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In May 2012 the Agency for Roads and Traffic (ART) of the Flemish government construc-

ted a number of test sections with thin asphalt layers on the regional road N19 between 

Turnhout and Kasterlee. Different test sections with PoroElastic Road Surfaces (PERS) have 

been constructed in 2013 and 2014 as part of the European Project PERSUADE. One test 

section has been constructed in Herzele. A fine texture, a high acoustical absorption and a 

lower mechanical impedance (or dynamic stiffness) of the pavement contribute to the noise 

reducing capabilities of this experimental road type. The high absorption coefficient, com-

pared to conventional pavements, such as dense asphalt concrete or stone mastic asphalt road 

surfaces, is caused by the high air voids content, similar to (two-layer) open porous asphalt. 

The main noise reducing aspect however is the fact that the stiffness of the road surface is 

almost equal to the stiffness of standard tyres, drastically reducing tyre vibrations and hence 

the tyre/road noise. This lower dynamic stiffness is obtained by using rubber particles mixed 

with stone aggregates, and bound with polyurethane. The noise reduction of these PERS will 

be compared to the thin asphalt layers. In this paper an overview is given of the two test 

sites, together with the results for the absorption measurements which were performed on 

test slabs prepared in laboratory conditions using the same components as on the actual test 

sites. Measurements in situ on the actual test sections and measurements of the mechanical 

impedance will be available and discussed at the conference presentation. Absorption meas-

urements on cylindrical asphalt samples with different thicknesses will be compared to the 

measurement results on the test slabs and in situ tests. 
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1. Introduction 

In 2012 the Flemish Agency for Roads and Traffic planned the construction and monitoring of 

test sections consisting of different thin asphalt layers (TAL) to investigate their acoustical and me-

chanical behaviour. At the regional road N19 Turnhout-Kasterlee in Belgium 10 sections of 200 m 

each were installed: two reference surfaces and 7 different TAL (one TAL was placed at two differ-

ent thicknesses). The two reference surfaces include a stone mastic asphalt (SMA-10 with a maxi-

mum aggregate size of 10 mm) and a double layered porous asphalt (PA). These test sections were 

placed by two different contractors who provided the authors with the necessary materials to recre-

ate the same mixtures in the laboratory, both as larger test slabs (60 by 40 cm, using a plate com-

pactor) and as cylindrical samples (diameter 10 cm, using gyratory compaction). Fig. 1 shows the 

plate compactor and the resulting test slab for the bottom layer of the double layered PA mixture. 

 

 
 

Figure 1. (Left) Plate compactor – (Right) Test slab (PA-14) 

 

A detailed description of the different test sections and the initial acoustical and mechanical 

measurement results can be found in [1]. 

 

For the poro-elastic road surfaces (PERS) a first small scale test section (15 m length) was in-

stalled at the facilities of the Belgian Road Research Centre (BRRC) in Sterrebeek, Belgium. A 

larger test section (40 m length) was later installed (September 2014) on a secondary road in Her-

zele, Belgium. In Herzele test slabs were created on site as shown in Fig. 2. 

 

 
 

Figure 2. In situ compaction of PERS test slabs (picture from BRRC) 



 

The 22
nd

 International Congress on Sound and Vibration 

 

 

ICSV22, Florence, Italy, 12-16  July 2015  3 

These test slabs will be used for acoustical and mechanical impedance measurements, skid re-

sistance tests and for the determination of the resistance to ravelling by the BRRC in accordance 

with [2]. 

 

The PERS mixture has been developed in the frame of the European project PERSUADE (“Po-

roElastic Road SUrface: an innovation to Avoid Damages to the Environment”, 

http://persuade.fehrl.org/). In these road surfaces a large part of the aggregates has been replaced by 

rubber granulates (originating from recycled tyres) bound with polyurethane instead of bitumen. 

PERS have an optimized texture, a considerable amount of absorption and an elasticity comparable 

to a tyre, leading to a noise reduction of 7 up to 10 dB(A) compared to a dense asphalt concrete 

(DAC). An overview of its main noise reducing mechanisms and previous laboratory results can be 

found in [3].  

 

Section 2 gives an overview of the measurement results which are available at the moment. In 

Section 3 some preliminary conclusions are given. 

2. Measurement results 

In this paper unfortunately only the measurement results for the absorption coefficient deter-

mined on laboratory test slabs are available. The in situ determination of the absorption coefficient 

and the measurements of the mechanical impedance, both on laboratory samples and in situ, should 

be finished at the time of the conference presentation. 

2.1 Acoustical absorption 

The impedance tube (inside diam. 100 mm), see Fig. 3, has been designed specifically for in situ 

measurements of sound absorption properties of road surfaces according to [4]. Therefore it has not 

been possible yet to measure the sound absorption characteristics of cylindrical samples. In the la-

boratory measurements were performed on rectangular slabs. 

 

 

Figure 3. a BSWA-tech SW420R impedance tube 
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Some preliminary results can be found in Fig. 4 which shows a comparison of the 1/12
th

 octave 

band absorption coefficients for the different TAL, SMA-10 and two different PA. One TAL had 

the wrong asphalt composition in the lab so its results are not included in this Figure. 

 

 

Figure 4. Absorption coefficients (1/12
th
 octave bands) for the mixtures installed at the N19 

Each value on Fig. 4 corresponds to the average of over 30 measurements on one test slab (11-15 

measurement points and 3 averages per measurement point). 

