk of lethal accidents, with the disturbance of neighbours due to traffic noise. Still 
maintenance managers and asset owners are expected to make justifiable choices between 
both. To facilitate this, different EUSLs can be expressed in the same metric, to which all of 
them can be converted in a (ab initio) subjective way. Clear advantages are that 

- wherever objectivity is possible, this is achieved  

- this allows for a transparent communication and  

- objective choices, within the metric used can be achieved 
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Translating all EUSL into the same metric as the cost; i.e. monetary values, facilitates the 
use of cost benefit models. This is by now a well established way of dealing with this issue. 

2.3.10 Condition inspection and monitoring. 
Current maintenance planning involves many techniques to assess asset conditions, the 
results of which are used in maintenance planning. Note that this is only so when 
maintenance planning is fully or partly condition based. Condition indicators are of course, as 
mentioned, also important in the framework. For maintenance planning as envisaged by the 
framework condition prediction is important and therefore these indicators are used as time 
dependent functions. Monitoring results of the asset condition can directly be used as 
condition indicators in the framework. With inspection results, the value of the corresponding 
condition indicator can be updated. This will lead to more reliable outcomes.  

However there is also a much more fundamental use for inspection and monitoring results, 
related to the uncertainty which is utilized in the framework, which is described below. 

2.3.11 Uncertainty. 
The uncertainty of all the elements in the framework is the reason that maintenance 
management is not as straightforward as it seems to be. The framework offers the 
opportunity to clarify the effect of this uncertainty. First of all it offers the opportunity to 
investigate the effect of different maintenance scenario on EUSL, the risk not to meet them 
and costs. However also within one maintenance scenario uncertainty remains, e.g. with 
respect to degradation rates or the importance of certain EUSL over a longer period of time. 
With these uncertainties costs or risks (of not delivering the EUSL) are associated.   

These kind of uncertainties can be incorporated by reliability based methods to the 
framework. Such methods use quantitative information on the uncertainty and assess their 
effect on the outcome (i.e. the EUSL). Note that through the way measures, costs, asset 
condition and EUSL are related in the framework, such reliability based techniques are easily 
deployed. By incorporating an option to account for these uncertainties in e.g. a numerical 
implementation of the tooling based on the framework, investments in monitoring systems 
(an uncertainty/risk quantification tool) can be rationalized. For a proof of concept the ability 
to randomize the events was incorporated in the demonstrator described in chapter 4. 

Tooling and methods etc. which can be build using this framework need information on all 
aspects described above. With all this information in place, results based on different 
maintenance scenarios are relatively easy achieved with a numerical implementation. In a 
final form the framework will process actual information from maintenance practice on these 
parts and will deliver cost prediction and risk predictions of the actual network. This practical 
information is available in different forms for different assets and for different NRA’s. By 
applying the framework, the envisaged outcome can be obtained. It is however necessary to 
implement NRA specific sets of the information on  the constituting parts of the framework. 

3 Demonstrator – Proof-of-Concept 
In this chapter a demonstrator of maintenance optimization tool built on the principles and 
concepts off the framework is described. All input and output fields of the demonstrator are 
described consecutively and the relationship with the framework pointed out.   

3.1 Delimitations and input 
Framework implementation in tooling should be open for different network configurations; 
sizes, road types and different use of the network. This will lead to the availability of scenario 
choices on the extent of the network considered, road type considered, etc. 
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In Figure 3.1 a screen dump of the general input field of the framework demonstrator is 
shown. Many of the items described above can be seen as general input. A selection can be 
made for; 

-‐ Road type 
-‐ Traffic load 
-‐ Reference period  
-‐ Interest rate  

The selection for road type in the implementation for  demonstrating purposes is limited to 
highways and the number of lanes, but can be extended to other road types, see chapter 5. 

 

 
Figure 3.1 General input of the demonstrator 

In the demonstrator the parameters describing the traffic load are limited to the number of 
vehicles per years, a fraction of this total representing the heavy vehicles and an annual 
percentage describing the traffic growth. Of course also other parameters and a variable load 
can be implemented.  

3.2 Objects 
The network is composed of segments (length in km) populated with objects and 
components. The level to which this subdivision is applied in the framework is on practical 
grounds. Too much detail has no added value. Objects, that are traditionally divided in 
different asset categories (pavement, structures and road furniture), are only considered 
separately at this level of the framework. This constitutes the cross assets aspect of the 
framework; really there are no different assets only assets which contribute to network 
performance. The performance of the network depends on the condition of the objects (and 
their components) as well as on the specific (local) surrounding or environment in which the 
network is situated, e.g. a dysfunctional joint will produce noise which is more important in an 
urban then in a rural environment. 
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Typical description is a composition of the assets in the network considered in; 

-‐ Part of the network (defined as a length) 
-‐ Type of environment 
-‐ Characterization of objects considered (e.g. pavement, construction and furniture) 

It describes the network in a structured way, an example of which is shown in Figure 3.2. 

