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Preface 
 

This thesis for the MSc. Programme Construction Management & Engineering was written 
during the academic year of 2016-2017. I remember when I first stepped into the office of the 
supervisor of my graduation committee, dr. G.Z. (Gamze) Dane at mid-summer of 2016. That 
I had subject for my graduation thesis and I needed to clarify my subject. Gamze did not know 
anything about asphalt but gave here blessing if I could show her that I really wanted to do 
this subject. At that moment I had meetings with ing. Pieter van Dueren den Hollander to 
make a probability model for degradation of asphalt construction over time, because 
ΨIŜƛƧƳŀƴǎΩ ǿŀƴǘŜŘ ǘƻ ǇǊŜŘƛŎǘ the degradation curve of the asphalt. We came up with the idea 
to construct a database and with this database, I could produce a prediction model. I started 
ŀǘ ΨIŜƛƧƳŀƴǎΩ ƛƴ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ {ŜǇǘŜƳōŜǊ нлмсΦ 
 
The last 8 months I have been working on this thesis. In the beginning, it was not easy to scope 
the research problem and to produce a valid database. But, it was interesting, fun, and have 
learned a lot about how to handle data.  During the process, I have learned how to pick the 
right data, merge data, and analyzing data. Furthermore, I have learned a lot about how to 
ǇǊƻŘǳŎŜ ǇǊŜŘƛŎǘƛƻƴ ƳƻŘŜƭǎΦ L ǿŀƴǘ ǘƻ ǘƘŀƴƪ ǎƛƴŎŜǊŜƭȅ ΨIŜƛƧƳŀƴǎΩ ŦƻǊ ƘŀǾƛƴƎ ƳŜΦ CǳǊǘƘŜǊƳƻǊŜΣ 
I want to thank my graduation committee for having the faith in me and that I could do it. And 
last but not least I want to thank my brother MSc. Quinten Boersma who has helped me during 
the process of this thesis. I sometimes felt lost and he always inspired me and gave me good 
feedback during the process.  
 
Jens Boersma, 
Rosmalen/Utrecht,  
April 2017  
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Summary 
 
In the Netherlands, a shift from traditional contract to maintenance contracts has taken place 
in the infrastructural sector. Therefore, contractors want to know how their product behaves 
over time. Due to the new contract forms, the contractors are responsible for the design, 
construction, financing, and maintenance of a project through these maintenance contracts. 
This implies that following this new contract design, the contractors, and no longer 
Rijkswaterstaat, are now responsible for the risks involved with a project.  
  
Having to work with this new contract format, contractors have an increasing interest in risk 
assessment regarding the degradation of asphalt and especially porous asphalt concrete 
(PAC). PAC is widely used as a surface pavement for highways due to its properties. Present, 
about 90% of the highways are provided with a PAC construction, this will increase in the 
future. PAC characteristic is that noise pollution decreases due by traffic. Furthermore, it is 
easier to drain water than dense asphalt concrete (DAC). These properties are caused by the 
fact that PAC constructions have a higher percentage of air voids. The disadvantage of PAC 
surface pavement is that it degrades faster over time. Furthermore, predicting the 
degradation risk over time of the surface pavement is at this moment not accurate. 
 
Literature research shows that traffic loading and environmental factors have the largest 
effect on degradation risk on PAC over time. These factors often cause a type of damage called 
'raveling'. Raveling is caused by the fact that the granule is forced-out from the binder. This is 
because the binder loses its flexibility over time due to traffic loading and environmental 
impact. 
 
This research focusses on how to predict the degradation caused by raveling. According to 
laboratory research, predicting what the degradation risks are for a longer time on PAC surface 
pavement due to sampling, is difficult. Therefore, in this study, a statistical method has been 
chosen to make a more accurate prediction of asphalt degradation over time. The question 
for that matter is; 'To what extent is it possible to predict the risk factor of excavation that 
affects the degree of degradation of asphalt on the highways in the Netherlands, based on 
external factors that affect the fatigue difference of the top layer?' 
 
The predictive model has been developed by combining different empirical data sets and 
plotting them over time. These data sets include; construction dates of the existing surface 
pavements of all highways in the Netherlands, type of asphalt, traffic loading in the 
Netherlands, local weather data, and the state of the asphalt through visual inspections. 
 
To merge the data sets, the software program 'Feature Manipulation Engine' (FME) has been 
used. This program is used to link information with each other. Asphalt is divided into 100-
meter tiles. The following information is linked to the 100-meter tiles subjects: Construction 
date, date of inspection, the number of days exposed to cold days colder than -10 Cº, the state 
of the asphalt at the time of inspection, and the traffic load that the 100-meter tile was 
exposed to during the life-cycle of the pavement. Furthermore, according to the literature 
truck traffic has the highest impact on the degradation on the surface pavement. Therefore, 
only the driving lanes that are used by truck traffic are used for this research. 
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The data acquired in this research shows significant scattering. Therefore, we applied a 
filtering technique in order to properly analyze the data. With this filtering technique, the 
correlation between environmental impact and traffic load over the time of degradation was 
analyzed. The data shows that these variables have a significant impact on the degradation of 
asphalt and that the amount of scattering increases over time. The data also shows that the 
traffic load has a bigger impact with respect to the effects of cold weather. However, the 
scattering, most likely caused by the initial state (quality) of the surface pavement remained. 
This implies that the produced plots and applied filtering technique were not accurate enough 
to produce a prediction model. Therefore, we have chosen to plot the measured data 
differently. In these new figures, we have chosen to plot moment where the asphalt has 
degraded so much that it no longer meets the requirements of the contract (fatigue failure). 
These plots filter out the scattering. The results show that traffic loading still has more impact 
than cold weather. The datasets which depict the impact of weather and traffic load together 
show no clear difference with respect to the datasets which only show the effects of traffic 
intensity. 
 
This way of plotting is used to produce a best-fit curve. In order to produce the best-fit curve, 
the cumulative beta distribution (cumulative distribution function (CDF)) is used. The fatigue 
failure ratio is easy to implement in the model. Furthermore, CDF is flexible and has a natural 
curve. The CDF model has been adapted as best-fit by means of a regression analyzes. In this 
research, we assess the standard divination of the measured data with the predictive model, 
using a moving average. This calculated error is then used in order create a Monte Carlo 
simulation which captures the scattering in the data. Furthermore, in all datasets, this error is 
greater than the difference between the scenario of Ψonly traffƛŎ ƭƻŀŘƛƴƎΩ and the scenarios of 
Ψtraffic loading combined with cold weatherΩ. These scenarios were implemented in a Monte 
Carlo simulation model to simulate the risk of fatigue failure ratio over time. 
 
