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Introduction 
Mobility is a basic human need and an essential precondition 
for economic growth. But mobility on roads, on rails, and in 
the air is associated with noise. With more and more people 
feeling affected by and complaining about noise, traffic 
noise has become a severe environmental problem. If 
“livability” in traffic noise affected areas is to be maintained 
or even enhanced without letting noise bottle-neck 
economical development, measures must be taken to reduce 
noise levels created on roads, rails and near airport 
communities. 

“Silent Traffic” 

To help support noise abatement measures, manufacturers 
and operators, academia and research institutions, and 
government agencies have decided to join forces and have 
established a research network in Germany, dedicated to 
traffic noise abatement. 

The strategy is to create an open scientific platform for 
communication, exchange of information, and cooperation in 
transparent and interdisciplinary R&D projects. By 
concentrating their research efforts, the partners hope to 
increase their output and optimize the use of resources. 

From this perspective partners from industry and research 
came together at the initiative of the German Aerospace 
Center (DLR) to the large volume transport research called 
“Silent Traffic” to give the reduction of the noise new thrust. 

“Silent Road Traffic” 

The transport research program “Mobility and Transport” of 
the Federal Ministry for Education and Research (BMBF) 
was started in 2000 and had among others the goal to reduce 
the road traffic noise at the source. This goal can only be 
achieved if the various branches originating from the partner 
of this task work together. Especially on the road this was 
the first time jointly by renowned tire and road construction 
companies, universities, consulting firms and the 
management of research projects with the objective of 
“reduction of road traffic noise” were formulated. 

“Silent Road Traffic 1” 

A significant proportion of road noise in the district area is 
the tire-pavement noise, and so the joint project under the 
leadership of the Federal Highway Research Institute (BASt) 
was called “Silent road traffic - reduced tire-pavement 
noise”. Its budget of approximately € 3.3 million was fixed 
to 50% by the BMBF and the research partners. Another 
important and necessary financial support was granted by the 
Federal Ministry of Transport, Building and Housing 
(BMVBW) in the form of road construction. 

 

“Silent Road Traffic 2” 

After finishing the research project ”Silent Road Traffic 1” 
in 2003 the follow-up project ”Silent Road Traffic 2” was 
started in 2005. Under the leadership of the BASt a budget 
of € 4.5 Mio. was shared with ten other partners from 
Industry (Continental AG, RW Sollinger Hütte GmbH and 
Maurer Söhne GmbH & Co KG), Research Institutes 
(Müller BBM GmbH, Research Institute for pigments and 
varnishes, Federal Institute for Material Research and 
Testing, BAM) and Universities (University of Stuttgart - 
Institute for Road and Traffic, Technical University of 
Munich – Section Hydromechanics, University of Hannover 
- Institute for Building Mechanics and Numerical Mechanics 
and University of Hamburg-Harburg - Institute for 
Modelling and Calculations) (see Figure 1). 
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Figure 1: Partners of “Silent Road Traffic 2”. 

The budget was fixed to 50% now by the Federal Ministry of 
Economics and Technology (BMWi) and the research 
partners. Thanks to the complementary financial support 
from the Federal Ministry of Transport, Building and Urban 
Development (BMVBS) and the participation of the German 
federal lands: Brandenburg, Bavaria and North Rhine-
Westphalia, some research results in major projects can be 
tested on federal highways. 

The research project consists of three parts, ”Silent Tires”, 
”Silent Roads” and ”Success Control”. The realization of the 
overall project was targeted to mid 2008 but is postponed 
until end of 2009 now. But nevertheless there are already a 
lot of results available, special from the part “Silent Tires”. 

Silent Tires 

Optimisation of truck tires – reduction of noise 

emissions on the long-distance roadways 

For the design of drive axle tires (also called traction tires) 
for heavy trucks it is usually assumed that these tires need a 
strong transversal profile. This is for so-called off-road 
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operations certainly true but for long-distance road transport 
without the wintry road conditions, this view is not really 
confirmed. 

The regular arrangement of the tread bar is a major source 
for tire noise. From the acoustic viewpoint an irregular size 
and arrangement of the profile blocks would be desirable. 
On the other hand the regularity ensures the steady attrition 
and is thus important for the durability of the tires. With this 
outline of the relationship the problem in the development of 
noise-optimized truck tire traction is significantly. 

 

Figure 2: Carving a new tire by hand at Continental AG. 