 
Figure 3.2. Defining the network 

Objects can consist of components. Each object has a series of components as can be seen 
in the “property viewer” of the demonstrator. For the demonstrator we have added some 
simple examples. For example: the Furniture_1 has road markings and road studs, as can be 
seen in Figure 3.2, above. In the reports of the other Work Packages, a possible (level of) 
sub-division in objects and components for different NRA’s is described in more detail. 

In the demonstrator we have used the decompositions described in Table 3.1. 

Table 3.1 Decomposition of objects into components 
Object Object Number	  of	   Component_1 Component_2 Component_3 Component_4 Component_5 Component_6
type name Modelled	  Components reference reference reference reference reference reference
none blank 0

furniture furniture_1 2 road	  markings_1 road	  studs_1
furniture furniture_2 1 road	  markings_2
pavement pavement_1 1 top	  layer_1
pavement pavement_2 1 top	  layer_2
pavement pavement_3 1 top	  layer_3
pavement pavement_4 1 top	  layer_4
pavement pavement_5 2 top	  layer_3 foundation_1
structure bridge_1 6 columns_2 bearings_1 maingirders_1 crossgirders_1 slabs_1 joints_3
structure bridge_2 3 columns_2 maingirders_1 slabs_1  

 

3.3 Environment 
The environment is important for EUSL’s. Urban or rural environments might implicate 
(im)possibilities for detours in case of repair works, and hence influence the indirect costs in 
terms of hindrance, comfort, travelling time etc. Noise and air quality are examples of 
impacts that affect the quality of live in the vicinity of the road. To be able to quantify these 
effects, the number of people (and or housings) in the environment is an essential factor. 
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For the implementation set used here in the demonstrator two environmental choices are 
possible; rural and urban. In the table below the specifics assumed here are given. They can 
be changed depending on the implementation. 

Table 3.2 Input data for the used environments 

Name description houses people detour	  possible
[text] #/km #/km 1/0	  (yes/no)

-‐ blank 0 0 0
environment_1 rural 3 10 0
environment_2 city 250 1000 1

ENVIRONMENTS

 
 

3.4 Measures 
The measures have to be linked to an object, component and aspect. The aspects are 
properties of a component relevant for the functioning of the network. In the demonstrator, 
these aspects can be defined for different instances of a component, see Table 3.3. 

 

Table 3.3 Predefined aspects per component instance 
Object Component Number	  of	   Aspect_1 Aspect_2 Aspect_3 Aspect_4 Aspect_5
type type name Modelled	  	  Aspects reference reference reference reference reference

furniture road	  markings road	  markings_1 2 visibility_1 skid	  resistance_1
furniture road	  markings road	  markings_2 1 skid	  resistance_1
furniture road	  markings road	  markings_3 1 visibility_1
furniture road	  studs road	  studs_1 1 visibility_2
pavement top	  layer top	  layer_1 5 skid	  resistance_2 rutting_3 Cracks_2 longitudinal	  eveness_3 Surface	  damage_1
pavement top	  layer top	  layer_2 2 rutting_1 Cracks_1
pavement top	  layer top	  layer_3 1 rutting_2
pavement top	  layer top	  layer_4 3 rutting_1 Cracks_4 Surface	  damage_2
pavement foundation foundation_1 1 bearing_capacity_1
structure columns columns_2 1 columns_concretecover_1
structure bearing bearings_1 1 bear_deformation_2
structure maingirder maingirders_1 1 girder_concretecover_1
structure crossgirder crossgirders_1 1 girder_concretecover_2
structure deck slabs_1 1 deck_concretecover_1
structure joint joints_3 2 joint_impermeability_1 joint_damage_1  

 

In figure 3.3 an example of a series of measures is shown. Together these measures can be 
seen as a maintenance scenario. In the demonstrator the influence of three different 
scenario’s for the same network can be compared. 

As stated in chapter 2 maintenance measures can be taken on three basic principles:  

• Corrective maintenance (condition based) 
• Preventive maintenance (time based) 
• Predictive maintenance (estimated condition based) 

The framework is open for any of these maintenance principles. 

In the demonstrator these principles are implemented. Maintenance based on the last  two 
principles are implemented in the field ‘Planned maintenance’ under the Measure Tab. Here 
time periods for maintenance can be inserted or a condition value at which maintenance 
measures will be applied. Corrective maintenance is also implemented, with the field 
unplanned maintenance. Here a critical value of the condition of the asset can be inserted. 
When this value is reached immediate measures are necessary. The costs of these 
corrective are increased, due to the ‘unplanned’ character of the measures 

Sometimes,  the planned time based maintenance or condition based measure are too late 
and unplanned maintenance measures have to be taken. The user can inspect the measures 
he defined by selecting the corresponding component in the aspect viewer, see Figure 3.3. 
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Figure 3.3 Panels for defining scenario alternatives for planning maintenance actions 

 

A number of predefined measures can be selected as shown in Table 3.4. 

