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Executive summary 

Maintenance of paved roads is carried out to preserve and improve the pavement and 
reduce the deterioration process. A treatment will make the pavement last for a certain time 
interval before the next treatment is necessary. The time for which a treatment lasts can be 
related to many factors such as condition before treatment, selected treatment method, 
maintenance strategies (and changes in the strategy), technical quality, changes in traffic 
flow and budget levels. Current practise of treatment decisions are mainly based on 
assessment of technical parameters such as e.g. degree of unevenness.  

Decades of road network monitoring and follow up projects have generated a huge volume of 
empirical data on pavement condition. Even so, these support tools are not yet implemented 
to their full potential, and most tools do not address user expectations and new 
environmental impacts such as fuel consumption and emissions.  

The European Road Administrations have in the ERA-NET Road constellation created a 
cross-border funded joint research programme on three subjects “Mobility - Design - 
Energy". This paper summarises the project ToolBox, a work done in the subject Design - 
Rapid and Durable Maintenance Methods and Techniques that aims to advance the 
development and implementation of practical strategies and tools to assist road authorities in 
optimising the maintenance of their road networks, whilst addressing the key interests and 
expectations of road users. 

The ToolBox concept is applicable in the selection of lengths for maintenance (candidates), 
linked to comfort, safety, durability and the environment, including how the data is used, 
combined and weighted within current decision tools and models. ToolBox has not 
developed new models, for the technical parameters that are not currently measured (e.g. 
fuel consumption) but identified and extracted key tools from existing models used in Europe. 
The work has considered and developed an understanding of how existing knowledge (data) 
should be used to account for road user expectations in the selection of object lengths for 
maintenance. These existing and new concepts have been used to establish a set of 
functional triggers for selecting lengths (candidates) for maintenance on the network that 
include road user expectations and combine them to make recommended prioritised 
treatment objects. The principle process is Condition Data�Triggers (models) �Weighting, 
thresholds� Combined Index�Schemes—Network Statistics including candidates. 

ToolBox have demonstrated the application of the concepts developed within the project via 
a prototype tool applied to sample test networks, to compare and contrast the approach 
proposed by the ToolBox tool with the approach proposed by current systems. The tool is 
implemented within an Excel sheet and has been demonstrated on data from road networks 
of the partners. Partners in ToolBox have been VTI (Coordinator) Sweden, TRL UK, AIT 
Austria, CETE France and WSP group Sweden. Five reports including this has been 
produced. 
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1 Introduction 

Maintenance of paved roads is carried out to preserve and improve the pavement and 
reduce the deterioration process. An adapted treatment will make the pavement last for a 
certain time interval before next treatment is necessary. Pavement managers deal with 
complex decisions when identifying lengths of their networks in need of maintenance and 
selection of the appropriate maintenance treatments. Decades of road network monitoring 
and follow up projects have generated a huge volume of empirical data on pavement 
condition. To complement this information, several decades of research and development 
has accumulated a substantial volume of knowledge, models and tools that can use the 
information to assist in maintenance decisions. Even so, these support tools are not yet 
implemented to their full potential, and most tools do not address user expectations and new 
environmental impacts such as fuel consumption and emissions. This work has 
demonstrated a tool to assist road authorities in optimising the maintenance of their road 
networks. 

Pavement managers use their knowledge of the condition of the pavements under their 
control to assess the condition of the network, identify lengths in need of maintenance, 
propose maintenance schemes and prioritise these schemes. In an objective system, this 
must rely on the availability of quantitative condition information. This quantitative condition 
information is typically provided in the form of condition data expressed as technical 
parameters. There are many technical parameters that are used across Europe. Examples of 
such parameters may include 

• Comfort, obtained from the measurement of longitudinal profile of pavements and 
converted into a technical parameter such as the International Roughness Index 
(IRI). 

• Structural condition obtained from the measurement of transverse profile of 
pavements and converted into a technical parameter such as rut depth. 

• Visual condition obtained from the measurement of pavement properties such as 
cracking, fretting and converted into a technical parameter such as surface 
deterioration. 