The conclusion of the research depicts that the prediction model can predict that when the 
traffic load increases the risk of fatigue failure ratio over time increases. And that traffic 
loading has a more significant impact on the risk on fatigue failure ratio than cold weather. 
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Samenvatting 
 
Doordat er in Nederland een verschuiving heeft plaats gevonden van traditionele contract 
vormen naar onderhoudscontracten in de branche van de civiele uitvoering willen aannemers 
beter weten wat hun product is en hoe het zich gedraagt over de tijd. Dit komt door dat 
aannemers de verantwoordelijkheid krijgen over het ontwerp, bouwen, financieren, en het 
onderhouden van een project door deze onderhoudscontracten. Rijkswaterstaat legt de 
ǊƛǎƛŎƻΩǎ ŘƻƻǊ ŘŜȊŜ ŎƻƴǘǊŀŎǘǾƻǊƳŜƴ ōƛƧ ŘŜ ŀŀƴƴŜƳŜǊΦ 
 
Dit onderzoek focust ȊƛŎƘ ƻǇ ƘŜǘ ŦŜƛǘ Řŀǘ ŀŀƴƴŜƳŜǊǎ ǿƛƭƭŜƴ ǿŜǘŜƴ ƘƻŜ ŘŜ ŘŜƎǊŀŘŀǘƛŜ ǊƛǎƛŎƻΩǎ 
lopen van asfalt en dan met name zeer open asfalt beton (ZOAB). ZOAB wordt namelijk veel 
gebruikt als toplaag voor snelwegen door de eigenschappen. Op dit moment is ongeveer 90 
% van de snelwegen voorzien van ZOAB en dit zal alleen maar meer worden. ZOAB heeft 
namelijk als eigenschap dat het geluid reducerend werkt. Verder kan het gemakkelijker water 
afvoeren dan dicht asfalt beton (DAB). Deze eigenschappen komt omdat er grotere holle 
ruimte in ZOAB zitten. Het nadeel van ZOAB is dat het sneller degradeert en men niet accuraat 
kan voorspellen wanneer de vervangen dient te worden.  
 
Verkeersbelasting en milieubelasting zijn volgens de literatuur externe factoren die invloed 
hebben op het degraderen van ZOAB over de tijd. Deze factoren veroorzaken vaak een type 
ǎŎƘŀŘŜ ƎŜƴŀŀƳŘ ΨǊŀŦŜƭƛƴƎΩΦ wŀŦŜƭƛƴƎ ƻƴǘǎǘŀŀǘ ŘƻƻǊŘŀǘ ƘŜǘ ƎǊŀƴǳƭŀŀǘ ƭƻǎƭŀŀǘ Ǿŀƴ ŘŜ ōƛƴŘƳƛŘŘŜƭΦ 
Dit komt omdat het bindmiddel zijn flexibiliteit verliest over de tijd door verkeersbelasting en 
de milieubelasting. 
 
Dit onderzoek wil aan de hand van de externe factoren die invloed hebben op het degraderen 
Ǿŀƴ ½h!. ǿŀǘ ƘŜǘ ǎŎƘŀŘŜ ǘȅǇŜ ǾŜǊƻƻǊȊŀŀƪǘ ΨǊŀŦŜƭƛƴƎΩ te kunnen voorspellen. Dit is gedaan door 
eerst te kijken naar wat de literatuur hier over zegt. Volgens laboratorium onderzoek is het 
niet accuraat ǘŜ ǾƻƻǊǎǇŜƭƭŜƴ ǿŀǘ ŘŜ ŘŜƎǊŀŘŀǘƛŜ ǊƛǎƛŎƻΩǎ ȊƛƧƴ ƻǾŜǊ ŜŜƴ ƭŀƴƎŜǊŜ ǘƛƧŘ ǾƻƻǊ ½h!. 
monsters uit het veld. Daarom, is er in dit onderzoek een statistische methode gekozen om 
een nauwkeurigere voorspelling te kunnen maken van degradatie van asfalt over de tijd. De 
vraag die daar bij speelt is; 'In hoeverre is het mogelijk om de risicofactoren van rafeling te 
voorspellen die de afbraakgraad van de toplaag van asfalt op de snelwegen in Nederland 
beïnvloeden, op basis van externe factoren die invloed hebben op het vermoeidheidsverschil 
van de toplaag?' 
 
 Het voorspellende model is ontwikkeld doormiddel van verschillende empirische datasets 
samen te voegen en deze te plotten over de tijd. Deze datasets bevatten aan legdatums over 
de aanwezige toplagen van alle snelwegen in Nederland, type asfalt, verkeersbelasting in 
Nederland, weergegevens van weerstations, en de kwaliteit van asfalt doormiddel van visuele 
inspecties.  
 
Om de datasets samen te voegen het ǎƻŦǘǿŀǊŜ ǇǊƻƎǊŀƳƳŀ ΨCŜŀǘǳǊŜ aŀƴƛǇǳƭŀǘƛƻƴ 
EƴƎƛƴŜΩόCa9ύΦ Dit programma is gebruikt om informatie aan elkaar te linken. Asfalt is 
opgedeeld in 100 meter vakken. Aan deze vakken is de volgende informatie gelinkt; aanleg 
datum, datum van inspectie, aantal dagen dat de 100 meter vakken zijn bloot gesteld aan 
koude dagen kouder dan -10 Cº, de kwaliteit van het asfalt, en de verkeersbelasting waar het 
100 meter vak is aan bloot gesteld. 
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Voor het onderzoek alleen de rijbanen waar vrachtwagen verkeer gebruik van maakt is 
gebruikt omdat volgens de literatuur de vrachtwagens de meeste en het snelst schade 
aanrichten bij de toplaag van de asfalt constructie. Bij het analyseren van de data is er naar 
voren gekomen dat er een grote spreiding is in de gemeten data over de tijd. Daarom is er 
eerst gekozen om te kijken doormiddel van een filtering techniek te kijken over er correlatie 
tussen milieubelasting en verkeersbelasting met degradatie over de tijd. Hierin kwam naar 
voren dat dat zichtbaar is maar de spreiding bleef groot en bleef toe nemen over de tijd. Ook 
al, kan men zeggen dat verkeersbelasting een grotere impact heeft op de degradatie van asfalt 
over de tijd dan de weerbelasting de spreiding bleef te groot om een accurate 
voorspellingsmodel te kunnen maken met deze weergaven van de gemeten data te plotten. 
Om deze spreiding er uit te kunnen filteren hebben we gekozen om er anders naar te kijken 
en de gemeten data anders te plotten. Er is gekeken wanneer het asfalt zo erg gedegradeerd 
is dat het niet meer voldoet aan de eisen van het contract (vermoeidheidsuitval). Er is gekozen 
om de gemeten data te plotten  als vermoeidheidsprobleemverhouding over de tijd, om de 
spreiding er uit te filteren. Hier komt naar voren dat verkeersbelasting nog steeds meer impact 
heeft dan weersbelasting maar dan zonder de spreiding. Ook is er gekeken wat de impact is 
van als de twee factoren zijn samengevoegd. Hierin, is geen duidelijke significantie 
waargenomen. 
 
Deze manier van plotten is daarna gebruikt waarschijnlijkheidsmodel te produceren. Om dit 
te produceren de cumulatieve bèta distributie (cumulatieve distributie functie(CDF)) is 
gebruikt omdat de vermoeidheidsuitval is geplot als ratio en om zijn flexibele natuurlijke 
eigenschappen. Het CDF model is er als best fit ingepast doormiddel van een regressie analyse. 
De laatste stap in het proces is aangenomen dat de waarschijnlijkheidsmodellen waar zijn 
maar wel een standaardfout mee te nemen.  Omdat de standaardfout groter is dan het 
ǾŜǊǎŎƘƛƭ ǘǳǎǎŜƴ ŘŜ ǎŎŜƴŀǊƛƻΩǎ Ǿŀƴ ŀƭƭŜŜƴ ǾŜǊƪŜŜrsbelasting en als de weersbelasting is 
ǘƻŜƎŜǾƻŜƎŘ ƛƴ ƘŜǘ ǎŎŜƴŀǊƛƻΦ Lǎ ŜǊ ƎŜƪƻȊŜƴ ƻƳ ŀƭƭŜŜƴ ŘŜ ǾŜǊƪŜŜǊǎōŜƭŀǎǘƛƴƎ ǎŎŜƴŀǊƛƻΩǎ ǘŜ 
gebruiken om in een Monte Carlo simulatie te stoppen.  
 