 

Table 3.4 Predefined Measures 
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Object Applied	  
type name type to	  

furniture replacement_1 replacement road	  markings
furniture replacement_2 replacement road	  markings
furniture replacement_3 replacement road	  markings
furniture replacement_4 replacement road	  studs
pavement milling_1 milling top	  layer
pavement milling_2 milling top	  layer
pavement milling_3 milling top	  layer
pavement milling_4 milling top	  layer
pavement renew	  surfacing_1 renew_surfacing top	  layer
pavement renew	  surfacing_2 renew_surfacing top	  layer
pavement renew	  surfacing_3 renew_surfacing top	  layer
pavement renew	  surfacing_4 renew_surfacing top	  layer
pavement strengthen_foundation_1 foundation	  strengthening foundation
structure concrete_cover_repair_1 cc_repair columns
structure concrete_cover_repair_2 cc_repair maingirder
structure concrete_cover_repair_3 cc_repair crossgirder
structure concrete_cover_repair_4 cc_repair deck
structure joint_seal_repair_2 seal_repair joint
structure joint__mechanical_repair_1 mech_repair joint
structure joint_replacement_1 replacement joint
structure bearing_replacement_2 replacement bearing  

 

3.5 Degradation curves 
The condition of the objects will decrease in time. The degradation curves are linked to the 
aspects. For example without measures, road studs will not be visible after some time. The 
curves can be added to the demonstrator in a table (and corresponding code), so in the 
framework and in the demonstrator a curve of your own choice can be used. 

In the demonstrator we have used the curves as shown in table 3.5 

 

Table 3.5 Predefined degradation curves 
Description/source kind formID name formula

Slovenian	  case;	  visual	  pavement	  condition	  (MISI) aspect 1 slov_MISI 1-‐(1/(1-‐1.0002^-‐(X_1^X_2)))*(1-‐1.0002^-‐(t^X_2))
Slovenian	  case;	  longitudinal	  eveness	  (IRI) aspect 4 slov_IRI1 1-‐(t/X_1)^X_2
Slovenian	  case;	  longitudinal	  eveness	  (IRI) aspect 4 slov_IRI2 1-‐(t/X_1)^X_2
Slovenian	  case;	  longitudinal	  eveness	  (IRI) aspect 4 slov_IRI3 1-‐(t/X_1)^X_2
Slovenian	  case;	  transverse	  eveness	  (RUT) aspect 4 slov_RUT 1-‐(t/X_1)^X_2
Slovenian	  case;	  skid	  resistance	  (SR) aspect 4 slov_SR 1-‐(t/X_1)^X_2
Austrian	  case;	  cummulative	  load	  cycles aspect 5 NLWkum (365*JDTLVakt/ln(1+p/100))*((1+p/100)^(20.5-‐t)-‐(1+p/100)^(-‐0.5-‐t))*X_1*X_2*X_3*X_4/1e6
Austrian	  case;	  cracks aspect 6 aust_cracks1 exp(-‐3.60517	  +	  at	  +	  ln(t+0.01)-‐ln(VBI+0.01))
Austrian	  case;	  cracks aspect 6 aust_cracks2 exp(-‐3.60517	  +	  at	  +	  ln(t+0.01)-‐ln(VBI+0.01))
Austrian	  case;	  surface	  damage aspect 7 aust_surfd -‐12.672+a*t+0.00066*FIKh
Austrian	  case;	  transvers	  eveness aspect 8 aust_RUT1 a*t+b*NLWkum/1e5
Austrian	  case;	  transvers	  eveness aspect 8 aust_RUT2 a*t+b*NLWkum/1e5
Austrian	  case;	  longitudinal	  eveness aspect 9 aust_IRI a*t+b*NLWkum/1e5
Austrian	  case;	  skid	  resistance aspect 10 aust_SR b-‐a*t
FHWA aspect 2 column_cc1 1-‐(1/X_1)*t
FHWA aspect 2 bear_def1 1-‐(1/X_1)*t
FHWA aspect 2 deck_cc1 1-‐(1/X_1)*t
FHWA aspect 2 girder_cc2 1-‐(1/X_1)*t
FHWA aspect 2 joint_imperm1 1-‐(1/X_1)*t
FHWA aspect 2 joint_damage2 1-‐(1/X_1)*t  
 

All conditions of all aspects can be inspected under the degradations tab, Figure 3.4. By 
doing this the user can check if all (essential) aspects are dealt with. The influence of the 
measures is clearly visible, as a jump to a higher condition level. 
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Figure 3.4 Inspecting the degradations 

Measures can be initialized for a certain aspect but of course a measure can influence other 
aspects as well. For example renewal of the asphalt top layer can be triggered by a critical 
value of rutting, but will influence other aspects influenced by the asphalt layer, such as skid 
resistance and cracks. 