• Noise, which may be obtained from the measurement of sound pressure levels at 
the roadside and converted into a standard technical parameter for noise such as 
the Statistical Pass-By Index. 

• Safety with a level of risk that can be estimated through a combination of 
geometrical characteristics and pavement surface characteristics (friction and 
texture measurements). 

These parameters can be collected using various methods. Some of these collection 
systems may operate at traffic-speed using fully automated machines to collect large 
quantities of data at the network level. Other devices run at slow speeds and are focussed on 
the measurement of schemes or projects. 

Although there are very many different approaches and regimes used for the collection of 
these technical parameters across Europe, they are typically collected to meet similar 
objectives, and previous work HeRoad (2012) has found that, at the fundamental level, there 
is a degree of comparability between the different parameters obtained on Europe’s road 
network, offering the potential to establish a “ToolBox” of core parameters that might be 
applied across Europe to feed fundamental condition assessment and lead to the reliable 
identification of schemes for maintenance. 

Typically the technical parameters are collated and stored to support the decision making 
process. At the basic level there may be a simple inspection carried out (e.g. visualisation of 
the parameters in a graph, spreadsheet or Geographical Information System) to visually 
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identify lengths in poor condition (Figure 3). However, in more sophisticated applications, 
tools, ranging from simple to very complex, can be applied to the data to support the 
automatic identification of schemes, to propose treatments and to prioritise these. 

These tools are applied with varying degrees of success but it is has been acknowledged 
(Lang et al, 2012) that the tools do not yet provide engineers with a complete solution to their 
problems. There are various issues. These range from the basic – have the right technical 
parameters been included – through to more challenging such as have the parameters been 
combined and weighted in the correct way to address all the maintenance needs, is the 
method best suited to identifying the lengths in need of maintenance and are these being 
combined to generate schemes in an optimal manner. 

2 The Project ToolBox 

“ERA-NET ROAD II – Coordination and Implementation of Road Research in Europe” was a 
Coordination Action funded by the 7th Framework Programme of the EC. The partners in 
ERANET ROAD II (ENR) were United Kingdom, Finland, Netherlands, Sweden, Germany, 
Norway, Switzerland, Austria, Poland, Slovenia and Denmark (www.road-era.net). Within the 
framework of ENR this joint research project was initiated. The funding National Road 
Administrations (NRA) in this joint research programme are Belgium, Denmark, Germany, 
France, Finland, Netherlands, Norway, Slovenia, Sweden and United Kingdom. The 
programme call covered three subjects “Mobility - Design - Energy". ToolBox was proposed 
to meet the subject Design which are further divided into three objectives described below.  

A) Safely Optimising Road Network Availability during Maintenance  

B) Durable Construction and Maintenance Methods  

C) Strategies for Reducing Maintenance Costs 

The concepts of the ToolBox proposal were aimed to meet the challenges of part C, 
Strategies for reducing maintenance costs. 

 

2.1 The Toolbox main idea 

The main goal and innovation of ToolBox was to make a working application implemented in 
Excel that can select maintenance candidates by using the higher level indicators (triggers) 
as decision criteria, see Figure 1. The tool combines condition data linked to comfort, safety, 
durability and the environment and has taken existing and new concepts to establish a set of 
functional triggers for selecting lengths (candidates) for maintenance on the network that 
include road user expectations and combine them to make recommended prioritised 
treatment objects. 

 

Figure 1 The higher level triggers in ToolBox 
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In many cases no models exists to create those higher level indicators and in other cases the 
models may not be validated. A not too comprehensive state of the art review has been 
carried out to find models and to identify available technical parameters that are input to 
those models. In some cases models have had to be proposed. In the future, new models 
could be added or the selected models could be improved.  

ToolBox has not aimed to develop new models or measurement parameters but to use 
existing data and, where possible, existing models.  Where models did not exist or were felt 
to be unsuitable, new models have been developed that are based on existing condition 
data. The tool has been developed to be flexible enough that any of the models used and 
any weightings or thresholds implemented can be easily changed by the user. The 
philosophy applied in this project is to demonstrate an open tool which can be easily adapted 
by road managers depending on the national trends for road maintenance policy. The tool 
can be adapted to specific context or use (fostering for example environmental issues 
instead of safety issues, etc.). The principle of the process flow of the tool can be seen in 
Figure 2. 