Uit het waarschijnlijkheids simulatiemodel kan worden geconcludeerd dat als de 
verkeersbelasting toeneemt het risico op vermoeidheidsuitval eerder plaats vind over de tijd. 
En dat verkeersbelasting een significantere impact heeft op het risico op vermoeidheidsuitval 
dan weers impact.   
 

 

 

 

 

 

 

 

 



   

10 

 

10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

11 

 

11 

Abstract  
 
In The Netherlands new contract forms have emerged. Rijkswaterstaat (RWS) is the executive 
ŀƎŜƴŎȅ ƻŦ ΨaƛƴƛǎǘǊȅ ƻŦ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘΩ and is in charge of the infrastructural 
national network in the Netherlands. RWS wanted to shift the risks of projects from RWS to 
the contractors because contractors have the knowledge to construct and manage projects. 
Due to this new development, contractors need to shift their focus from merely construction 
of the motorways to construction and maintenance of the motorways. This means that 
contractors needed to understand how the pavement construction of the motorways behaves 
during its life-cycle. Therefore, contractors want to know what the life-expectancy is of 
pavement constructions, and in particular the surface pavement. Raveling is one of the main 
damage types that causes degradation on the surface pavement in The Netherlands on 
motorways. Currently, there are no practical models or tools available for understanding the 
risks of maintaining a surface pavement. However, Heijmans has a method which empirically 
assesses this risk. This reseŀǊŎƘ ǿƛƭƭ ǳǎŜ ǘƘƛǎ ƳŜǘƘƻŘ ŎŀƭƭŜŘ ΨIŜƛƧƳŀƴǎ ƭƛŦŜ-ŎȅŎƭŜ ƳŀƴŀƎŜƳŜƴǘΩΦ 
This research focuses on producing an empirical database ǿƛǘƘ ŀ ǎƻŦǘǿŀǊŜ ǘƻƻƭ ŎŀƭƭŜŘ ΨǘƘŜ 
Feature Manipulation Engine (FME). This tool is used to merge different datasets into one 
database. With this database, two filtering techniques are produced which can assess the 
degradation risk. The first technique involves plotting the degradation of the surface 
pavement over a lifetime and the second technique depicts the fatigue failure ratio of the 
surface pavement over a lifetime. With plotted data of fatigue failure ratio over time, a 
probability beta distribution curve is constructed to produŎŜ ŀ ǇǊƻōŀōƛƭƛǘȅ ΨaƻƴǘŜ /ŀǊƭƻΤ 
simulation model to predict fatigue failure ratio of surface pavement. The results show that 
the first plotting technique shows too much scattering over time in order to produce a 
predictive model. The second, however, is in able to filter out the scattering and can be used 
for the predictive model. The results also show the effects of cold weather is neglectable with 
respect to the impact of traffic loading. Finally, our predictive model shows that high traffic 
intensity results in a rapid increase in failure at 4.8 years, in moderate traffic intensity this 
moment occurs at 5.6 years and for low traffic intensity this moment occurs at 7.1 years.     

Interview with experts 
 
To optimize the argumentation of different subjects in this thesis, various experts have been 
consulted. These experts are consulted because of the lack of literature. ΧΦΦ The first expert 
that has been consulted is Arthur Tameling. He works at Heijmans at the Department of 
Heijmans infra asset management and acquisition as a project manager.  He is an expert in the 
topic contract forms. The second expert that is consulted is Wouter Heijser. He works at 
Heijmans as well at the Department of Heijmans infra road construction as an Advisor. He is 
an expert in the topic of PAC constructions. The third expert that is consulted is Rob 
Kuppeveld. He works at Heijmans at the Department of Heijmans infra road construction as 
an advisor as well. He is an expert in the topic visual inspections. The last expert that has been 
consulted is Teun Schutte. He works at Heijmans as well at the Department Heijmans infra 
management and maintenance as a project manager. He is an expert in risk management. In 
Appendix B you will find all the interviews. 
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1 Introduction 
 
Rijkswaterstaat (RWS) ƛǎ ǘƘŜ ŜȄŜŎǳǘƛǾŜ ŀƎŜƴŎȅ ƻŦ ΨaƛƴƛǎǘǊȅ ƻŦ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘΩ 
in charge of the infrastructural national network in the Netherlands. RWS is responsible for 
construction and the maintenance of the national road network of The Netherlands. RWS is 
not the stakeholder that does the construction and maintenance by themselves of the road 
networks, but the physical with respect to construction and maintenance are executed by 
contractors. ¢Ƙƛǎ ǿŀȅ ƻŦ ǿƻǊƪƛƴƎ ƛǎ ǊŜŎƻǊŘŜŘ ƛƴ Ψ¢ƘŜ ¦ƴƛŦƻǊƳ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ /ƻƴŘƛǘƛƻƴǎ ŦƻǊ ǘƘŜ 
Execution of Works 1989 (UAV, 1989ύΩΦ ¢Ƙƛǎ ƛǎ ŀ ǎǘŀƴŘŀǊŘ agreement between a client and the 
contractor that is used in the construction industry. It regulates a contractor building contract 
between parties. Furthermore, the UAV regulates the contractual relationship between the 
client and the contractor. This reƭŀǘƛƻƴǎƘƛǇ ŦƻǊƳ ƛǎ ŎŀƭƭŜŘ ŀ ΨǘǊŀŘƛǘƛƻƴŀƭΩ ǊŜƭŀǘƛƻƴǎƘƛǇΦ In this 
form, the client asks a contractor to be responsible for the construction of a project or 
maintenance of a project.  
 
Today, maintenance for the surface pavement construction has a high priority for RWS. 
Therefore, divers maintenance contracts exist between RWS and contractors for maintaining 
surface pavement constructions (A. Tameling, personal communication. March 16, 2017). 
RWS wants to achieve long-term quality of infrastructural projects, lower the costs and time 
overruns (D.J.R. (Dirk-Jan Rijke) Vinke, 2013). Moreover, RWS wants to cut the cost in their 
own organization and deliver more quality at their core tasks. Therefore, RWS created a new 
credo Ψmarkt, tenzijΩ (the market unless). This credo means that RWS shifted the traditional 
tasks like construction, maintenance of infrastructural projects to the private market. To 
realize this shift, a new contract form was used: Design, Build, Finance, and Maintenance 
(DBFM) (Eversdijk & Korsten, 2009). This implies that it is important for contractors to 
understand the degradation behavior of asphalt during its life-cycle. 
 
