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Executive Summary 

In 2001, Directive 2001/43/EC was published, introduced limiting values for noise 
emission from tyres for road vehicles. The limiting values distinguish between different 
types and widths of tyres and relate to type approval of all new tyres. The Directive 
includes a measuring method which includes also a specification of a standard test 
surface. Special conditions of the Directive requires more stringent noise limits to be set a 
few years after the introduction of the first limits; provided for example that such stricter 
limits could be set without compromising safety. 
 
In order to study the possibility to lower the noise limits and the possible trade-offs this 
might have on safety and rolling resistance, the Commission issued a call for tenders for 
"Study about technical possibility to apply the tyre/road noise emission levels of Directive 
2001/43/EC without compromising vehicle safety". A proposal from the Forum of 
European National Highway Research Laboratories (FEHRL) won the contract and this 
report is part of Work Package 1 of the FEHRL proposal which aims at studying the 
“Potential for Reducing Tyre Noise Limits”. 
 
The aim of this report is to collect and compile information related to the technical 
possibilities to require tyres to meet lower noise limits than the limits currently in force; 
considering also the effect that lower limits may have on other important tyre performance 
characteristics such as safety (most notably wet skid resistance) and rolling resistance. 
 
All publicly available reports, papers, articles and other documents that deal to a 
significant extent with the subject and identified by the project consortium have been 
reviewed. Furthermore, some previously unpublished data are presented; most of which 
has been submitted to the project group by the European Tyre and Rim Technical 
Organisation (ETRTO). 
 
A rather large number of documents in some way dealing with various aspects of the 
Directive were identified and studied. The key findings are presented here; in many cases 
accompanied with figures and diagrams from the original documents. The following is a 
compilation of conclusions from the literature review. 
 
It is concluded that noise emissions from road traffic sources have been reduced only to a 
small extent and only for power unit noise, whereas no improvements are seen for 
tyre/road noise over the latest decades. The almost desperate needs for substantial noise 
reductions in society sometimes expressed by governments have no chance to come true 
unless more efficient tyre/road noise reductions take place.  
 
From the present situation one can conclude that already today there are much stricter car 
tyre noise limits indirectly imposed by Directive 92/97/EEC than that of Directive 
2001/43/EC; especially for OE tyres wider than 150-170 mm. In fact, it seems that 
Directive 2001/43/EC more or less can be neglected in comparison to 92/97/EC, the latter 
of which has been in force already for almost a decade. 
 
Thus, it seems that there is immediately a technical potential for reducing the tyre noise 
limit values to a performance corresponding to that which OE tyres on new vehicles during 
type approval have to meet. This technical potential is substantial, amounting to 2 -7 dB(A) 
depending on tyre width (near the lower end of the range at narrow widths and near the 
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higher end at larger widths) and what the actual tyre/road noise targets are for OE tyres 
related to 92/97/EC testing. 
 
The different studies reviewed in this report are quite consistent in their results, wherever 
the results are comparable, with regard to noise levels of existing tyres and the possible 
conflicts with safety and rolling resistance. Identified lacks of data include data for tyres for 
vans and small trucks (C2 tyres) and also for very wide tyres. 
 
The range between the noisiest and the quietest car tyres; including all tested widths, is 
about 10 dB(A) on an ISO surface, provided that one includes a few hundred tyres in the 
analysis. If one looks only at a single dimension or exchangeable dimensions (section 
width), the range is approximately 6-8 dB. For truck tyres, the range is about 10 dB(A) 
between the noisiest and the quietest tyres. This suggests that even with current tyre 
technology there is a great potential for noise reduction simply by selection of appropriate 
tyres. 
 
The average car tyre within each width class has a margin to the limit of 4-6 dB(A); and 
relatively very few tyres are closer to the limit than 2 dB(A). The quietest tyres are 8-9 
dB(A) below the limit. For truck tyres the margin from the average tyre to the limit is 
approximately 6 dB; very few tyres are closer to the limit than 2 dB(A). The quietest truck 
tyres are 9-10 dB(A) below the limit. 
 
The noise emission of retreaded tyres is similar to that of new tyres, except for the heavy 
vehicle tyres, for which the tested retreaded tyres were 2-4 dB(A) noisier than new tyres. 
However, this is not considered to be a general disadvantage of the retreading tech-
nology; it is rather due to a poor selection of (probably) unmodern tread moulds for these 
tyres. 
 
There is a big difference in the width influence on noise measured on tyres from the 
1980's (which probably were designed in the 1970's), through tyres of the late 1980's and 
early 1990's until the tyres measured around year 2000. The width influence was originally 
very prominent but has diminished to become insignificant in recent years; with a few 
exceptions: for very narrow tyres, for very wide tyres and when testing on other surfaces 
than the ISO surface. Within the width range of the majority of cars, tyre width does not 
appear to be a significant parameter for noise any more. It is only when tyres become 
exceptionally wide that noise appears to increase substantially. For truck tyres, it still 
seems justified to distinguish between the normal and snow classes. 
 