 

Figure 2 Principle of selection process of candidates in ToolBox 

 

2.2 Project Organisation 

ToolBox has delivered its objectives via five work packages. The core activities are 
summarised in the following paragraph to show how they link together within the project. 
Although the work packages are led by a leader from one of the partners, the work has been 
done in a cooperative manner with close contact between partners. 

The first Work Package (WP) has reviewed and specified the current situation regarding the 
frameworks, tools and models used in current Pavement Management Systems (PMS). The 
second WP adapted selected models to fit the ToolBox principle. This meant specifying the 
necessary data and finding a common base for (at least) all partner countries. Since the 
focus is to develop a working framework, the third WP commenced with the integration of 
weighting factors and functional triggers, and the selection of prioritisation models. 
Considerations of maintenance strategies and treatment methods take place in this WP and 
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a life cycle perspective is included in the final results. WP4 proposes demonstration of the 
tool on a set of data collected in the different countries involved in ToolBox project. The 
implementation of the tool allows a deeper analysis on the interest of the concept and 
presents potential evolutions such as changing the thresholds values for the different 
functions or the weight depending on the maintenance policy applied by each country. 

2.3 Partners 

Partners in Toolbox were The Swedish Road and Transport Research Institute (VTI) that 
also coordinated the work, the UK's Transport Research Laboratory, TRL, Technical Center 
of French Ministry of Transports, CETE, Austrian Institute of Technology, AIT and the 
Swedish company WSP. 

2.4 Deliverable Organisation 

Five reports (Deliverables) have been produced during the work; Current status and review 
of practise (D1), Review of Functional Triggers (D2), Decision Making Tool for Optimising 
Lengths for Maintenance, (D3), Demonstration of Decision Making Tool for Optimising 
Lengths for Maintenance (D4) and this Summary report (D5). 

2.5 The Project work process 

The final aim is to demonstrate a tool to select maintenance candidates based on new 
triggers. After a review of the background and details of components in existing maintenance 
work which is presented in D1 (Sjögren and Wright, 2013) a second step started. This step 
was to make a review of existing models or as it is expressed in ToolBox, triggers. This is 
presented in D2 (Benbow and Sjögren, 2013). 

After deciding which triggers to use, the necessary inputs needed to be established. The 
models or triggers could be either an available model or modified to fit ToolBox. The selected 
models are presented and described in D3 (Benbow et al., 2013).The next step was to find 
out requirements on data and what such data is available in different countries. After this the 
tool, an application in Excel, was started to be developed. During this development a number 
of issues were realized. E.g. how to handle missing data? How to normalize data due to 
country specific definitions? What scale should be used in different steps? In parallel the 
collection of data from partner countries was started. In the beginning the ambition was 
rather high and data was collected from a quite big region in each country. This was later 
limited to data from 2-3 major road types in each country. The tool was then ready for testing 
and a part considering the life cycle perspective was added. Demonstrations and results are 
presented in D4 (Benbow et al., 2013). 
 

 

3 The ToolBox tools 

In an objective system, the choice of maintenance candidates must rely on the availability of 
quantitative condition information, which is typically provided in the form of condition data 
expressed as technical parameters. The ToolBox project has only used existing data, and did 
not aim to develop new data. It has also been assumed that the condition data provided is of 
good quality. 

Where such models were not identified, the following process was undertaken: 

• Identify which parameters should be included in the trigger; 

• Create an index for each parameter, to determine whether the road is in good, 
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moderate or poor condition with respect to that parameter; 

• Combine each of the relevant parameter indices to form the trigger. 

The minimum section length to be used is 100m and all triggers (whether based on existing 
models or developed) will have values of between 0 and 100 inclusive, where 0 means that 
the road is in good condition and 100 means that maintenance is needed, see D3 (Benbow 
et al., 2013). 