In The Netherlands, Porous asphalt concrete (PAC) is the main used mixture of surface 
pavement, significantly. The major reason for this widespread use is that PAC has the ability 
to significant reduce the noise level that is produced by cars, and trucks tires at speeds higher 
than 50 km/h. PAC is a cheaper solution to reduce traffic noise than other options, like noise 
barriers. The noise reduction is done, due to the high population density. Furthermore, people 
live very close to the main roads in The Netherlands (Hagos, 2008). Therefore, due to the 
properties of PAC, more than 90 % of the highways in The Netherlands has a surface pavement 
constructed these days (Y. Zhang, van de Ven, Molenaar, & Wu, 2016).  
 
The aging of the PAC mixture surface layer is due to entering of oxygen, light, and water into 
the pavement construction. This causes changes in the properties of the binder (Francken, L., 
Vanelstraete, A., and Verhasselt, 1997), which leads to durability issues by which the mixture 
will be more sensitive to traffic and climatic loading (L. T. Mo, Huurman, Wu, & Molenaar, 
2007). The dominant damage type that influences the degradation of the surface pavement is 
ŎŀƭƭŜŘ ΨravelingΩ   (Miradi, 2004b)Φ ΨwŀǾŜƭƛƴƎΩ ƛǎ ŀ ǘȅǇŜ ƻŦ ŦŀƛƭǳǊŜ ǿƘŜǊŜ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ǇŀǊǘƛŎƭŜǎ 
get loose of the adhesion composition of bitumen and aggregate. The failure mechanism is 
due to the axle load in a combination of the stress of the tires that scull on the surface layer 
of the pavement (L. T. Mo, Huurman, Wu, & Molenaar, 2008). Furthermore, environmental 
load and quality of the PAC construction due to construction are important factors (Hagos, 
2008).  
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Laboratory aging methods on surface pavement do not simulate field aging of PAC 
constructions. The results show that laboratory aging is not capable of simulating more than 
3 years of field aging. The UV light + humidity cannot be simulated in respect to field aging 
(Hagos, 2008).  
 
The aim of this research is to predict the influence of the two parameters traffic load and 
environmental load on PAC surface pavement by producing a statistical probability model over 
time based on empirical data. According to Henning and Roux (2012), there are no long-term 
statistical performance models that can predict the influence of traffic load and environmental 
load over time on the deterioration of the PAC surface pavement (Henning & Roux, 2012). The 
model that they developed, could only predict raveling due to traffic loading. In this model, 
no environmental load was included. Opera and all (2016) established to produce an 
environmental load predictive model in a statistical way (Opara, Skakuj, & Stöckner, 2016). By 
monitoring the PAC surface pavement during winter and summer, these authors have 
produced a probability model for raveling. This thesis will aim to merge the two parameters 
and will make a new probability model.       
 

1.2 Problem Definition research and Research design 
 
The maintenance part of DBFM contract is a crucial part for contractors. Contractors want to 
map the life-cycle of, the surface pavement. This will give the contractors a better view of the 
degradation curve of surface pavement and is it possible to lower the risk for the contractor. 
To do so, it is important for contractors to understand the life-cycle of the surface pavement, 
so the contractors can predict the lifecycle of the surface pavement. The parameters 
ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘΩΣ ΨǘǊŀŦŦƛŎ ƛƴǘŜƴǎƛǘȅΩΣ ŀƴŘ Ψǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ŀǎǇƘŀƭǘΩΣ plays a crucial role in 
the life-ŎȅŎƭŜ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ǇŀǾŜƳŜƴǘ ŎƻƴǎǘǊǳŎǘƛƻƴΦ ¢ƻ ǘƘŜ ƭŀŎƪ ƻŦ ŜƳǇƛǊƛŎŀƭ Řŀǘŀ Ψǉǳŀƭƛǘȅ ƻŦ 
ǘƘŜ ŀǎǇƘŀƭǘΩ ƛǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ this research. In this research, we try to an extent whether it is 
possible to predict the risk factor of raveling and its influence on the degradation curve of the 
surface pavement highways within The Netherlands. We will focus on the influence of external 
factors such as climate impact and traffic intensity. Therefore, the research question will be:   
 
ΨWich extrernal factors have the highest impact on raveling that influences the degradation 
curve of surface pavement at highways in The Netherlands? And what is the risk impact of the 
external factors on the fatigue failure of the ǎǳǊŦŀŎŜ ǇŀǾŜƳŜƴǘΚΩ 
 
To do so, a database is constructed, with empirical data. In this database, the following factors 
need to be implemented; a spatial dataset of all the PAC surface pavement highways in The 
Netherlands, local weather forecast, traffic intensity, and visual inspection on the surface 
pavement. The last dataset ƛǎ ǇǊƻǾƛŘŜŘ ōȅ ŀ ŎƻƴǘǊŀŎǘƻǊ ΨIŜƛƧƳŀƴǎΩΦ IŜƛƧƳŀƴǎ who does visual 
inspections on surface pavements. Experts from this contractor add a degradation value to 
the surface pavement according to the matrix DWW-Wijzer. Heijmans then have their own 
ƳŀǘǊƛȄΣ ŎŀƭƭŜŘ ΨIŜƛƧƳŀƴǎ ƭƛŦŜ-ŎȅŎƭŜ ƳŀƴŀƎŜƳŜƴǘΩΦ ¢Ƙƛǎ ƳŀǘǊƛȄ ƛǎ ōŀǎŜŘ ƻƴ ŀƴ analyzing 
ǘŜŎƘƴƛǉǳŜ ŎŀƭƭŜŘ ΨCŀƛƭǳǊŜ ƳƻŘŜΣ ŜŦŦŜŎǘǎΣ ŀƴŘ ŎǊƛǘƛŎŀƭƛǘȅ ŀƴŀƭȅǎƛǎΩόCa9/!ύΦ ¢Ƙƛǎ Ca9/! ƳƻŘŜƭ 
Ŏŀƴ ǘǊŀƴǎŦƻǊƳ ǘƘŜ Ψ5²²-²ƛƧȊŜǊΩ ǾŀƭǳŜ ƛƴǘƻ ŀ Ǌƛǎƪ ǾŀƭǳŜΦ These two matrixes will be explained 
ƛƴ ǘƘŜ ƴŜȄǘ ŎƘŀǇǘŜǊ Ψ/ƻƴŎŜǇǘǳŀƭ ŦǊŀƳŜǿƻǊƪΩΦ Furthermore, there also will be sub-questions 
answered during this research thesis; 



   

15 

 

15 

 
- Ψ²ƛǘŎƘ ƻŦ ŜȄǘŜǊƴŀƭ ŦŀŎǘƻǊǎ ƘŀǾŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǘƘŜ Ƴƻǎǘ ƛƳǇŀŎǘΚΩ 

 
- Ψ²ƛǘŎƘ ƻŦ ŜȄǘŜǊƴŀƭ ŦŀŎǘƻǊǎ Ƙave according to the risk ƳƻŘŜƭ ǘƘŜ Ƴƻǎǘ ƛƳǇŀŎǘΚΩ 

 

1.3 Expected results 

 
The expected results of this research are to produce a prediction model that can prodict the 
risk of faituge failure over time on surface pavement caused by independent variables traffic 
load and environmental impact (cold weather). This will be realized by merging spatial 
datasets and plot the spatial datasets over time. The dataset is than the input for a simulation 
model. The output of the simulation model will produce a risk model of fatigue failure over 
time for different scenarios. 
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2. Literature study   
 

This chapter depicts an overview of recent developments in the literature. The overview 
ŘƛǎŎǳǎǎŜǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀ ƳŀƛƴǘŜƴŀƴŎŜ ŎƻƴǘǊŀŎǘ ƴŀƳŜŘ Ψ5ŜǎƛƎƴΣ .ǳƛƭŘΣ CƛƴŀƴŎŜΣ ŀƴŘ 
aŀƛƴǘŀƛƴΩΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ŦŀƛƭǳǊŜ ƳŜŎƘŀƴƛǎƳ ΨravelingΩΣ ŀƴŘ ǘƘŜ ƛƴŦƭǳŜƴŎŜǎ ǘƘŀǘ 
cause this failure. The last overview that will be described is the development of statistical 
models of degradation on the surface pavement. 
 