 

As expected the PA-6.3 (23% voids, determined after 100 gyrations) has generally a higher ab-

sorption coefficient, especially between 800 and 1000 Hz which is the frequency region where the 

most tyre/road noise is generated. TAL 3 has the largest absorption coefficient which is due to the 

high percentage of voids (>23%). TAL 5 has a voids percentage of approx. 21% and an absorption 

coefficient somewhere in between the PA-6.3 and PA-14. TAL 2 and 4 exhibit an almost identical 

and lower absorption behaviour which can be explained by very similar voids percentages (13-15%) 

and granulate size. TAL 1 clearly shows the least absorption of all TAL with a voids percentage of 

+/- 10%. The SMA-10 has the lowest absorption coefficient, which can also be explained by the 

lowest amount of voids (7-8%). The PA-14 shows its first maximum at a lower frequency compared 

to the other mixtures. This is due to the fact that this mixture was made at a thickness of 45 mm 

compared to the other mixtures which were all made at a thickness of approx. 30 mm (due to the 

compaction method the variations in thickness of the different test plates were between 27.5 and 

32.5 mm). It is generally known that the first absorption peak shifts to the left when the thickness is 

increased.  

Overall the absorption peaks are below 0.6 which can be explained by the fact that all mixtures 

have a (very) fine grading, mostly limited at 6.3 mm, and a limited thickness (approx. 30 mm). This 

generates small voids which are mostly not connected, generating lower absorption peaks. The high 

absorption values at 1600 Hz for TAL 3 and PA-6.3 need to be investigated more. It is possible that 

these values are measured incorrectly since this is the upper frequency limit of the impedance tube. 

Around 500 Hz most results show a minimum which can probably be explained by the dimen-

sions of the tube and a resulting standing wave pattern where the microphone positions are close to 

a minimum. 
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Information on the accuracy of these measurement results is not yet available since this is the 

first measurement campaign with this new impedance tube. The standard deviation calculated from 

all the measurements on a single test plate ranges from 0,02 up to 0,10 depending on the frequency. 

This is shown in Fig. 5, where the mean for TAL 5 is shown including the 95% confidence inter-

val (with the deviation from the mean determined by 1.96 times the standard deviation σ, divided by 

the square root of the number of samples n) 

 

 

Figure 5. Absorption coefficient and 95% confidence interval for TAL 5 

This shows again the larger uncertainty around 500 Hz as mentioned earlier.  

 

Finally the influence of placing the test plates on another layer of asphalt instead of directly on 

the ground should be investigated further. This was tested on two PERS plates in the laboratory as 

shown in Fig. 6. Two different PERS plates which were manufactured on the test site in Herzele as 

described in Section 1, were tested under varying circumstances: on the floor, on a steel plate, and 

on an asphalt layer. 

  

 

Figure 6. Absorption coefficients for two poro-elastic test plates with varying under layers 
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The differences between the two test plates are much larger than expected, with especially 

PERS 1 showing a much lower than expected absorption behaviour when comparing these results 

with the results reported in [5] (a peak of up to 0.9 at 1000 Hz for drilled cylindrical samples from 

the test track in Sterrebeek). This might be caused by the different method of compaction used 

when creating these test slabs, different thickness or measurement procedure and equipment, but 

needs to be further investigated, by performing measurements in situ. 

 

It is clear however that the under layer below the test slab influences the absorption results as 

well. Since both the floor and a steel plate are reflective surfaces, the absorption results are similar. 

Placing an asphalt under layer beneath the test slab has a larger influence. Ideally the top layer 

should be completely in contact with an asphalt under layer, as it is in reality, but this is difficult to 

achieve as the surface of these thin asphalt test slabs is more uneven than the road surface itself due 

to the method of compaction. As air leaks between the bottom of the impedance tube and the test 

slab will severely influence the measurement results, most measurements were executed on the bot-

tom of the compacted test slabs which were in contact with the mould during compaction. This risk 

can also be reduced by applying an extra layer of clay. 

 

2.2 Mechanical impedance 

The measurement procedure which will be used to measure the mechanical impedance on cylin-

drical samples is thoroughly described in [6] and shown in Fig. 7. A PCB high sensitivity, ceramic 

shear ICP accelerometer type 352C33 (upper frequency limit 10k Hz) and a PCB Modally Tuned® 

Impulse Hammer type 086D05 will be used for these measurements.  

 

Figure 7. Experimental set-up for the determination of the mechanical impedance on cylindrical samples 

(taken from [6]) 

 

The measurement principle for the measurements in situ is explained in [5] and shown in Fig. 8. 

The impedance head which will be used is a PCB ICP Impedance Head type 288D01. 

 

 

Figure 8. Experimental set-up for the determination of the mechanical impedance in situ (taken from [5]) 
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Measurement results are not yet available at the moment but will be available at the conference 

presentation. 

3. Conclusions 

It is clear from Section 2.1 that most of the TAL show an absorption behaviour in accordance 

with the percentage of voids. The higher the percentage of voids, the higher the overall absorption. 

The absorption peaks are limited to a maximum of 0.6 and are situated mostly between 630 and 

1000 Hz which is the ideal frequency zone for absorbing tyre/road noise. The limited thickness and 

fine texture are responsible for the relatively low absorption peaks. 

These preliminary results need to be compared further with in situ measurements and measure-

ments on cylindrical samples. The test setup itself will be checked further using different well-

known absorption materials, including checking the influence of an under layer and possible une-

venness of the test slabs, leading to air leaks and an excessive acoustical absorption. 
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