In the Property viewer the condition of all these aspects can be shown for the three 
maintenance scenario’s and the influence of all measures on the chosen aspect is taken into 
account. 

3.6 Cost 
Each measure will cost money and can cause hindrance. The direct and indirect cost of a 
measure can be added in the tables of the demonstrator as shown in tables 3.6 and 3.7. The 
yearly costs (with the discount rate incorporated) for each scenario will be calculated in the 
framework. In the demonstrator these costs for the sets used are shown in a graphs under 
the costs tab. Inspecting the legends is facilitated below each graph. 
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Figure 3.5 Costs  

 

Table 3.6 Direct cost definitions of measures 
Applied	   Direct	  cost Direct	  cost

name type to	   Value calculus

replacement_1 replacement road	  markings 110 per	  km
replacement_2 replacement road	  markings 100 per	  km
replacement_3 replacement road	  markings 90 per	  km
replacement_4 replacement road	  studs 100 per	  km

milling_1 milling top	  layer 14 per	  m2
milling_2 milling top	  layer 15 per	  m2
milling_3 milling top	  layer 16 per	  m2
milling_4 milling top	  layer 17 per	  m2

renew	  surfacing_1 renew_surfacing top	  layer 22 per	  m2
renew	  surfacing_2 renew_surfacing top	  layer 23 per	  m2
renew	  surfacing_3 renew_surfacing top	  layer 24 per	  m2
renew	  surfacing_4 renew_surfacing top	  layer 25 per	  m2

strengthen_foundation_1 foundation	  strengthening foundation 100 per	  m2
concrete_cover_repair_1 cc_repair columns 35 per	  m2
concrete_cover_repair_2 cc_repair maingirder 40 per	  m2
concrete_cover_repair_3 cc_repair crossgirder 40 per	  m2
concrete_cover_repair_4 cc_repair deck 50 per	  m2

joint_seal_repair_2 seal_repair joint 1000 per	  #
joint__mechanical_repair_1 mech_repair joint 1000 per	  #

joint_replacement_1 replacement joint 5000 per	  #
bearing_replacement_2 replacement bearing 5000 per	  #  

 

Table 3.7 Indirect cost specifications of measures 
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Object Applied	   Situation Situation Value Calculus
type type To reference reference Euro

pavement milling top	  layer environment_1 road_type_1 0,00054 per	  vehkm
pavement milling top	  layer environment_1 road_type_2 0,0006 per	  vehkm
pavement milling top	  layer environment_1 road_type_3 0,00066 per	  vehkm
pavement milling top	  layer environment_2 road_type_1 0,00039 per	  vehkm
pavement milling top	  layer environment_2 road_type_2 0,00045 per	  vehkm
pavement milling top	  layer environment_2 road_type_3 0,00051 per	  vehkm
pavement renew_surfacing top	  layer environment_1 road_type_1 0,0018 per	  vehkm
pavement renew_surfacing top	  layer environment_1 road_type_2 0,002 per	  vehkm
pavement renew_surfacing top	  layer environment_1 road_type_3 0,0022 per	  vehkm
pavement renew_surfacing top	  layer environment_2 road_type_1 0,0013 per	  vehkm
pavement renew_surfacing top	  layer environment_2 road_type_2 0,0015 per	  vehkm
pavement renew_surfacing top	  layer environment_2 road_type_3 0,0017 per	  vehkm
pavement foundation	  strengthening foundation environment_1 road_type_1 0,0036 per	  vehkm
pavement foundation	  strengthening foundation environment_1 road_type_2 0,004 per	  vehkm
pavement foundation	  strengthening foundation environment_1 road_type_3 0,0044 per	  vehkm
pavement foundation	  strengthening foundation environment_2 road_type_1 0,0026 per	  vehkm
pavement foundation	  strengthening foundation environment_2 road_type_2 0,003 per	  vehkm
pavement foundation	  strengthening foundation environment_2 road_type_3 0,0034 per	  vehkm
structure cc_repair deck environment_1 road_type_1 0,0018 per	  vehkm
structure cc_repair deck environment_1 road_type_2 0,002 per	  vehkm
structure cc_repair deck environment_1 road_type_3 0,0022 per	  vehkm
structure cc_repair deck environment_2 road_type_1 0,0013 per	  vehkm
structure cc_repair deck environment_2 road_type_2 0,0015 per	  vehkm
structure cc_repair deck environment_2 road_type_3 0,0017 per	  vehkm
structure replacement joint environment_1 road_type_1 0,00054 per	  veh
structure replacement joint environment_1 road_type_2 0,0006 per	  veh
structure replacement joint environment_1 road_type_3 0,00066 per	  veh
structure replacement joint environment_2 road_type_1 0,00039 per	  veh
structure replacement joint environment_2 road_type_2 0,00045 per	  veh
structure replacement joint environment_2 road_type_3 0,00051 per	  veh
structure replacement bearing environment_1 road_type_1 0,00054 per	  veh
structure replacement bearing environment_1 road_type_2 0,0006 per	  veh
structure replacement bearing environment_1 road_type_3 0,00066 per	  veh
structure replacement bearing environment_2 road_type_1 0,00039 per	  veh
structure replacement bearing environment_2 road_type_2 0,00045 per	  veh
structure replacement bearing environment_2 road_type_3 0,00051 per	  veh  