It is important to remember that weight factors and scale factors are suggested by the 
ToolBox team from their experiences and are a compromise from discussions: The ambition 
of a perfect tool has been less prioritised than to have a working tool.  The weight factors and 
scale factors may be easily changed in the Excel tool. An overview of the principle can be 
seen in Figure 3.  

 

Figure 3 The functional trigger framework of ToolBox 

3.1 The Excel ToolBox implementation 

The tool is implemented in an Excel sheet. The maintenance candidate selection tool 
consists of 7 sheets within an Excel workbook (Fel! Hittar inte referenskälla.) and utilises 
Excel macros (the user will need to enable these when opening the workbook). The sheets 
are accessed by clicking on the tabs named; Data, Network Statistics, Summary, Trigger 
weighting Parameters, Trigger Thresholds, Scheme Creation and Parameters. The majority 
of the tool is implemented in the Data sheet. This sheet contains a table where input data 
can be inserted, from which the functional triggers, Combined Condition Index and treatment 
options are automatically calculated. The results of these calculations are dependent on the 
parameters that can be found (and, if necessary, altered by the user) on the ‘Trigger 
Weighting Parameters’, ‘Trigger Thresholds’ and ‘Treatment Thresholds’ 
sheets.

 

Figure 4 Layout of sheets within Excel based maintenance candidate selection tool 
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3.2 Selected models that trigger actions 

In the following the functional triggers that are used in the demonstrations are described. It is 
important to remember that many opinions exist on the choice of models. ToolBox wanted to 
demonstrate the framework using functional triggers as a selection tool and has therefore put 
lower priority on the selection of perfect models and scale factors. Also, scale factors are 
always a local users’ matter. The functional triggers are described in short in the next section 
and more comprehensively in the appendix. 

3.2.1 Comfort 

No existing useful model for comfort was found in the review (D2, Benbow & Sjögren, 2013). 
Therefore a suggested model was to use a combination of the technical parameters IRI, rut 
depth and localised roughness from the nearside (closest to the edge of the road) and offside 
(closest to middle of the road). The suggested weight factors are 50% IRI, 20% localised 
roughness, 10% rut depth and 20% edge deformation. This comfort model only considers 
effects from unevenness that causes shaking and shocks, not continuously high frequency 
vibrations and internal noise. The reason to include near and offside data is to consider wider 
vehicles as well. The importance of safety is considered in its own trigger model see 3.2.3. 
The comfort trigger can be seen below: 

 
Comfort trigger = 0.25*GC(IRINS) + 0.25*GC(IRIOS) + 0.1*GC(LRNS) + 0.1*GC(LROS) +  

 0.05*GC(RutNS) + 0.05*GC(RutOS) + 0.2* GC(Edge) 

3.2.2 Durability 

The durability trigger is another trigger defined by ToolBox, since no suitable existing model 
was found. The structural strength (SI), pavement deformation (Def), ride quality (RQ) and 
visual condition of the surface (Surf) are used in this trigger. 50% from the structural strength, 
20% from deformation, 20% from ride quality and 10 % from visual condition are the weight 
factors. 

 
Durability trigger = 0.5*ISI + 0.2*IDef + 0.2*IRQ + 0.1*ISurf 

 

3.2.3 Safety  

The ToolBox safety trigger is based on ALERTINFRA, which is a software tool that 
automatically detects dangerous areas of infrastructure. The tool was developed by the 
Technical Center of French Ministry of Transports (CETE) and IFSTTAR (previously LCPC) 
and provides up to 15 warnings on curves and 4 warnings on straight roads. Presently the 
algorithms are not available to be put in the Excel tool. A description of the software is 
presented in Deliverable 2 (Benbow & Sjögren, 2013). The Safety trigger used in the 
demonstration is defined as: 

ISafety =  0 if no safety risk detected by ALERTINFRA 

 f(Risk_level)*100/15 if safety risk detected on a curve by 
ALERTINFRA 

 

 35 if safety risk detected on a straight road by ALERTINFRA 
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Where f(Risk_level) takes a value between 0 and 15, depending on the number and type of 
warnings present. 