2.1  Ψ5ŜǎƛƎƴΣ .ǳƛƭŘΣ CƛƴŀƴŎŜΣ ŀƴŘ aŀƛƴǘŀƛƴΩ ŎƻƴǘǊŀŎǘǎ ƛƴ ¢ƘŜ bŜǘƘŜǊƭŀƴŘǎ 
 
This subchapter describes the use of Build, Design, Finance, and Maintain (DBFM) contracts in 
The Netherlands. As earlier mentioned, RWS is a key player that is the executive agency of 
ΨaƛƴƛǎǘǊȅ ƻŦ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘΩΣ ŀƴŘ ƛǎ ƛƴ ŎƘŀǊƎŜ ƻŦ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŀƭ ƴŀǘƛƻƴŀƭ 
network in the Netherlands. The combination of all four disciplines is a unique way of working 
with a private-public partnership (PPP). A DBFM contract is initiated by RWS, however, RWS 
does not fully specify the demands of the project. The contract form forces RWS to describes 
the requirements on a functional level. This gives the private party the necessary space to 
design a solution that meets the functional requirements (see figure 2.1) (Vervoort, 2013). 
Furthermore, during the design phase, the private party also should take into account the 
construction, finance, and, maintenance phases of the project. This is due to, that the private 
party must settle the complete project that generally lasts between twenty and thirty years 
(Vervoort, 2013). This means the DBFM contract form, shifts the traditional tasks to the 
private party. The private party is then responsible for the design, construction, finance, and 
the maintenance of the project. This mains that RWS has contact with just one party who is 
responsible for the complete realization and maintenance of the project. RWS advantage of 
the DBFM contract form is with complex planning issues the controlling of time, money, risks, 
and reduce uncertainties (Eversdijk & Korsten, 2009).  
 

 
Figure 2.1: Scheme plot of key players in a DBFM contract (syndeks, 2017) 
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The combination of design, construct, finance, and maintenance of a project is for private 
parties a new way of working. With traditional contracts, different disciplines tendered 
separately. This mains that there was no impulse for contractors to invest in optimal life-cycle 
in cost assessment, like in material use, process, and asset management, etc. (Eversdijk & 
Korsten, 2009).  
 
Due to lack of impulse, before the DBFM contracts were introduced, the maintenance part of 
the contract is essential for the contractor to a DBFM contract (A. Tameling, Personal 
conversation, March 16, 2017). The investment of the design and construction need to be in 
optimal balance with life-cycle of the project, so the contractor has the optimal maintenance 
cost during the contract period. 
 
To find the optimal balance in the life-cycle of the project during the contract period, empirical 
data need to be collected to predict the life-cycle of the surface pavement. So that, the risk 
for a contractor during the maintenance period can be minimized. The problem is that 
contractors do have empirical data collected but do not have a structured database. 
Therefore, a dataset needs to be constructed to driven predictions about life-cycle of the 
surface pavement (A. Tameling, Personal conversation, March 16, 2017).  
 

2.2 Porous asphalt concrete  
 

Asphalt (or bitumen in the European Union (EU)) is a residual product from the non-
destructive distillation of crude oil. Asphalt is mainly used in paving the roads (Abrahem, 
1938).  

Until the 1980s asphaltic surfaces were laid directly on sand beds. 
After the 1980s foundations were being used to reduce the 
asphalt thickness. The pavement construction of the highways 
nowadays usually consists of 30 centimeters of asphalt (four 
layers of dense asphalt with a PAC construction that is used as a 
surface layer) (see figure 2.2). The asphalt layers are stabilized on 
a foundation of the aggregate mix. Highways that are constructed 
in the past, usually have an approximate thickness of 40 
centimeters (Nijssen, Wilfred A M G, Marc J.A. Stet, Wim A. 
Kramer, n.d.). As earlier mentioned in The Netherlands, PAC is the 
main used mixture of surface pavement, due to the abilities of 
noise reduction. Moreover, compare the PAC mixture to dense 
asphalt concrete (DAC) mixtures, who have not these abilities, 
due to the air voids in the mixture. DAC mixtures contain an air 
void percentage between 3 and 5 %. PAC mixtures though have 
an air void percentage between 20 and 27 %. Due to the dense  
 

Figure 2.2: Standard asphalt paving construction in the Netherlands (Nijssen, Wilfred A M G, Marc 
J.A. Stet, Wim A. Kramer, n.d.). 
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a mixture of DAC, the binder film thickness covering the aggregates is thicker. The result of 
this covering of the aggregates has an influence on the aging of the surface layer of the 
pavement construction (Kandhal & Chakraborty, 1996). 
 
The aging of the PAC mixture surface layer is due to entering of oxygen, light, and water into 
the pavement construction. This causes changes in the properties of the binder (Francken, L., 
Vanelstraete, A., and Verhasselt, 1997), which leads to durability issues by which the mixture 
will be more sensitive to traffic and climatic loading (L. T. Mo et al., 2007). The binder or also 
called bituminous mortar is a mixture of a filler, fine sand fraction, and bitumen (Hagos, 2008).  
The aging of the binder has an influence on the lifecycle of the PAC surface pavement. The 
average service life is lower than the average service life of DAC. 

 
Figure 2.3: Schematic description of the degradation curve of PAC (Hagos, 2008). 

 
Figure 2.3 shows a degradation curve of a PAC surface pavement construction. The curves are 
performance lines and display the lifecycle of the surface pavement construction. The 
dominant damage type that influences the degradation of the surface pavement is called 
ΨravelingΩ   (Miradi, 2004b)Φ ΨwŀǾŜƭƛƴƎΩ ƛǎ ŀ type of failure where the aggregate particles get 
loose of the adhesion composition of bitumen and aggregate. The failure mechanism is due 
to the axle load in a combination of the stress of the tires that scull on the surface layer of the 
pavement (L. T. Mo et al., 2008). The bituminous mortar binding absorbs the high traffic load 
as displayed in, figure 2.5. The plot exposes a situation before the load and when the load 
appears. This failure mechanism is a very common failure in PAC constructions ((L. Mo, 
Huurman, Wu, & Molenaar, 2014), (for a brief overview of other damage types see Appendix 
A)). Furthermore, up to 90 percent of the fatigue failures of the surface layers of PAC is raveling 
(Opara et al., 2016). Therefore, when raveling is initiated on the pavement the deterioration 
appears rapidly (see figure 2.4).  
 