 

3.7 End User Service Levels 
As indicated above, the service indicators are defined here from a end user perspective (End 
User Service Levels - EUSL). The end users of the network (stakeholder, such as the people 
driving or living next to the road) have expectations of the network. NRA are challenged to 
express these expectations in measurable entities in order to manage them, Alternatively, if 
the this is not possible, other ways to meet these expectations need to be found. It is 
however unlikely that they can be met by optimizing maintenance. An example of an EUSL is 
the expected value of the number of accidents per year per kilometre. The cost of accidents 
can be estimated by the mean value of costs (of the accident itself and the secondary 
consequences such as delay) and the probability of an accident occurring (depending on 
traffic, road conditions, etc.) In this way EUSL’s can be added to the cost of measures.  

In the demonstrator we used five EUSL’s: safety, accessibility, comfort, noise and emissions. 
For “safety” we have used the expected value of the number of accidents combined with cost 
of accidents. For accessibility we so far used a dummy expression, but calculations are 
possible using for instance the delays in hours, combined with the number of cars and 
involved costs of delay. For comfort a value is assumed of 0,008 euro per vehicle per 10 km 
that people would be willing to pay if they could choose for an alternative better road. 
Emissions are incorporated by assumptions made on the quantities of emission products per 
truck per kilometre and associated costs. Finally noise is modelled as an increase in dB 
when the pavement degrades. The EUSL can be seen as a decrease of the service level or 
risk and as such as a cost. The cost of  safety, accessibility, comfort, noise and emissions 
can be seen as a policy factor. The demonstrator is open to change these parameters, as 
well as the relations between the condition of the aspects and the EUSL’s. An example of the 
way EUSL are related to asset condition here the safety function is given. Other EUSL 
functions are described in Annex A. In the demonstrator we implemented a factor F_SAFETY 
in order to account for a relation between component’s conditions and the number of 
accidents: 
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F_SAFETY = a + b*(1-c) 2 

Depending on its parameterization for a and b, this function can e.g. have values between 
0.5 (for excellent condition, c=1) and 1.5 (for very poor condition, c=0). The condition 
dependent number of annual accidents Nacc and the yearly costs Cacc are then calculated as; 

 
Nacc = F_SAFETY P0 * (L*I) 

Cacc = C0*Nacc 
 

With L the length of road segment [km] and I the traffic intensity [veh/year]. Values used are 2.10-7 [-
/vehkm] and 31 kEuro/accident fro P0 and C0 respectively. Of course the framework is open for 
alteration of these values and relationships. 
 

As a result the total costs of each scenario can be calculated (cost of measures, plus cost of 
service decrease). In the demonstrator we have included some of these relations(see Annex 
A), which leads to results as shown in Figure 3.6 

 

 
Figure 3.6 EUSLs over time 

 

These results are also summarized in another view, under the ‘summary’ tab, see Figure 3.7. 
Here, the total costs over the period at hand are shown per category. So a direct view of the 
differences in the scenarios can be seen and main contributions can be identified. 

Also in this view one can select a combination of scenario and EUSL and see what aspects 
or conditions contribute the most in the costs, giving incentives for optimizations. This second 
graph shows the influence of each aspect on the EUSL chosen. In this case the blue section 
of the circle shows the influence of the rutting of the pavement. 
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The result shows that scenario 1 has a low degree of service. Scenario 2 results in the best 
service.  

 
Figure 3.7 Summarized results of EUSLs over the period at hand 

3.8 Randomizer 
The uncertainty of all the elements in the framework are the reason that maintenance 
management is not as easy as it seems to be. The framework will have to make clear what 
the effect of this uncertainty will be for each maintenance scenario and what extra costs or 
service can be expected for each scenario. For a proof of concept the ability to randomize 
the events is necessary. To be able to show the effect of monitoring (a risk quantification 
measure), also the randomizer is essential. 

With a Monte Carlo simulation the uncertainty of the degradation curves is modelled. This 
results in a series of values (a mean value and the uncertainty) for the cost of the measures 
and each EUSL. The influence of monitoring in the demonstrator is modelled as a decrease 
of the uncertainty of the degradation behaviour. 