The methodological approach to the acoustic optimization of 
truck drive axle tires runs as follows. With the rubber 
mixture of commercially available truck driving axle tires 
smooth tires are built. Supported by a simple simulation tool 
different noise tread profiles are designed and carved from 
the plain tires (see Figure 2). At selected road surfaces the 
pass-by noise for these tires is measured (see Figure 3). 

Figure 3: Pass-by noise testing of new truck tires. 

A variety of truck tires and carved truck tires have already 
been produced. These acoustic measurements were 
performed on the test fields in Sperenberg at double layer 
open porous asphalt (base: 4 cm thick, stone grain size of 
11/16 mm; top layer: 3 cm thick, stone grain size of 
4/8 mm), as well as on stone mastic asphalt with chippings 
2/3 mm of quartz porphyry, in Michelstadt on asphalt 
concrete 0/8 mm (the ISO surface) and on split mastic 
asphalt 0/8 mm (possible future ISO surface) and on the 
Contidrom at Jeversen on asphalt concrete 0/8 mm (the ISO 
surface). 

The results are consistent, confident and the forms for the 
near-series tires are now being prepared. Once the 
manufacture of the tire was made, investigations on their 
properties (traction, abrasion behavior, acoustics, etc.) were 
made. A noise reduction of 2-3 dB(A) compared with the 
average of the current series drive axles tires were expected. 

Simulation tool for optimizing tires 

The acoustic optimization of tires on the empirical way costs 
al lot of time and money. Within the project “Silent Road 
Traffic 1”, by practical experience an approximately 
2 dB(A) quieter passenger car tire were built and tested. A 
thorough and extensive knowledge of the noise generation 
mechanisms at the time of implementation of the project was 
not available. For this reason, parallel to the manufacture of 
a new quieter car tires the development of a physical model 
was conducted, knowing that this is a scientifically 
challenging and a time consuming undertaking. It was also 
assumed that the model could not been applied in the context 
of the ongoing project. An investment in the future, but 
possibly by a significant reduction of noise was justified. 

Today's tires are having a complex, multilayered structure, 
partly with steel inserts. The numerical simulation of such a 
real, rolling tire on a real track with real texture and the 
resulting tire vibrations and the associated noise still is the 
most difficult task in finite element simulation functions (see 
Figure 4).  

 

Figure 4: 3D model of the tire with rim. 

However, the project “Silent Road Traffic 1” succeeded in 
the development of a simulation tool for optimizing tires 
which was a remarkable achievement in itself. The model 
consists of two components: a simulation of the mechanical 
behavior of rolling profile tires on real road surfaces for a 
frequency range up to 600 Hz developed by the University 
Hanover and a simulation of the noise radiation generated in 
the frequency range up to 1280 for the tire vibrations 
developed from the University of Hamburg-Harburg. 

Mechanical model 

Within the project “Silent Road Traffic 2” model tires up to 
1.5 kHz frequency of 3500 eigenvectors were calculated. 
With increasing velocity, the modes at frequencies above 
500 Hz are moderately reduced as a result of the effects of 
gyroscopes and mass influences. In the first approximation 
the slope of the curve can be approximate by three straight 
lines, a tangent beginning to about 300 Hz, a secant in the 
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range 300 to 700 Hz and a tangent at higher frequencies. 
This suggests that the principal vibration behavior of the 
rolling tire can be divided according to these three frequency 
ranges. In fact one finds in the range up to 300 Hz mainly 
belt bending modes, 300 to 700 Hz gives the side a greater 
dominance, and higher frequencies occur on local vibrations. 
Examples are given in Figure 5 showing three typical modes 
from these three frequency bands.  

 

 

Figure 5: Typical belt bending, side and local vibrations. 

As an assessment of the structural dynamics in terms of 
optimization-based tires this global representation is not 
possible. The detailed analysis of the 3500 calculated 
eigenmodes shows a method to assess modal partial energy 
to individual assemblies, see [1]. 

The two pads of the drum test of Continental AG were 
measured by BASt. On the basis of the available data 
textures were analyzed and characterized. The frequency 
spectra of both textures are shown in Figure 6, the higher 
excitation potential of the rough Mira texture is evident. 

 

Figure 6: Frequency spectra of the drum test rigs with 
smooth asphalt and Mira texture. 

Acoustical model  

For sound radiation calculations, a combined finite/infinite-
Element Method (IFEM) was uses (see Figure 7), because 
the air is not necessarily considered to be homogeneous and 
this method is especially efficient [2, 3]. 