2.3 Environmental impact and traffic loads 

 
According to M. Huurman et al (2010), the highest impact of environmental loading factor on 
the degradation of the road surface is a low temperature. This low-temperature influences 
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raveling in two ways. First, the presence of salt brine, which depresses the freezing point 
below zero, causes a cycle of constant freezing and un-freezing. This leads to the frequent 
exertion of mechanical forces in the surface pavement construction. The second influence is 
mainly caused by the decrease of relaxation potential of aged mortar of the PAC construction. 
The binder of the surface pavement is getting more brittle during aging (M. Huurman, Mo, & 
Woldekidan, 2010). Furthermore, according to Miradi (2004a), the pavement construction will 
become more sensitive to cold days when the asphalt ages. Huurman et al (2010) discovered 
that when the bitumen ages and the temperature drop to -10 ºC the stress on the bitumen 
increases significantly. Therefore, they argued that the relaxation behavior of bituminous 
mortars degrades as temperatures decreases.      
 
 

  
Figure 2.4: Schematic plot of PAC performance relative to dense asphalt (Hagos, 2008). 

Figure 2.5: The effect of loading on a PA structure (R. M. Huurman, Mo, & Medani, 2007). 
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Traffic load has by far the highest impact on fatigue damage (ΨravelingΩ) and it is depended on 
the use. Traffic load is divided into two influential groups, named heavily loading lanes and 
lightly loaded lanes (Vervoort, 2013). This research is focusing on the heavily loaded lanes due 
to the fact that these lanes show by far the most raveling. Commercial trucks with an axel 
loads of 100kN cause the most degradation on the surface pavement (M. Huurman et al., 
2010). The mechanism of the failure on the pavement is the combination of stresses that 
occurs just after a tire passes over a particle (L.T. Mo et al (2007) (see figure 2.5). At that 
moment, minor tension in combination with shear stress is affecting the contact area. Based 
on these studies it can also be said that the bitumen in the pavement becomes more sensitive 
to tire stresses during aging as well as with colder temperatures. 
 
Another important factor which is of significant impact on the bad performance of PAC surface 
pavement construction is poor workmanship during construction (Hagos, 2008). These 
authors showed that, for poorly constructed asphalt, the binder ages faster, and therefore, 
has an influence on the aging of the PAC construction. The lifespan of PAC can be low as 4 
years (Hagos, 2008) (see figure 2.3). The binder ages faster due to a virility of factors (Hagos, 
2008); 

- Variations during the production of the asphalt mixture; 
- Segregation of the aggregates and dripping off of the mortar during transportation and 

construction of the surface pavement mixture; 
- Poor control of temperature during construction; 
- Moisture issues in asphalt mixture due to the environment (Opara et al., 2016).    

 
In this thesis, the focus will not be on the external factors of the quality of the asphalt during 
construction time due to the lack of empirical data.  
 

2.4 Statistical methods of external factors that have an impact on the degradation 

of surface pavement  

 
As earlier mentioned, laboratory experiments are not capable of accurately simulating PAC 
field aging for more than 3 years. Variables like UV light and humidity cannot be simulated in 
respect to field aging (Hagos, 2008) (L. T. Mo, Huurman, Wu, & Molenaar, 2011).  
 
Therefore, this research is aiming to make use of a statistical approach in order to predict the 
degradation of the surface pavement because of raveling. According to D. Bouwmeester at al, 
(2004) a probability approach will provide better life-cycle information on surface pavements 
with respect to normal deterministic laboratory methods. This is because of a few advantages; 
the most prominent one being is that we can investigate how raveling is influenced by each 
variable. This is possible due to the factors that are directly accounted in the model (Opara et 
al., 2016). Furthermore, the statistical approach can quantify the importance of different 
factors, and relationships between these factors. This approach is done by using an 
exploratory analyzing method. The approach produces an overview of the dataset, such as 
distributions and apparent relationships between the traffic load and time factors (Henning & 
Roux, 2012). The datasets contain spatial data such as age surface pavement, surface 
pavement type, traffic network (traffic load), location surface pavement, and the condition of 
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the surface pavement. The datasets showed by Opara et al., (2016) contain spatial data, air 
temperature, the cause of the degradation of the pavement, surface pavement type, location, 
and the condition of the pavement. The statistical models that are developed by Opara et al 
(2016) and Henning & Roux (2012) try to capture the influence of traffic load and 
environmental load separately.  
 
Opara et al., (2016) and Henning & Roux (2012) used a linear regression approach in order to 
produce a probability. This approach shows a better understanding of the overall data 
ŎƻƳǇƻǎƛǘƛƻƴΣ ǎǳŎƘ ŀǎ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀƴŘ ŀǇǇŀǊŜƴǘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǾŀǊƛŀōƭŜǎ ŀƴŘ άǿƘŀǘ-
ƛŦέ ŀƴŀƭȅǎŜǎΦ In this research, we will make use of a regression model as well, due to the fact 
that a regression model can capture relationships between variables such as traffic loading 
and environmental impact.  
 
Henning & Roux (2012) probability results show that the probability of raveling is 0.5 at 6 years 
because of traffic loading (see figure 2.6). Furthermore, they find out that low volume roads 
ravel faster than high volume roads. This is opposite what they expected. Therefore, in this 
research will make use of 3 groups of traffic loading; light, moderate, heavy, to capture this 
expectation and combine this traffic loading with environmental loading.  
 

Figure 2.6: Predicting raveling initiation for PAC surface pavement (Henning & Roux, 2012) 

 
In this research, we try to combine the impact of cold weather and traffic intensity in one risk 
model. Furthermore, according to Henning & Roux (2012), it is clear that there is a common 
need to understand the risk of failure more than know the deterioration over time. Therefore, 
ǘƘƛǎ ǊŜǎŜŀǊŎƘ ƛǎ ǘǊȅƛƴƎ ǘƻ ŎŀǇǘǳǊŜ ǘƘƛǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ōȅ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ǘƘŜ ΨǾƛǎǳŀƭ ƛƴǎǇŜŎǘƛƻƴs. 
The visual inspections are performed in respect with tƘŜ Ψ5²²-wijzerΩ that is developed by 
RWS (Doorduijn et al., 1994). The development of the classification system is established due 
to expert consultancy. The experts developed the tool by means of visual inspections. Due to, 
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the lack of experience and knowledge, the experts did not add weight factors to classify the 
damages. Their recommendation in 1994 was to analyze whether it was necessary to add 
weight factors to the classification tool. This could lead to a more accurate classification tool 
(Doorduijn et al., 1994). ΨHeijmansΩ developed such a tool in 2012 and added weight factors 
to the model by using the FMECA method (T. Schutte, personal communication. March 14, 
2017). The model is used to plot risk of fatigue failure over time (see Chapter 4, Results).  
 

2.5 Conclusion  
 
In the first section of this chapter, the DBFM contract form and their impact on contractors 
who operate in the infra technical environment are explained. Due to the new contract form, 
the risk of finance and maintenance of the projects shift from the client to contractors 
(Eversdijk & Korsten, 2009). Therefore, contractors want to reduce risks during maintenance 
of infrastructural projects. Due to, the lack of knowledge of surface pavement behavior during 
their life-cycle the focus of the contractors is to map the degradation of surface pavement 
over time. 
 