The figure 3.8 shows that monitoring will decrease the uncertainty of the final result of the 
“total costs” and that the expected value of the “total costs” will decrease. The cost of 
monitoring itself is not included in the total cost! 
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Figure 3.8 Randomizing the results, illustrating the beneficial potential of monitoring 

 

3.9 Example Run 
As an example of the demonstrator’s functionality, a small network model is presented. It 
consists of: a 2 lane highway with 0,5 km of pavement (foundation and top layer) and 
furniture (road markings and road studs), followed by a second segment of 0,5 km with a 
bridge (columns, girders and slabs), pavement (top layer) and furniture (road markings and 
road studs). The total number of aspects selected in the example is confined (like only rutting 
for the pavements) in order to be able to define maintenance scenarios with a limited number 
of types of intervention measures (10). The time window looked at is 40 years and a traffic 
intensity of 50 million vehicles per year is assumed. 

In the current demonstrator example the influence of three different scenario’s for the same 
network is compared:  

-  Scenario 1 consists of corrective maintenance (condition based) in which interventions are 
enforced when a condition has reached an absolute minimal acceptable level. The costs of 
measures are penalized by extra costs for ‘unplanned’ interventions 

-  Scenario 2 is a preventive maintenance scenario in which the intervention years are de-
fined according to acceptable user defined condition values (estimated condition based). The 
measures are accounted for as being ‘planned’ measures. 

-  Scenario 3 also is a preventive maintenance scenario. However, the interventions are now 
defined to take place with a fixed returning period (time based). Again, the corresponding 
measures are characterized as ‘planned’ measures. 

Figure 3.9 shows the development of the EUSL and maintenance costs for the three 
scenarios over the 40 year time window. An annual traffic growth of 2% and a financial 
discount rate of 1 % is taken into ac-count. The growth of the EUSL costs over the years, the 
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impact of the measures on the EUSLs, as well as the different character of the three 
scenarios is visualized.  

 

 
Figure 3.9. Development in time of maintenance and societal costs for three different 
maintenance scenarios, scenario 1 (top), scenario 2 (middle) and scenario 3 (bottom). 

 

In Figure 3.10 the summary of the numerical run is presented. The top part of the figure 
shows the EUSL’s costs together with the total maintenance costs in a bar plot and 
corresponding table per scenario for comparison. Clearly, as was to be expected, the 
corrective maintenance scenario performs worst, on all EUSL aspects but predominantly with 
respect to safety. The both preventive scenarios perform very much alike within the current 
example settings. Further optimizations, however might still be possible for both scenarios. 
Especially when taking the cross asset character of the tool into account, planning of 
measures coinciding in time could be quantified to be beneficial. The bottom part of Figure 
3.10 depicts the relative contributions of aspect’s conditions to an EUSL for a given selected 
scenario. In this case ‘safety’ of scenario 1. Such views will assist in deciding for optimization 
actions 
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Figure 3.10 Summary of realized costs over 40 years; Costs decomposed per EUSL and 
intervention cost per scenario (Top) and relative contributions in safety costs for scenario 1 
(Bottom). 
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4 Conclusions on the framework 
The ASCAM framework is intrinsically, cross asset, holistic and from an user perspective. 
These principles seem appropriate in a timeframe in which maintenance of infrastructure 
(road, rail, etc.) is more and more approached from liberal market principles (e.g. 
privatization of rail in the UK, ASFiNAG as a maintenance organization in Austria). It is not 
for nothing that these principles were asked for in the text of the ENR asset management 
call.  

In the ASCAM concept a vertical cross section is made in the asset management Top-Down 
and Bottom-UP approaches which link the high level strategic and low level technical aims in 
asset management. Such concepts are not easily adopted within most road infrastructure 
communities, however such breakthrough thinking is necessary to realize the transition to a 
more market driven approach to infrastructure maintenance. 

So from a past and present perspective ASCAM concepts appropriateness seems limited 
because of an ill-fit with available thinking, processes, routines, methods, organization and 
data. 

From a viewpoint of envisaged future maintenance practice ASCAM concepts 
appropriateness seems spot on, because of the intrinsic characteristics described above, the 
risk adopted approached and the quantitative nature of tooling based on the framework.  

Also introducing ASCAM concepts now seems well timed. At the moment methods and 
means are emerging which can help to resolve the huge challenges which road maintenance 
management are facing the coming decades, e.g. ageing infrastructure, high demand on 
availability safety. Such methods comprise e.g. life cycle costing or condition monitoring. 
Benefits of such methods, especially in risk reduction, though well accepted, can hardly be 
substantiated using present day maintenance systems. This is extremely well facilitated 
using ASCAM principles and concepts. 