One of the main interests of using ALERTINFRA is the fact that each warning is connected to 
one or more infrastructure characteristics (friction, slope, radius, etc.). Then, it represents a 
help for road maintenance policy considering the fact that the tool not only provide a level of 
risk connected to accidents rate observed in France but also indicates the parameters on 
which road managers will have to focus on. 

3.2.4 Environment 

The model to be used in the demonstration for the environment trigger is defined as 50% 
weight on external noise emission generated from the tyre road surface contact and 50% 
from fuel consumption generated by the tyre road surface contact (that are one to one 
proportion of exhaust emission). The fuel consumption (or exhaust emission) are calculated 
from a standard heavy vehicle combination. As discussed in D2 (Benbow & Sjögren, 2013), 
this function represents the amount of fuel consumed by a truck and trailer, travelling at a 
constant speed of 80 km/h on a flat and straight road, with no prevailing wind. Two types of 
particulates are defined: Those from the engine exhaust and then those generated from the 
wear and tear of the tyre road surface contact. It was decided not to include particulates 
effects due to lack of knowledge to create a model. This doesn’t mean it is not important: On 
the contrary it should be included in a future version when the knowledge has been 
improved. 

Environment trigger =  0.5*INoise + 0.5*IFuel  

3.2.5 The combined condition index 

The Comfort, Durability, Safety and Environment triggers will be combined, to produce the 
Combined Condition Indicator (CCI) as follows: 

CCI = wC*Comfort Trigger + wD*Durability Trigger + wS*Safety Trigger  

 + wE*Environment Trigger 
 

Where wC + wD + wS + wE = 1 and are values chosen by the Toolbox user, depending on 
individual road owner’s policies.  In the demonstration, the values wC = wD = wS = wE =0.25 
have been used. 

3.3 Trigger parameters, input data 

As can be seen in Figure 3 many technical parameters are used as input to the models. A 
complication creating a tool to be used by different European countries is always the national 
differences and lack of European standards. Few usable harmonisation efforts were found 
that could have helped. Anyway ToolBox have considered this and tried as much as possible 
to make the tools general. Work was done to consider national technical parameters as 
inputs. One part of the solution is to use scale factors. This is easily done by changing 
parameters in a scale factor tab in the Excel tool. The detailed table with input parameters 
can be found in deliverable, D3 (table 4, required input parameters to ToolBox).     

3.4 Limitations and possible improvements 

The ToolBox project highlights the issue of data availability in European countries. Indeed, 
European countries developed various road maintenance policies based on road monitoring 
but the data are not always identical, they are not collected with the same spacing or the 
same accuracy. Thus, the need for harmonization is obvious. To solve this problem, the 
consortium worksed on a failsoft version of the tool by considering the effect of lacking data 
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in safety trigger for example. Nevertheless, this sensitivity study could be completed by 
adding a study on the effect of less accurate data to the missing data analysis. In the project, 
we only addressed the question of using minimum values of radius of curvature and average 
values for safety trigger but it could be necessary in the future to assess the same question 
for the other road characteristics parameters. 

Whilst developing the ToolBox tool, the following limitations were encountered and 
assumptions made: 

- No model was found that predicted the level of particulates emitted by vehicles 
travelling on a road.  Emissions are specific to individual vehicles, for example, a Ford 
Focus with a 1.6l petrol engine may be in the same Euro classification as 1.6l petrol 
Volkswagen Golf, but the two cars may have different emissions, due to different 
engine efficiencies and filters etc.  Vehicle age will also have a large effect on the 
volume of particulate matter in a vehicle’s exhaust fumes. Thus to model this 
effectively would have required a large amount of information about the vehicle fleet 
and also need a very detailed and complicated model.  It was decided that developing 
such a model was not within the remit of the ToolBox project and thus fuel 
consumption has been used as a proxy measure for particulate emissions. If such a 
model did exist in the future, it would be of benefit to include it in the tool. 