In The Netherlands, 90 % of the surface pavement is carried out in PAC construction (Hagos, 
2008). The performance over time of the PAC pavement is lower than DAC pavement 
constructions (Hagos, 2008). Therefore, contractors want to know what the average lifespan 
is of PAC pavement constructions and what is the impact of external factors on the life span 
of the pavement construction. External factors like environmental load and traffic load have 
a significant impact on degradation (M. Huurman et al., 2010).     
 
This research is focusing on to produce a statistical risk of fatigue failure over time model for 
PAC surface pavement. This will be realized by making use of a statistical approach. In the 
method that is used is the classification system of RWS the base. The classification will be 
linked to the surface pavement as well the impact of external factors such as environmental 
factors and traffic loading. Due to, the fact that these factors have the most impact on the 
degradation of the surface pavement (Vervoort, 2013)(M. Huurman et al., 2010). 
Furthermore, these external factors are separate obseverd and analyzed with statistical 
methods (Henning & Roux, 2012)(Opara et al., 2016). In this research, the aim is to combine 
these external factors and produce a prediction risk model with bove independent veriables 
in the model.  
 

 

 

  

 

 

 

 

 



   

24 

 

24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

25 

 

25 

3. Theoretical Framework 
 
In this chapter, the theoretical framework will be described. Figure 3.1 shows the methods 
that are used for achieving the goal for producing a prediction model for raveling over time. 
To realize this prediction model, empirical data is needed to structure the model. As was 
described in the previous section, different variables are responsible for the fatigue failure of 
raveling, which is: Traffic intensity, environmental impact, quality of the construction phase 
of surface pavement, and aging of the surface pavement. 
 
As earlier mentioned not all important factors can be implemented in the model. For instance, 
because of the lack of empirical data, the quality of the construction phase of the surface 
pavement is not included. Furthermore, this initial parameter is believed to be of significant 
impact on the degradation of asphalt (Kuennen, 2013). However, monitoring of initial asphalt 
quality during the construction phase is still under development (W. Heijsser, personal 
communication. March 13, 2017). Unfortunately, surface pavement that is monitored is too 
young to include in the model (W. Heijsser, personal communication. March 13, 2017). 
 
Therefore, factors that are included in the model are traffic intensity, environmental impact, 
and aging of the surface pavement (see figure 3.1).  
 

 
Figure 3.1: Scheme conceptual framework description (data approach)  

 

3.1 The datasets that are implemented in the model 
 
This subchapter is about the different datasets that are used to produce a merged dataset 
that will be used to make a prediction model. In the datasets that are used variants 
independent and dependent variables will be collected to produce this prediction model. The 
following subchapters will be about the datasets that are collected for the management and 
manipulation tool; surface pavement of all the highways in The Netherlands, a spatial dataset 
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of the independent variable environmental impact, a spatial dataset of the independent traffic 
intensity, and the visual inspections of the dependent variable of the surface pavement.    
 

3.1.1 Dataset surface pavement 

 
The dataset of the spatial surface pavement is ŎŀƭƭŜŘ ΨYŜǊƴDL{ΩΦ ¢Ƙƛǎ ŘŀǘŀǎŜǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ 
national road system of The Netherlands and is a geographic information system (GIS) based 
in ArcGIS. The product of KernGIS is a digital map in which, objects are exposed as points, lines, 
or polygons. This dataset is updated every year. This research is using the last update from 01-
09-2016 (Rijkswaterstaat, 2016b). The attributes of the objects are displayed in a table when 
the user clicks on the object. These attributes show; date of construction, pavement type, 
driving direction, location, and hector-values. Due to these abilities, the dataset can be used 
for analyzing. The use, of KernGIS, is primarily to manage the maintenance of the national 
motorways and national waterways. Furthermore, KernGIS is used to source the Network 
Information System (NIS), for RWS. So, RWS can manage the performance of their 
administrative tasks (Rijkswaterstaat, 2017).       
 

3.1.2 Traffic intensity dataset 

 
The data of the traffic loading on the highways is collected by RWS as well. The dataset is 
called (Dutch: INtensiteit op WEgVAkken (INWEVA)), (Rijkswaterstaat, 2016a). Approximately 
3000 road sections are stored in the dataset. In these road sections, the traffic intensity is 
monitored. The rest of the road sections have been estimated according to traffic models.  The 
scope was to measure the intensity of the traffic is all the carriage lanes, access ramps and 
exits, parallel lanes, and connection roads. The dataset produces a yearly mean per section. 
The set is further disaggregated in working days and weekdays. Furthermore, is the set 
disaggregated in morning-, evening period and vehicle classes (light, average and heavy). The 
dataset is updated every year and is available since 2012 (Rijkswaterstaat, 2016a).    
 
The vehicle class that is used for this research is heavy traffic. Vehicles that belong in this 
classification are eleven meters in length or more and have an axle load of 100 kN per axle or 
more. In the software tool, INWEVA this class is expressed as ΨL3Ω. This assumption is chosen 
due to the literature (M. Huurman et al., 2010). This Ψ[оΩ class is according to the literature the 
cause of raveling of the surface pavement. Furthermore, the lane where the heavy traffic 
generally travels is the outer lane. Therefore, is the scope narrowed down to only the outer 
lane of the highway.  
 

3.1.3 Temperature dataset 

 
The dataset of the environmental temperature in The Netherlands is derived from Royal 
Netherlands Meteorological Institution (Dutch: Koninklijk Nederlands Meteorologisch 
Instituut (KNMI)). KNMI is an institution that is forecasting the weather, monitoring the 
weather, climate, air quality and seismic activities (Koninklijk Nederlands Meteorologisch 
Instituut, 2016). KNMI collects all the data in their data center. The weather is monitored in 
The Netherlands by 325 weather stations. The first monitoring was done on 01-01-1901 in ΨDe 
BiltΩ. The weather station is still monitoring till this present day. The weather stations are 
monitoring different parameters, such as maximum temperature, lowest temperature, wind 
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speed, hours of sunshine, air pressure, and humidity. The scope of the monitoring will be 
narrowed to the lowest temperatures, because lowest temperatures have the highest impact 
on degradation on the surface pavement according to Huurman et al., 2010. Therefore, the 
model will make use of days that have a temperature -10 Cº or lower (Opara et al., 2016).  
Figure 3.2 displays an example of 2 weather stations, called Ψ9ƛƴŘƘƻǾŜƴΩ ŀƴŘ Ψ5Ŝ .ƛƭǘΩ, which 
show the amount of days that exposes temperatures that have -10 C° or lower in a year. In 
this model 24 weather stations are included, which are located all over The Netherlands. 

 
Figure 3.2: Graph where 2 weather station displays the amount of days in a year, where the 
temperature is below -10C°. 