In these perspectives the gap between current practice and the ASCAM framework is rather 
limited. For practical framework implementation input from available existing MMS systems 
can be used. Immediate benefit would that a well founded cross national information 
exchange on ‘’good practices’’ will become possible. Attention and development is needed 
for;  

-‐ The relationships between performance indicators (PI) and EUSL  
-‐ Bridge functionality and PI’s to be further developed 
-‐ Assessment of quality of input data with respect to practical decision support is 

needed 
 

Pilot projects will help to find the necessary (reliable) information for using the framework 
principles in the NRA-specific circumstances. Examples are (as broad as) effects of severe 
winter condition or political budget restraints. 

These pilot projects should also show the quick wins of using the framework in a specific  
NRA perspective. 
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Annex A 
In the demonstrator five EUSL’s are implemented in a conceptual way: safety, accessibility, 
comfort, noise and emissions.  

Safety 
For “safety”, the expected value of the number of annual accidents combined with cost of 
accidents is used.  

The expected value of the number of annual accidents is expressed in  

 

 P0  = number of accidents / vehkm 

      (vehkm ~ ‘vehicle kilometer; km’s driven’) 

For an actual road segment of say 2 kilometres a nominal number of accidents would be 
expected of  

 

 Nacc_nom = P0 * (2*I) 

     (I ~ traffic intensity: number of vehicles per year) 

In the demonstrator we implemented a factor F_SAFETY in order to account for a relation 
between the state of the object’s and component’s conditions and the number of accidents: 

 

 F_SAFETY = 0.5	  +	  0.5*(1-‐c)^2	  

	  

F_SAFETY hence is assumed to be a quadratic function between 0.5 (for excellent condition, 
c=1) and 1.5 (for very poor condition, c=0). 

The condition dependent number of annual accidents is then calculated as  

 

 Nacc = F_SAFETY P0 * (L*I) 

     (L: length of road segment) 

And the yearly costs as: 

 

 Caccidents = C0*Nacc 

 

Values used are  

 

 P0 = 2.10-7 [-/vehkm] 

C0 = 31 kEuro/accident 

 

and can of course be altered if necessary (see worksheet ‘SERVICE LEVELS VALUES’ of 
the demonstrator)  

Likewise alterations can be done on the F_SAFETY function itself. The coefficients of this 
function can be redefined. Also multiple versions, like F_SAFETY_LOW, 
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F_SAFETY_MEDIUM1, ….F_SAFETY_HIGH, can be added and attributed to different 
aspects. These functions can be found in worksheet ‘CURVES’ of the demonstrator as 
shown in Table A.1 

 

This approach for safety in the demonstrator is pragmatic and serves the proof of principle. 
More dedicated functions are found as well, like from Austria: 

UR(SRM80) =6.346/(103.12 + 45.72 ·ln(µSRM,80) 
UR(SRM80) Accident rate [accidents/mil.km driven] 

µSRM,80…  Skid resistance when measured according to “Stuttgarter Reibungsmesser” (SRM) at 80 
km/h[1] 

Such functions can also be implemented in the demonstrator. 
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Table A.1 Different implementations of EUSL functions 
Description/source kind formID name formula X_1 X_2

Influence	  factor	  emission EUSL 11 F_EMISS_LOW X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 1 1,01
Influence	  factor	  emission EUSL 11 F_EMISS_MEDIUM X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 1 1,05
Influence	  factor	  emission EUSL 11 F_EMISS_HIGH X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 1 1,1
Influence	  factor	  noise EUSL 11 F_NOISE_LOW X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0 0,4
Influence	  factor	  noise EUSL 11 F_NOISE_MEDIUM X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0 1,2
Influence	  factor	  noise EUSL 11 F_NOISE_HIGH X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0 2,5
Influence	  factor	  safety EUSL 11 F_SAFETY_LOW X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0,1 0,5
Influence	  factor	  safety EUSL 11 F_SAFETY_MEDIUM1 X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0,3 0,9
Influence	  factor	  safety EUSL 11 F_SAFETY_MEDIUM2 X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0,4 1,1
Influence	  factor	  safety EUSL 11 F_SAFETY_HIGH X_1	  +	  (X_2-‐X_1)*(1-‐c)^2 0,5 1,5
Influence	  factor	  comfort EUSL 12 F_COMF_LOW min(X_1,X_1/X_2*(1-‐c)) 0,0002 0,7
Influence	  factor	  comfort EUSL 12 F_COMF_MEDIUM min(X_1,X_1/X_2*(1-‐c)) 0,0004 0,6
Influence	  factor	  comfort EUSL 12 F_COMF_HIGH min(X_1,X_1/X_2*(1-‐c)) 0,0008 0,3

accessibility	  function	  road	  markings EUSL 3 mark_visib_access1 (1+(X_1-‐1)*exp(ln((X_2-‐1)/(X_1-‐1))*(1-‐c)))/1e6 2 1,00E+03
accessibility	  function	  road	  studs EUSL 3 stud_visib_access1 (1+(X_1-‐1)*exp(ln((X_2-‐1)/(X_1-‐1))*(1-‐c)))/1e6 2 1,00E+03
accessibility	  function	  pavement EUSL 3 pave_rutt_access1 (1+(X_1-‐1)*exp(ln((X_2-‐1)/(X_1-‐1))*(1-‐c)))/1e6 2 1,00E+03
accessibility	  function	  bridge	  deck EUSL 3 deck_cc_access1 (1+(X_1-‐1)*exp(ln((X_2-‐1)/(X_1-‐1))*(1-‐c)))/1e6 2 1,00E+03
accessibility	  function	  bridge	  joint EUSL 3 joint_damage_access2 (1+(X_1-‐1)*exp(ln((X_2-‐1)/(X_1-‐1))*(1-‐c)))/1e6 2 1,00E+03  