With regard to possible conflicts in the requirements for noise, safety and rolling 
resistance, the following conclusions are drawn: 
 
• Although several design properties of tyres seem to be in conflict when designing for 

noise reduction by conventional pattern and rubber changes, no significant conflicts 
have been detected on market tyres in practice.  

• None of the reviewed studies could detect a significant conflict between requirements 
for low noise and wet road braking or aquaplaning performance. One of them, based 
on a very small sample seemed to indicate such a conflict but when studying the data 
from another perspective it turned out that the assumed conflict could be explained by 
a tyre width influence. 

• None of the reviewed studies could detect a significant conflict between requirements 
for low noise and low rolling resistance. 
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• It follows that the limits with regard to skid resistance and rolling resistance which are 
planned for introduction within the near future cannot be justified from the point of 
view of noise; i.e., there is no reason to expect that the noise limits will mean that 
tyres with inferior performance concerning skid and rolling resistance will come into 
the market. Nevertheless, there may of course be other reasons for such limits, but 
this is not the subject of this report. 

• Several low noise tyres that also meet high standards in other respects than noise, 
such as safety and rolling resistance, are available. 

• The key point according to the industry is advanced technology: advanced technology 
will provide better performance for multiple parameters simultaneously.  

 
Unfortunately, it seems that fashion and styling concepts largely influence the tyre market 
as well as tyre design nowadays. Since it seems that fashion (in visual appearance of 
tyres) is in some conflict with low noise design principles, there should logically be a 
potential for better acoustical characteristics of tyres if visual appearance would not have 
an influence on tread pattern design. The styling concept called plus-sizing is also in 
conflict with low noise characteristics, as it is with safety and economy. One way to 
counteract the plus-sizing trend is to make noise limits independent of tyre width (possibly 
with exception of extremely wide tyres). 
 
The tyre industry seems to accept that 1-2 dB(A) lower noise levels can be achieved with 
today's technology, but the industry considers that a technological break-through is 
required if tyre producers have to manage a noise reduction of more than 3 dB(A) for all 
the tyre categories. 
 
Independent research organizations estimate the potential for tyre noise reduction by 
measures on the tyres using existing technology as 4-6 dB(A). 
 
In the long term perspective (perhaps a decade), there are a number of promising 
concepts for low noise tyres or tyre/wheel units using new technology. Some of them may 
provide a breakthrough which will give substantially lower tyre/road noise in the future. A 
selection of such concepts is presented in the report. 
 
Except for very few tyres, all tyres tested in studies reviewed here already meet the limits 
of 2001/43/EC even after the last steps foreseen in the Directive. Therefore, it is 
recommended to lower the limiting values as soon as is possible. 
 
A formal proposal for lower tyre noise limits has been put forward from the German 
Federal Environmental Agency (UBA). The proposal is summarized as follows: 
 
• Proposed reductions versus the limit values of the Directive amount to 1 to 5 dB(A) 

for passenger car tyres and 5 to 6 dB(A) for tyres for commercial vehicles. 
• Furthermore, the UBA is proposing that ambitious limit values for rolling resistance 

should be introduced as soon as possible.  
• For the sake of better consumer information, all tyres should be labelled with the type-

approval values for tyre-rolling noise and rolling resistance.  
• Retreaded tyres should be included in the scope of the Directive, at least for 

commercial vehicle tyres because of their remarkable share of about 50% on the 
market. 
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A proposal from TRL Limited put forward in a recent report outlines new limits in a couple 
of steps that finally arrives at approximately the same levels as the UBA proposal for car 
tyres. 
 
Nothing in this report, except perhaps the views of tyre manufacturers, indicates that the 
UBA or the TRL proposals are unrealistic or unbalanced. On the contrary, both the UBA 
and the rather similar TRL proposals seem to well represent a balanced approach for new 
limit values, bearing in mind the various results of this report. Consequently, it is 
recommended to use the UBA and TRL proposals in all their details as a basis for the 
decision on future limits. It is also recommended that not only OE tyres but also 
replacement and retreaded tyres shall meet such noise limits. 
 
Due to developments in road surface construction and use, the ISO 10844 surface can 
nowadays be considered as reasonably appropriate for testing of tyre/road noise 
according to the Directive 2001/43/EC, representing surfaces used on low- or medium-
speed streets in urban areas, especially if they are optimized for low noise. The ISO 
surface generally gives a somewhat lower noise level than most surfaces subject to 
normal traffic. 
 
