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ABSTRACT
Road transport is the major contributor to environmental noise, affecting some 90% of the
proportion of the EU population exposed to unacceptable noise levels. Rolling noise has
been identified as one of the research areas to be addressed to help reduce noise levels in
order to avoid harmful effects of noise exposure and preserve quiet areas. Therefore there
is a demand for quiet, maintainable road surfaces. Thin silent pavements have been used as
such in various countries. In the Netherlands, however, porous asphalt is the first choice as
silent pavement. As the expectation on durability and therefore the cost effectiveness of
thin layers is high research is started within the framework of the Dutch Noise Innovation
Program (IPG). In 2006 test sections have been laid all over the Netherlands with a total
length of 35 km. An elaborated research program has been performed on noise reduction,
safety and durability. First results are very promising and will be presented in this paper.
1

INTRODUCTION

Thin layers have been used in several countries for some time. In the Netherlands thin
layers have been used as preservation of dense asphalt concrete (DAC). It was only in 2001
when the Ministry of Environment started a stimulation program for the use of silent road
surfaces. In 2005, 95 different projects with thin noise reducing layer products and 12
projects with two layer porous asphalt have been monitored on local roads. The first
experiences on these roads with a maximum speed of mostly 80 km/h were very promising.
However, on the main road network with maximum speeds up to 120 km/h single layer
porous asphalt (SLPA) remained to be the only solution for the traffic noise mitigation. In
2007 about 80% of the main road network is realized in SLPA. Its popularity is not only due
to its noise absorbing property but also due to its drainage capacity. This gives the
automobilist a better view driving during rainfalls.
However, as the costs of SLPA are roughly speaking twice as high as for normal dense
asphalt concrete (DAC) the Dutch Ministry of Transport is looking for cheaper silent road
surfaces. Thin layers came in the spot light within the last years as they have been used in
other countries for years and now also on the secondary road network in the Netherlands
itself. As the expectation on durability and therefore the cost effectiveness of thin layers is
high research has been started within the framework of the Dutch Noise Innovation Program
(IPG). A literature study has been conducted in order to estimate whether thin layers are an
interesting alternative for single layer porous asphalt. The outcome was positive. The noise
reduction is estimated to 4 to 7 dB(A) initially and 3 on average during life time. The next
step was a pre-advice note [1] which concluded that thin layers should be tested on several
a
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locations throughout the country in projects with a reasonable length. The first results of
these projects will be presented here.
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2.1

PROJECT SETUP
Point of departure

The dominating noise reduction effect of thin layer surfaces is achieved by having a fine
textured surface. Improvement of the potential noise reduction from these surfaces requires
optimization of the texture characteristics, an improvement of the ravelling resistance of open
mixes, and possible consideration of user differentiation.
The goal of the IPG is to define specifications for the design, construction and
maintenance of thin layer surfaces (20-30 mm thick) which provide initial noise reductions of
4 dB(A) and 5 dB(A) and a minimum lifetime average noise reduction of 3 dB(A). The
potential life spans for the surfaces are 8-13 years for the first type and 7-10 years for the
second type, respectively. The goal was not to optimize thin layers but rather to identify
existing solutions/products for wide application as a possible alternative to SLPA on the
Dutch main road network.
The research was focused on the following topics:
· Development and testing of functional specifications based on existing surface
types;
· Determination of noise reduction label (Cwegdek) for existing surface types at high
speeds;
· Determination of whether the skidding resistance at high speeds is sufficient to
meet Dutch requirements;
· Improvement of knowledge with regard to the cost-effectiveness of the surface
type;
· Gain experience with the use of thin surfaces on the network and address any
remaining technical issues. This should include improving the understanding of the
relationship between the surface mix design and the corresponding noise reduction
performance;
· Determination of the acceptability of such surfaces by the road user, primarily with
regard to splash/spray and corresponding pollution caused by surface runoff.
The Netherlands: “Methode Cwegdek” [2] is used to calculate a label Cwegdek (which can be
translated as Croad) for a surface which is used as a surface correction for noise reduction in
the Dutch road traffic noise calculation scheme. Cwegdek can be specified for a specific type of
surface or for proprietary surface. The label is derived from SPB measurements using a 5 m
microphone height (rather than the 1.2 m height stated in the associated ISO standard), but
CPX measurements are also taken.
2.2

Specifications

The contracting of the test sections is based upon a more functional specification instead
of product specification. In four of the five test sections products had to meet the
requirements of an initial noise reduction of 4 dB(A) (compared to DAC 0/16, the reference
surface) and a guaranteed technical lifetime (for Lane 1, the most heavily trafficked) of 7
years. It is anticipated that these pavements will most likely be semi-dense thin layers (void
content 9-14%).