 

 

Accessibility 
For accessibility we so far used a dummy expression, but calculations are possible using for 
instance the delays in hours, combined with the number of cars and involved costs of delay. 
Normally such calculations will need other programs which are able to model situations 
dependent traffic behaviour in more detail. The results of such exercises could then be 
summarized in terms of values that are input for the framework. As for now, in the 
demonstrator analytical functions are assumed relating conditions to accessibility costs per 
million vehkm per year: 

Caccessibility	  =	  (1+(A-‐1)*exp(ln((B-‐1)/(A-‐1))*(1-‐c)))/1e6	  

with  

 A = EUSL cost (per million vehkm per year) at condition level c=1 

 B = EUSL cost (per million vehkm per year) at condition level c=0 

 

Differently parameterized versions of this function are included in the demonstrator and can 
be attributed to different aspects (see Table A.1 or worksheets ‘CURVES’ and ‘SERVICE 
LEVELS VALUES’ of the demonstrator). 

 

 

Comfort 
For comfort a value is assumed of 0,0008 euro per vehicle per km that people would be 
willing to pay if they could choose for an alternative better road. The corresponding function 
is modeled as  

 

Ccomfort	  =	  min(	  A,	  	  (A/B)*(1-‐c)	  )	  

 

with  

 A = value (0,008) per vehkm 

 B = defining the rate in which the costs increase as a function of an aspect’s 
condition. 
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The function is linear, but maximized to a value. For example for B = 0.5 the value of A is 
reached for condition 0.5 an remains constant for further degrading conditions. 

The function in the demonstrator can be found in worksheet ‘CURVES’ as function 
F_COMF_HIGH. As for F_SAFETY, different functions and/or different parameterized 
functions can be added, in order to differentiate between different aspects contributing to the 
comfort, like in Table A.1. 

 

 

Emissions 
Emissions are incorporated by assumptions made on the quantities of emission products per 
truck per kilometre and associated costs. For the demonstrator we assume a nominal 
emission of  

 

 E0  = 5 gram / vehkm for trucks 

 

Associated societal cost are estimated to be  

 

 C0 = 5 Euro/kg 

 

In the demonstrator, a factor F_EMISSION is implemented, in order to account for a relation 
between conditions and the emissions: 

 

 F_EMISS = 1	  +	  0.5*(1-‐c)^2	  

	  

F_EMISS hence is assumed to be a quadratic function between 1 (for excellent condition, 
c=1) and 1.5 (for very poor condition, c=0). 

The condition dependent number of annual emissions is then calculated as  

 

 Eacc = F_EMISS E0 * (L*I*p) 

     (p ~ number of trucks as fraction of total vehicles) 

And the yearly costs as: 

 

 Cemission = C0*Eacc 

 

Again, various versions of F_EMISS are available in worksheet ‘CURVES’ and this can of 
course be extended. 
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Noise 
Finally, noise is modelled as an increase in dB when the pavement degrades. In case of 
ravelling the following approximate relation was deduced in the Netherlands: 

 

Cnoise = dS *N * C0  

 

With  

 dS: increase in dB as a result of increase in raveling:  dS = 0.1 dB/%raveling 

 N:   number of houses adjacent to road 

 C0   cost per house per dB per year. 

For the demonstrator this relation is generalized into: 

 

Cnoise = F_NOISE* C0  

 

in which F_NOISE is modelled as: 

 

 F_NOISE = 2.5*(1-‐c)^2	  

	  

So a quadratic function from 0 (best condition, c=1) to 2.5 (worse condition, c=0) 

C0 is valued as C0 = 50 Euro/dB/house/year 

Again, as for the other EUSLs, various versions for F_NOISE can be defined in worksheet 
‘CURVES’, see Table A.1. 

 

 

Combining EUSL contributions per aspect 
In the current demonstrator all aspects (like skid resistance of pavement) that are supposed 
to be related to a EUSL, are associated with a factor or function as described above. In 
adding all contributions (from the different aspects) to a total value for a EUSL weighting 
functions are used in order to put different weights to different aspects. See worksheet 
‘SERVICE LEVELS’ of the demonstrator. 

 