 

3.1.4 Visual inspections 

 
The most important dataset that will be added to the model is ǘƘŜ ΩǾƛǎǳŀƭ ƛƴǎǇŜŎǘƛƻƴǎΩΦ This 
dataset contains the state of the surface pavement. The dataset contains the following data; 
inspection dates, degradation classification, hector-value, driving direction, lane, the cause of 
degradation (if there is degradation), and location.  The visual inspections are produced by 
ΨIŜƛƧƳŀƴǎΩ. Due to, the change of the contract forms the contractors are responsible for the 
visual inspections. The visual inspections are mainly done behind a monitor. A third party 
called ΨCyclomediaΩ provide the footage for inspecting the surface pavement. This footage is 
executed by car, with on top a 360° camera. However, the problem of the visual inspections 
is that ΨIŜƛƧƳŀƴǎΩ inspect the surface pavement once. This provides the problem that a tile of 
surface pavement is not monitored during its life-cycle. This is because that contractors work 
behavior is more in respect to the older traditional contract forms. Therefore, there is no 
monitored measured dataset that can be used for this research (R. Kuppeveld, personal 
communication. March 13, 2017). However, if you use all different data points you can 
produce a degradation curve. This technique will be further explained in the subchapter Ψ3.3 
analyzing manipulated data and making assumptionsΩΦ  



   

28 

 

28 

 
The visual inspections are produced according to instructions of RWS. RWS provides an 
instruction manual that is called DWW-wijzer (Appendix C, DWW-wijzer). In this document 
Ψ5²²-²ƛƧȊŜǊΩ ƛǎ a guideline, how to locate and to classify damage. 
 
The damages are classified into three severity grades (see figure 3.3), light damage (classified 
as 1), moderate damage (classified as 2), and serious damage (classified as 3). Next, is the scale 
of the severity grade that is categorized, the motorway is divided into 100-meter lane tiles. 
These 100-meter lane tiles are on the left side inspected as on the right side of the motorway. 
These tile than is classified.  The scale of the damage is classified in three groups, small scale 
(classified as A), limited scale (classified as B), large scale (classified as C). For this research, 
raveling ƛǎ ǘƘŜ ǘȅǇŜ ƻŦ ŘŀƳŀƎŜ ǘƘŀǘ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ƳƻŘŜƭΦ ¢ƘŜ ƎǊƻǳǇ ǘƘŀǘ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨмΩΣ 
shows a damage type where 6-10 % of the first layer of granules has been forced-out (per 
square meter), the second group, shows a damage type where 11-20% of the first layer of 
granules has been forced-out (per square meter), the third class shows a damage type where 
more than 20 % of the first layer of granules has been forced-out (per square meter). 
 

 
Figure 3ΦоΥ Ψ5²²-²ƛƧȊŜǊΩ ǘŀōƭŜ ǘƘŀǘ ƛǎ ǳǎŜŘ ŦƻǊ ŎƭŀǎǎƛŦȅƛƴƎ raveling damage.  
 

The scale of the damage is measured in percentages as well, but then in a tile of 100-meters. 
This means, how often does the severity of the damage occur in the 100-meter tile. The first 
ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƛǎ Ψ!ΩΣ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ raveling is then less than 15 % of the tile that show damage. 
¢ƘŜ ǎŜŎƻƴŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƛǎ Ω.ΩΣ ǘhe size of the raveling is then between 15 and 25 % of the tile 
that show damage. The last classification is Ψ/Ω, the size of the raveling is more than 25 % of 
the tile that show damage. Furthermore, an important part is that RWS demands that after 
Ψн.Ω ǘƘŜ ǘƛƭŜ ƴŜŜŘǎ ǘƻ ōŜ ƳŀƛƴǘŀƛƴŜŘΦ ¢ƘŜ ƘƛƎƘŜǊ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ is there to show the priority of 
maintaining the tile.    
 
The problem with this classification system is the risk factor of maintenance of the tile is not 
included. This means that classification is not chronological. When the damage is classified as 
Ψм!Ω it does not mean that the next step over time is Ψм.ΩΣ Ψм/ΩΣ Ψн!ΩΣ Ψн.ΩΣ ŜǘŎ. in chronological 
order. This means that there needed to be a more chronological classification to capture the 
degradation of the asphalt over time.  
 
Therefore, ΨHeijmansΩ has produced a tool that captures the risk factor over time. they 
developed a model to understand the risk of the degradation that was exposed during the 
visual inspection. This model translates the classification into a risk factor that can capture 
when the tile needs to be maintained. In the model, two methods are included, known as 



   

29 

 

29 

ΨCŀƛƭǳǊŜ aƻŘŜǎΣ 9ŦŦŜŎǘǎ ŀƴŘ /ǊƛǘƛŎŀƭƛǘȅ !ƴŀƭȅǎƛǎΩ όCa9/!ύΣ ŀƴŘ ΨǊŜƭƛŀōƛƭƛǘȅΣ ŀǾŀƛƭŀōƛƭƛǘȅΣ 
ƳŀƛƴǘŀƛƴŀōƛƭƛǘȅΣ ŀƴŘ ǎŀŦŜǘȅΩόw!a{ύΦ ¢ƘŜǎŜ ǘǿƻ ƳŜǘƘƻŘǎ ŀǊŜ ŎƻƳōƛƴŜŘ ƛƴ ŀ ƳƻŘŜƭΣ ǘƘŀǘ Ŏŀƴ 
ǇǊƻǾƛŘŜ ŀ Ǌƛǎƪ ŦŀŎǘƻǊ ǘƻ ǘƘŜ ΨфΩ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ƻf the DWW-Wijzer. This model is used for the 
probability model due to, the fact that this model adds causes to the degradation classification 
(the following subchapters will explain the model (T. Schutte, personal communication. March 
14, 2017)). 
 

3.1.4.1 FMECA method 
  
Failure Modes, Effects and Criticality Analysis (FMECA) was originally developed by United 
States military (US Department of Defence, 1949). This method is designed to analyze possible 
failure modes for a product or process. Because of this method, the risk can be estimated with 
those failure modes. The method can rank problems in terms of importance. Furthermore, the 
method can find the most serious concerns using identify and carry out corrective actions 
(Bertolini, Bevilacqua, & Massini, 2006). FMECA is designed to have a bottom-up approach. 
This approach can break down any system (product and/or production process). FMECA 
breaks the system down into fundamental components. The method can detect all possible 
failure modes and the effects on the components. In this analyze of the failure modes, the 
modes give the information (US Department of Defence, 1949): 

- The model breaks the system in a hierarchical matter, into subsystems and final items; 
- The model makes a list and description for the process/product that analyzes any 

failure or generic malfunctioning; 
- It classifies the probability, harshness, and detectability of all the failure modes that 

present themselves; 
- The part Criticality Analysis (CA), ranks all failure in order of priority. 

In order to decrease the impact of risk of potential failures, corrective actions can be taken. 
This is done by checking the effectiveness of interventions and compare the CA to the 
solutions that can be implemented. The evaluation of the failure mode can be achieved, using 
two different approaches ((Pelaez & Bowles, 1994), (Bowles & Peláez, 1995)). The first 
approach is called Criticality number (CN), the second approach is called Risk Priority Number. 
To choose, from one of these approaches, a traceability system needs to be implemented and 
managed. This involves labeling several problems, that have the highest priority related to the 
information. Furthermore, the choice that is documented, recorded, and recovered, according 
to a material management flow system.  
 

3.1.4.2 RAMS method 
 
RAMS is a method that is a collection of techniques that can provide for target a prediction of 
the performance of the required system. It is an indicator that can be both used qualitative 
and quantitative, to the degree that the system, or the subsystems, and components that are 
included in that system. It predicts the reliability of the function as well specifies, both 
availability and safety of the system. The method is frequently used in the construction 
industry. Due to, the investment costs that have a higher priority than the performance of the 
building system. According to, the authorities, reliability, and more availability of the national 
motorway network has a high priority (Al-Jibouri & Ogink, 2009).  
 


































































































