For one test section five products were asked which could meet the requirements of an
initial noise reduction of 5 dB(A) and a guaranteed technical lifetime (for Lane 1, the most
heavily trafficked) of 5 years. It is anticipated that these pavements will most likely be open
thin layers (void content of more than 19 %) similar to the top layer of two layer porous
asphalt (TLPA). In all test sections additional specifications also included the relevant safety
requirements (skidding resistance, PSV11 and braking deceleration).
2.3

Test sections

In 2006 five test sections of 1 to 5 km have been laid in different regions of the
Netherlands (Figure 1). Each test site is subjected to similar traffic conditions, i.e. 15,00030,000 vehicles per day with 15-20% heavy vehicles.
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Figure 1 Five locations of the thin layer test sections

Of the first four test sections (with only a single surface on each), the first was laid in July
2006 on A31 near Dronrijp and three (A200 Haarlem, A58 Rilland and Oirschot) were laid
during September/October 2006. The fifth test section on the A6 near Emmeloord, which is
approximately 5 km in length was also laid in October 2006, and comprises five different
surfaces of five different contractors each with a length of approximately 1 km.
On four of the test sections, only one product has been used. This is to test the newly
developed contract texts, which will give the contractor more freedom. Using more products
on such a test site would reduce the freedom in an undesirable way.
2.4

Tested products

As the thin layers tested within this project are existing products there is no given mix
design. However the contractors had to give some information about their products in

advance in order to estimate the risk of laying them on the main road network. This
information might be used for analysing typical behaviour of some products. However, the
goal of this project is not to test single products but to investigate the potential of thin layers
as a groep as alternative for SLPA. For this reason the products shown in this paper are
coded.
Table 1 gives an overview of the products used in this project. The requirements
regarding the noise reductions of 4 dB(A) and 5 dB(A), respectively had to be measured with
the IPG traffic composition. The official noise reduction “C-wegdek” of the products used in
this project refer to a traffic vehicle composition of 100% passenger cars at a speed of 50
km/h.
Table 1

location
A31, Dronrijp
A200, Haarlem
A58, Rilland
A 58, Oirschot
A 6, Emmeloord

requirement IPGcom
-4 dB(A)
-4 dB(A)
-4 dB(A)
-4 dB(A)
-5 dB(A)

product
Microville
Redufalt
Redufalt
Decipave
Dubofalt
Nobelpave
ZSA 0/6 SD
Microflex 0/6
Microtop 0/6

C-wegdek
-3,7 dB(A)
- 3,4 dB(A)
- 3,4 dB(A)
- 4,3 dB(A)
- 5,0 dB(A)
- 4,6 dB(A)
- 4,6 dB(A)
- 4,3 dB(A)
- 4,3 dB(A)

In the IPG, the acoustical performance of a road surface will be expressed as a reduction
value, based on the average performance over its technical lifetime. The reduction value is
defined as the traffic noise level on the reference pavement (DAC 0/16) minus the
corresponding traffic noise level on the silent road surface. The noise levels are based on SPB
measurements using a 5 m microphone height (rather than the 1.2 m height stated in the
associated ISO standard). The corresponding road traffic vehicle composition used to
determine these noise levels consists of 85% passenger cars at a speed of 110 km/h and 15%
heavy traffic (category 3) at a speed of 85 km/h. This composition will be referred to in the
paper as the “IPG traffic composition”.
2.5

Research program

An elaborated research program has been executed on each pilot consisting of
measurements on the pilots themselves and laboratory tests on cores or plates. On site noise
measurements (CPX and SPB) as well as measurements on braking deceleration, skidding
resistance, permeability (air/water), and absorption have been performed.
In the laboratory void content, layer thickness, raveling resistance (Rotating Surface
Abrasion Test), Long term skidding resistance (Wehner/Schulze), distribution of air voids
(CT-scan) and adhesion (direct tensile test) have been performed.
In this paper results will be presented on realized layer thickness, void content, noise
reduction, skidding resistance and braking deceleration.
3
3.1

RESULTS
Layer thickness

As mentioned before thin layers are defined to have a layer thickness between 20 and 30
mm in this project according to the ..standard [ref]. Figure 1 shows that the average thickness

of the realized layers varies between 20 and 32 mm. For product 4 no layer thickness have
been measured due to……
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3.2

Void content

Figure 3 shows the void content in the used products. For SLPA an average void content
of 20% is asked with a minimum value of 18%. The void content of the used products varies
between 8 and 19 %. Product 3 and 4 are close to “open” with more than 17%, five products
(1, 5, 7, 8 and 9) have between 12 and 14 % and can be called semi-dense, one product (2) is
rather dense as it only has 8% void content and product 6 has not been measured.
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3.3

Noise reduction

The reduction value is defined as the traffic noise level on the reference pavement (DAC
0/16) minus the corresponding traffic noise level on the silent road surface. The noise levels
are based on SPB measurements using a 5 m microphone height (rather than the 1.2 m height
stated in the associated ISO standard). The corresponding road traffic vehicle composition
used to determine these noise levels consists of 85% passenger cars at a speed of 110 km/h
and 15% heavy traffic (category 3) at a speed of 85 km/h. This composition will be referred
to in this paper as the “IPG traffic composition”.
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Figure 4 Noise reduction for 100% passenger cars, six weeks after laying

