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Porous Asphalt (PA) on Dutch Highways

Facts about ZOAB
• 90% Dutch Highways PA
• PA: stone particles, binder, 20% voids
• Advantages of PA: 

- Noise reduction 4~5 dB < ACsurf
- Better drainage (Less splash & spray)
- No rutting problems

• End of life: Raveling > 25% stone loss
• Main cause: Ageing of binder, loss of 

flexibility, micro-cracks, loss of adhesion
• Service life: 11 years for slow lane, 17 years 

for fast lane
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Multiscale approach

Goal
Identify the ageing processes on a 
fundamental level and apply that 
knowledge to develop compatible 
rejuvenating additives and 
perpetual recycling approaches.

Ageing of Asphalt Pavements (AAP)

How does bitumen properties change 
with field ageing? 



4

Experimental plan

Ageing of Asphalt Pavements (AAP)

• SMA and PA test sections
• Stiffness (dynamic modulus) by Cyclic Indirect Tensile 

Test (IT-CY)Field cores

• Exposed to field environmental conditions
• Bitumen recovered from field cores (three slices)
• Tested by FTIR and DSR 

Field-aged 
bitumen 

• STA: RTFO test at 163 °C for 75 minutes
• STA+ LTA: PAV at 100 °C and 2.1 MPa (20 atm) for 20 hrs
• 2 mm bitumen films
• Tested by FTIR and DSR 

Lab-aged 
bitumen

How does bitumen and mixture properties 
change with field ageing? 
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Field test sections @LINTRACK TU Delft

Test sections laid on October 2014
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Test sections laid on October 2014

Field test sections @LINTRACK TU Delft
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Field test sections

Sample collection once 
per year!!

Weather station
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Preparation of field-aged samples

Bitumen Extraction

Cut the sample into three slices
(11mm~13mm)

ITSM

DSR

FTIR
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Field samples - stiffness

PA master curves@20oC 

SMA master curves@20oC 
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Field-aged bitumen – DSR

Field ageing: Variation with PA layer depth

Top

Master curves@20oC 

Bottom
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Field ageing: after 4 years in the field (2018)
Standard protocols: STA and STA+LTA

Master curves@20oC 
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Lab-aged bitumen - FTIR

Carbonyl index

Sulfoxide index

FTIR ageing indices
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Field ageing: 4 years in the field (2018)
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• Bitumen ageing is more severe for the top part of the pavement, as it is in 
contact with the atmospheric air and the pavement temperature is higher. 

• Differences in the field-ageing behavior of the PA and SMA. Ageing gradient 
exists in the PA mixture, whereas the ageing of the SMA mixture mainly 
occurs at the surface.

• Weak relationship between field ageing and the standard ageing protocols. 
Field ageing at pavement surface is more severe than standard laboratory 
ageing and cannot be simulated by standard RTFOT and PAV ageing. 

Conclusions

…. And motivation for further work 
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• What is a representative binder ageing protocol considering 
fundamental knowledge and field data? 

 Consider coupled conditioning protocols: e.g. PAV at moist 
conditions

 Feedback loop so that mechanisms/processes at lab agree with 
those at field.

 What is the role of filler? 

• What are the ageing sensitivity indices to be used at the design 
stage for selection of standard and alternative binders?

 Identify critical properties/ indices from FTIR/DSR data
 Other chemo-mechanical tests?

• Are the processes similar for new/alternative binders? 

NO

Changes in 
properties/ 

performance

Agree 
with 

field?

Consider 
fundamental 
knowledge & 
new test data

Trial coupled 
protocol

YES

On-going & future work
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Environmental 
Ageing Factors

Pressure Temperature Humidity Thickness Bitumen 
type Time UV light Oxidative 

species

HCA:
seeks to build a hierarchy of clusters

Multivariate Data analysis

On-going & future work
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FTIR data analysis

Which information shall we use?

L. Ma, A. Varveri, R. Jing, S. Erkens (2022). Chemical characterization of bitumen type and ageing state based on FTIR spectroscopy and 
discriminant analysis integrated with variable selection methods. Under review in Construction and Building Materials.
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LDA, using all spectra information

Bitumen type identification

LDA, using peak data

FTIR data analysis - classification

L. Ma, A. Varveri, R. Jing, S. Erkens (2022). Chemical characterization of bitumen type and ageing state based on FTIR spectroscopy and 
discriminant analysis integrated with variable selection methods. Under review in Construction and Building Materials.
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LDA, using all spectra informationLDA, using peak data

Bitumen ageing

FTIR data analysis - classification

Field aged samples
???

L. Ma, A. Varveri, R. Jing, S. Erkens (2022). Chemical characterization of bitumen type and ageing state based on FTIR spectroscopy and 
discriminant analysis integrated with variable selection methods. Under review in Construction and Building Materials.
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Scaling of ageing 
level, LDA1

Bitumen ageing

FTIR data analysis - classification

L. Ma, A. Varveri, R. Jing, S. Erkens (2022). Chemical characterization of bitumen type and ageing state based on FTIR spectroscopy and 
discriminant analysis integrated with variable selection methods. Under review in Construction and Building Materials.
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Scaling of ageing 
level, LDA2
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FTIR data analysis - classification

L. Ma, A. Varveri, R. Jing, S. Erkens (2022). Chemical characterization of bitumen type and ageing state based on FTIR spectroscopy and 
discriminant analysis integrated with variable selection methods. Under review in Construction and Building Materials.
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