- Since fuel consumption is not measured on a network level, we have used a model to 
produce a proxy for this.  This model does not give an estimate of actual fuel 
consumed and does not include contribution from all road-related factors that are 
known to have an effect on fuel consumption.  It was decided that a model that only 
included factors that NRAs had control over or could change without inhibitive 
associated cost (e.g. road geometry) should be used, since suggesting maintenance 
on lengths that could not be improved practically would be unhelpful to the road 
owner. The model used is based on MPD and IRI and current research is suggesting 
that other surface factors may have an influence.  Therefore, as knowledge increases 
in the area of road-related fuel consumption, it would be beneficial to update the 
model used. 

- The contribution of the noise parameter to the environment trigger does not take into 
account how important it is for the road to be more quiet e.g. how heavily populated 
the area around the road is.  This means that the tool will suggest maintenance, to 
reduce noise levels, where there may not be a need for this. 

- The software used to generate the Safety trigger (ALERTINFRA) was developed 
using data at 1m or 5m spacing. This is a much shorter reporting length than would 
generally be available to a road owner. It has been found that, whilst using 100m 
average data for most of the parameters input to the software, this does result in 
some of the warnings being omitted from the output data. It was also found that using 
minimum curvature, instead of average, improved the accuracy of the output, on 
roads where the radius of curvature was actually small enough to trigger warnings. 
This means that, on motorways and primary roads, average values of radius of 
curvature allow detecting most of the lengths needing maintenance whereas on 
secondary roads it is not the case. This question leads to another concerning 
harmonization of practices in road monitoring at a European level. Indeed, the 
ToolBox project proves that the concept of aggregation of several indicators related to 
various fields (safety, environment, etyc.) to assess road maintenance is really 
powerful but the development of a common tool entails a harmonization in practices 
to allow having comparable set of data for the tool implementation. 

- Missing data or lack of certain parameters can alter how the tool performs.  For 
example, skid resistance data was not available at a network level for Sweden and 
this has heavily affected the output of ALERTINFRA and thus the values given for the 
Safety Trigger. Any road owner using the tool will need to be aware of the effect of 
missing data on the results. 
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- In principle, a wide range of aspects needs to be included when selecting candidates 
for maintenance, which is a strength of the trigger approach. However, when moving 
towards more detailed design aspects, more detailed data can be allowed on the 
limited number of sections selected for maintenance. Consequently, when selecting 
the proper treatment to apply to the selected sections, triggers may be useful but 
could be complimented with more detailed technical parameters of importance to the 
selection of maintenance treatment.  

- LCCA is useful to assess consequences of treatment selection over a longer period 
of time such as road user safety, road user comfort and environmental aspects as 
well as consequences of postponing maintenance.  

- An LCCA based only on triggers will suffer in the ability to accurately describe and 
reflect the evolution of road condition and properties, since the triggers levels are set 
based on a need for treatment. If an evolution of road condition and properties cannot 
be accurately reflected, LCCA will be of limited. 

 

4 Conclusions 

The ToolBox has clearly demonstrated a tool able to identify lengths in need of 
maintenance and then the LCCA part of the tool can be used to prioritise these 
schemes. The demonstration of the tool showed that most of the lengths that would be 
identified by engineers as needing maintenance are also identified by the ToolBox tool, 
see Figure 6 

 

Figure 5 An example of display of trigger outputs 
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Figure 6 Locations of maintenance suggested by ToolBox tool, for Route 1 with CCI≥29.5 (left) and 
locations of maintenance suggested by engineers (right) 

  In addition to these lengths, the tool also highlights a number of other lengths for which 
the maintenance need is due to user comfort, environmental factors, or additional safety 
factors that are not currently considered by engineers.  