Figure 4 shows the noise reduction of different products at different speeds for passenger
cars only six weeks after laying. As references SLPA and TLPA are added. It can be seen that
all products perform much better than SLPA at low and medium speeds (50 and 80 km/h).
Actually, all products show about the same performance than TLPA. Some are even better.
Figure 5 shows noise reductions measured for 100% passenger cars at 110 km/h, 100%
trucks at 85 km/h and the IPG-composition of 85% passenger cars at 110 km/h and 15%
trucks at 85 km/h. The dotted line at 4 dB(A) is the reference of SLPA and the bold line at 6
dB(A) is the reference of TLPA. There were not enough trucks passing when measuring
product 5. Therefore the IPG-composition has been estimated for product 5.
In general, all products seem to have at least the potential of a SLPA when it comes to
noise reduction. They fulfill the requirement of 4 dB(A). Four of the five products on the A6
fulfill the requirement of 5 dB(A). One of them seems to be as good as TLPA. However, it
has to be noticed that these measurements are initial values and that they were executed as
part of the contract. This means that the contractor asked a party to perform the noise
measurements. Rehearsal measurements will be performed after half a year by IPG.
Unfortunately the results were not available at the moment of writing this paper.
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Figure 5 Noise reduction for 100% cars, 100% trucks and IPG composition (85%/15%).

3.4

Safety

In the Netherlands there are strict requirements with regard to skidding resistance
(intervention value is 0.38) as well as to braking deceleration (intervention value is 5.2 m/s 2).
Noise reducing pavements are known to perform badly when skidding resistance and braking
deceleration are measured shortly after laying. This is due to the fact that noise-reducing
surfaces are not sprinkled with aggregate after laying and the bitumen film covering the
aggregates has not been ridden off as the surface had not been trafficked at the moment of the
first measurement.
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Figure 6 Skidding resistance measured in time.
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Figure 7 Braking deceleration measured in time.

However, figure 6 and 7 show the first results of skidding resistance and braking
deceleration measured before the test sections have been trafficked. All products meet the
requirement of 0.38 for skidding resistance (Figure 6) before they are trafficked. Already
after four weeks all of them reach values above 0.5. All but one product meet the minimum
requirement of 5.2 m/s2 before being trafficked. As well as skidding resistance, braking
deceleration develops fast. Most of the products reach the desired value of 6.5 m/s2 already
after 16 weeks. As soon as this value is reached warning signs saying “New road, longer
braking distance” can be removed.
4
4.1

FURTHER INVESTIGATION
Integral advice note

First results on the test sections are very promising. However, the surfaces still have to
prove that their performance will remain satisfying during lifetime. Therefore the above
presented measurements will be repeated as part of the IPG-monitoring program. In order to
be able to give a sound advice on the possibilities to use thin layers on the Dutch main road
network some other aspects will be investigated.
Cost-effectiveness is one of the main aspects. Main parameter influencing the costeffectiveness is the lifetime. Up to now this parameter cannot been derived from Dutch main
road network experience. Therefore it is estimated by using data from abroad, from Dutch
provincial road network supported with laboratory research.
Splash and spray is another very important topic to be investigated as the Dutch
automobilist is delighted about SLPA due to the good view during rainfalls. Research will be
done on the effect thin layers might have on the flow of traffic if they produce more splash
and spray.

4.2

Rollable thin layers

Also as part of the IPG a test section has been realized with rollable asphalt “Rollpave”.
Figure 8, left, illustrates the principle of Rollpave. Rollpave is a rollable porous thin layer of
about 30 mm thickness that is produced on top of an adhesive support layer (“carrier”). The
carrier consists of fine iron gauze that is built into a bituminous layer during the manufacture
process. The gauze is heated via induction (to a temperature in excess of 115º), which melts
the bituminous layer around the gauze and allows the surface to bond onto the underlying
support layer. A roller is then used to flatten the asphalt mat and the surface is ready for
driving on. Reheating the bituminous layer to the same temperature breaks the adhesion
between the asphalt and the carrier so that the asphalt mat can be rolled up and removed.
Figure 8, right, shows the surface being laid.
During summer of 2006 asphalt mats were produced on a test terrain and rolled up on
spool. The rolled asphalt was than transported on site. On the A35 near Hengelo a 500 m long
section of Rollpave was constructed; the surface was laid in two lanes and the emergency
lane. Six weeks after being trafficked a noise reduction of 4 dB(A) has been measured (100%
passenger cars at 110 km/h). The skidding resistance was 0.45 at a minimum before the test
section was trafficked. Its performance will be monitored during the remainder of 2006 and
2007.

Figure 8 Principle of Rollpave, left, laying of Rollpave on A35 in June 2006, right.
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CONCLUSIONS

First results on thin layers with regard to noise reduction, skidding resistance and braking
deceleration are very promising. In order to make the decision whether thin layers are an
alternative for SLPA on the Dutch main road network more information has to be analyzed.
Especially cost effectiveness and the effect of splash and spray on the driving behavior could
determine the result of this investigation. If the investigation result is positive new laying
techniques as rollable asphalt might make thin layers even more interesting as thin layers are
prone to cold temperatures during laying.
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