 

Figure 7: Waveforms for an excitation at 642 Hz (a)  
Acoustic model with finite and infinite elements  
including sound amplitude (b). 

 

The resulting system of equations for each spectrum 
included in the texture frequency was resolved. Because the 
time of the creation and networking model is significant, one 
and the same finite element model was chosen for all 
frequencies. Relatively large elements were used, which in 
turn led to the lower frequency range of freedom and thus 
computing time could be saved. 

In a first step, the investigations of the rolling tires were 
made (see Figure 8). 

 

Figure 8: Rolling test of Continental AG (left), with road 
tires discretized texture (middle) and acoustic model with 
finite/infinite elements (right) 

Initial comparisons between measurement and accounting 
showed a good quality in accordance, but with simulated 
sound pressure amplitude order too large, specially in the 
high frequency range. 

In order to improve calculations the acoustic impact of 
various measures on the part of the structural model was 
investigated. These include changing the parameters of the 
modal damping and the introduction of a weighted contact 
pressure excitation. With this a good agreement of 
simulation and measurement was achieved (see Figure 9). 

 

Figure 9: Comparison of measured and simulated sound 
amplitude of two tires at 100 km/h rolling speed. 

In this project, numerical calculation method for the 
simulation of sound radiation of rolling tires were developed 
and successfully applied. These procedures represent a 
significant efficiency improvement with regard to the 
computation time and robustness compared to conventional 
processes, thus enabling the use of practice-relevant 
questions. Although the application of the whole simulation 
chain is not reached in full, insights into the mechanisms of 
tire rolling noise are won. From further measures it can be 
derived, that there is a need for more accurate mapping of 
the tire-pavement contact with a material formulation, the 
visco-elastic effects. 
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New road surfaces and bridge joints 

Before an innovative technical idea comes into practice, 
intensive research and testing is needed. In the field of 
development of road surfaces and bridge joints, the process 
of transforming into practice is long and can only be done 
gradually. 

Open porous asphalt 

Porous asphalt material is commonly used in order to reduce 
traffic noise generated by the road tire contact. Although 
quite good results have already been achieved, noise 
reducing pavements are still subject to a loss of performance 
over the years because the open pores clog due to road dirt 
which is flushed into the porous asphalt layer by rain. There 
have been attempts in the past to clean the open porous 
asphalt layers with high-pressure water, however with little 
success. Accordingly, the idea is to prevent the asphalt layer 
from being plugged with dirt using polymer technology.  

Specially coatings were investigated which smoothes the 
roughness of the pores and which do not allow dirt 
adsorption on the pores' surfaces or which make it easier to 
flush away adherent dirt with water. 

Another approach was followed by bringing resonate 
absorbers into a two layered open porous asphalt (see 
Figure 10). An additional noise reduction up to 3 dB(A) is 
expected from the broadband absorption of the three 
different Helmholtz resonators per element, as first 
laboratory test have shown. 

 

Figure 10: Helmholtz resonators on top of the bottom layer 
of a two layered open porous asphalt. 

Both modifications of the open porous asphalt together with 
other asphalt test fields will be investigated on a new test 
track at the motorway A 24 near Berlin in autumn 2009. 

Modified bridge joints 

The existing technology for waterproof bridge transitions in 
lamellar structure has been improves in the past ten years so 
that all requirements regarding the load, durability and 
impermeability are met. Despite the partial progress, these 
transitions are still a strong sound source. The passing-by of 
the lamellar transitions is distinguished acoustically more or 
less from the normal pass-by on the road. With an improved 
design of special elements to be fixed on the lamella a 
significant noise reduction can be achieved. 

The diamond-shaped plates are fixed by plug weld to the 
underlying lamellas (see Figure 11). You can see also the 
reinforcement of the road construction by diagonal strips to 
avoid rutting near the transition. 

 

Figure 11: Build in standard noise reduction elements on 
bridge joints. 

They build a plane surface with no more gaps oriented 
vertically like the lamella construction without noise 
reduction elements. 

These elements can be optimized by two factors. Fist the 
shape, a smaller angle is better for noise reduction than a 
wide. Second the surface is better not flat and slippery but 
irregular structured e.g. with small stones glued on. Both 
modifications can be seen in Figure 12.  

 

 
 

Figure 12: Original (left) and modified (right) noise 
reduction element for bridge joints. 

  

More results will hopefully be available end 2009. 
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