Thus, we have developed a concept that ensures the selection of adequate 
maintenance works, which can consider maintenance budget, available road condition 
data and can consider the effects of both road condition and the maintenance on the 
road users and also the effect of maintenance on road workers. The triggers could be 
further improved and various sets of scaling and weighting factors could be developed to 
e.g. constitute a European set up for benchmarking purposes or national set ups and the 
output could be displayed in easy interpretation designs, see Figure 5 
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Appendix: Complete trigger equation descriptions 

Comfort trigger  

 
Comfort trigger = 

 

0.25*GC(IRINS) + 0.25*GC(IRIOS) + 0.1*GC(LRNS) + 0.1*GC(LROS) + 

 0.05*GC(RutNS) + 0.05*GC(RutOS) + 0.2* GC(Edge) 

 
The scale factor (GC) for IRI is 0 if IRI ≤ 3.5 mm/m and 100 if IRI ≥ 4.5 mm/m otherwise 

GC=100*(IRI-3)/1.5 

 

The scale factor for localised roughness is 0, if there is no localised roughness in the 100m 
length otherwise 100, if there is localised roughness present 
 

The scale factor for Rut depth is 0 and 100 if Rut depth ≥ 20 mm otherwise Gc(rut)=10*(Rut 
depth - 10) 
 

The scale factor for edge roughness is 0, if the edge roughness ≤ TL and 100 if  edge 
roughness ≥ TU otherwise f (Edge roughness), if TL < edge roughness < TU. The TL and TU 
are defined in Figure 7. 

 

Parameter TL TU f 

Edge roughness 

SWE 20mm 40mm 
fER(edge roughness)= 
5*(edge roughness-20) 

UK 0.2 0.7 
fER(edge roughness)= 
200*(edge roughness-0.2) 

Figure 7 Conditions for selection of upper and lower limits scale factors for edge roughness 

 
Durability 

The model to be used in the Demonstration for the durability trigger is defined as: 

Durability trigger = 0.5*ISI + 0.2*IDef + 0.2*IRQ + 0.1*ISurf Equation 1 

Where ISI is an index for structural strength  

            IDef is an index for pavement deformation 

 IRQ is an index for ride quality 

ISurf is an index for the visual condition of the surface. 

 

Where deflection measurements have been collected and Residual Life calculated for the 
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pavement, it was suggested that the following be used for the structural index for the 
Demonstration: 

ISI = 0, if Residual Life ≥ 10 years  

 100*(e(10-res life)/4 -1)/(e2.5 -1)  if 10 > Residual Life > 0 years 
Equation 2 

 100, if Residual Life ≤ 0 years  

Where deflection measurements are not available a modified version of a structural index 
used in Sweden was suggested (Lang et al., 2013): 

ISI=MAX(0, MIN(100, Imax + 20*(Irut+Iiri+Ied-Imax)/200)) 

Where Imax=MAX(Irut,Iiri,Ied)  

 Irut=MIN(100, MAX(Iarut,Ibrut)+20*MIN(Iarut,Ibrut)/100) 
Equation 3 

  Iarut=MAX(0, MIN(100, 10*(RD-10)))  

  Ibrut=MAX(0, MIN(100, 100*(∆RD-0.6)/1.5))  

 Iiri=MIN(100, MAX(Iairi,Ibiri)+20*MIN(Iairi,Ibiri)/100) 
Equation 4 

  Iairi=MAX(0, MIN(100, 100*(IRI-3)/1.5))  

  Ibiri=MAX(0, MIN(100, 100*(∆IRI-0.07)/0.03))  

and Ied=MAX(0, MIN(100, 100*(Edge Rough.-TLed)/(TUed-TLed))) Equation 5 

RD is the maximum rut depth, over the whole width of the road, ∆RD is the yearly change in 
rut depth, IRI is the maximum IRI measured in either wheel path and ∆IRI is the yearly 
change in IRI. TLed and TUed are thresholds applied to the edge deformation data and 
defined in Table 1. 

Irut is only calculated when the distance between the wheel paths is >1700mm and the road 
width>6.5m. Where this is not the case, Irut =0. 

Ied is only calculated when the road width ≤6.5m.  Where this is not the case, Ied =0. 

Table 1: Durability thresholds to be used in Demonstration for Equation 5 

Parameter TLed TUed 

Edge deformation (Equation 5) 
SWE 20 40 

UK 0.2 0.7 

 

Deformation index, IDef 

IDef=0.5*G(RutNS) + 0.5*G(RutOS) Equation 6 

Where RutNS and RutOS are the rut depths measured in the nearside and offside wheel paths, 
respectively, and  

G(Rut) = 0, if Rut depth  ≤10 mm  

 10*(Rut depth -10) if 10 <Rut depth <20 mm 
Equation 7 

 100, if Rut depth ≥20 mm  
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Ride quality index, IRQ 

IRQ = 0.5*G(IRINS)+0.5*G(IRIOS) 
Equation 8 

Where IRINS and IRIOS are the IRI values measured in the nearside and offside wheel paths, 
respectively and  

G(IRI) = 0 if IRI ≤ 3 mm/m  

 100*(IRI-3)/1.5 if 3 < IRI < 4.5 mm/m 
Equation 9 

 100 if IRI ≥ 4.5 mm/m  

Since very few countries have a network-level measure of potholes, these were omitted from 
this index. 

Visual condition index, ISurf 

ISurf =  0 if Surface deterioration ≤ TLSurf %  

 fSurf(Surf det’n) if TLSurf < Surf deterioration < TUSurf % 
Equation 10 

 100 if Surface deterioration ≥ TUSurf %  

Some countries perform manual surveys and have the % of each length affected by visual 
deterioration i.e. their measure will include many forms of surface deterioration.  However, 
this is not the case for all countries e.g. the UK have automatic crack data and network-level 
fretting data only. Thus, the thresholds used for the demonstration vary from country to 
country and those used for the demonstration are given in Table 2. 

Table 2:Durability thresholds to be used in Demonstration for Equation 10 

Index Parameter TL TU f 

Visual 
Condition 

Cracking AUT 7 15 100*(cracking-7)/8 

Cracking UK 0.15 0.2 100*(cracking-0.15)/1.85 

 

Safety trigger 

The ToolBox safety trigger is based on ALERTINFRA, which is a software tool that 
automatically detects dangerous areas of infrastructure.  The tool was developed by the 
Technical Center of French Ministry of Transports (CETE) and IFSTTAR (previously LCPC) 
and provides up to 15 warnings on curves and 4 warnings on straight roads.  A detailed 
description of the software is presented in Deliverable 2 (Benbow & Sjögren, 2013).  The 
Safety trigger used in the demonstration is defined as: 

ISafety =  0 if no safety risk detected by ALERTINFRA 

 f(Risk_level)*100/15 if safety risk detected on a curve by 
ALERTINFRA 

Equation 11 

 35 if safety risk detected on a straight road by ALERTINFRA 
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When a risk is identified on curves by ALERTINFRA, the level of risk estimated takes into 
account 15 individual warnings. The function, f in Equation 11, is defined as follows: 

F(Risk_level) =  ∑(W*Iwarning)*∑W 
Equation 12 

With W: weight of the various warnings 

 ∑W= 4.34, the sum of the weights of all the individual warnings  

 Iwarning: Index taking the value 0,1 or 2 (0: No warning detected on the area; 1: 
Warning detected on the area, 2: Warning detected  and connected to 
another warning – only V2, V3 and V4 can take the value 2 if V1 is not 
detected else V2, V3 and V4 are equal to 0) 

The individual weights (W) for the warnings have been defined by statistical analyses and 
have a value between 0 and 1, with the actual value depending on the importance of the 
warnings. The values taken for each weight is not public information. The maximum value 
provided by Alertinfra for f(Risk_level) is 15, since  all of the alerts cannot be detected in the 
same location at the same time. 

Environment 

The model to be used in the Demonstration for the environment trigger is defined as: 

Environment trigger =  0.5*INoise + 0.5*IFuel Equation 13 

Where 

INoise = 0, if CPX ≤ 102.4 db  

 100*(CPX-102.4)/2.1  if 102.4 < CPX < 104.5 db 
Equation 14 

 100, if CPX ≥ 104.5 db  

IFuel = 0, if Fuel consumption ≤ 3 l/10km  

 200*(Fuel consumption-3)  if 3 < Fuel consumpt’n < 3.5 l/10km 
Equation 15 

 100, if Fuel consumption ≥ 3.5 l/10km  

Note: The threshold values used for this fuel calculation are very large, due to the way that 
the fuel consumption has been calculated for the demonstration. 

 

 
 

 

 