However, it has been consistently demonstrated that the ISO surface does not represent 
the ranking of tyres on more rough-textured surfaces such as exist on some urban streets 
and most high-speed highways. The present smooth ISO surface is suitable for optimizing 
tread patterns but less suitable for determining appropriate measures related to vibration 
excitations from road textures. In general, low-speed roads tend to have lower textures 
where tread patterns are important while high-speed roads tend to have rougher textures. 
Consequently, it is very important that a second ISO surface is specified which has a 
significantly rougher texture than the present one. Otherwise, tyres will be sub-optimized 
only for low- or medium-speed streets in urban areas. 
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1 Background 

1.1 Introduction 

Directive 2001/43/EC, introducing limiting values for noise emission from tyres for road 
vehicles, was published in 2001. The limiting values distinguished between different types 
and widths of tyres and had to be observed for type approval of all new tyres three years 
later. The Directive includes a measuring method which had been worked out by a group 
"ERGA-Noise" under the Commission in the early 1990's and the suitable limiting values 
had been studied and discussed at the end of that work. When the directive was 
proposed, the Parliament was not satisfied with the limiting values in the proposal and in 
the following conciliation procedure a kind of "compromise" was reached. This 
"compromise" required more stringent limits to be set a few years after the introduction of 
the first limits; provided some conditions were fulfilled; most notably that such stricter 
limits could be set without compromising safety.  
 
Many researchers and organizations have expressed as their view that the selected 
limiting values are too liberal and have a negligible effect on overall traffic noise in society. 
Simultaneously, more and more reports have highlighted the traffic noise problem and 
indicated that traffic noise reduction overall is too slow or non-existing. The environmental 
noise Directive 2002/49/EC, generally called END, also calls for more effective regulations 
directed at sources of noise. The Commission "considers that legislative proposals to 
reduce noise emissions from all major sources should be made on the basis of robust 
evidence supporting such proposals" and has decided to "evaluate the need to come 
forward with new legislative proposals" [Commission, 2002]. 
 
The above makes it obvious that studies are needed to clarify and evaluate the technical 
possibilities to lower the limits for noise emission of the tyres. Thus, the Commission 
issued a call for tenders for "Study about technical possibility to apply the tyre/road noise 
emission levels of Directive 2001/43/EC without compromising vehicle safety". The 
proposal of FEHRL won the contract and this report is part of Work Package 1 which aims 
at studying the “Potential for Reducing Tyre Noise Limits”. 

1.2 Objectives 

The aim of this report is to collect and compile information related to the technical 
possibilities to require tyres to meet lower noise limits than the limits currently in force; 
considering also the effect that lower limits may have on other important tyre performance 
characteristics such as safety (most notably wet skid resistance) and rolling resistance. 
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1.3 Time trends in vehicle and traffic noise 

To look at time trends in noise emission from individual vehicles and from traffic, as well 
as analyzing the reasons for them, may give some hints related to future needs and 
possibilities. 
 
Simultaneously with the development of the tyre noise directive, the International Institute 
of Noise Control Engineers (I-INCE) conducted a study on the "The Effect of Regulations 
on Road Vehicle Noise" [Sandberg, 2001]. The report emphasized that although the 
vehicle noise reductions in actual traffic have been less than anticipated, there have been 
many and major positive effects from them. Due to the selected measuring method, 
mainly power unit noise had been affected. Tyres had been essentially unaffected by the 
regulations, at least until the latest tightening of limits which occurred in 1996. The report 
concluded that at high speeds, and for light vehicles also at medium speeds, noise had 
remained almost unaffected by the limits. However, substantial reductions had been 
achieved for heavy vehicles at low speeds. One of the reasons for the inefficiency of the 
noise limits was that the selection of limits during the first time period was too 
conservative and they were tightened too slowly. The major reason for the inefficiency at 
high speeds (and medium speeds for light vehicles) was that there were no efficient 
regulations for tyre noise. 
 
One illustration of the above mentioned inefficiency at high traffic speeds is shown in 
Fig. 1. This diagram shows vehicle noise levels (100+ vehicles in each point) measured 
with the SPB method beginning in the early 1970’s and continuing through 2005. The 
measurements have been made with similar methods and on similar road surfaces 
(however, the short-term variation partly indicates surface variations from year to year). 
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Fig. 1.  Vehicle population mean noise levels for light and heavy vehicles, as measured in 
different years at 80 km/h. Data collected in Denmark and in Sweden. The noise levels 
have been re-calculated to single-event equivalent levels normalized to 1 s (the number 
over each point identifies the measurement series). Diagram updated by this author in 
cooperation with J. Kragh, Danish Road Institute, based on [Sandberg, 2001]. 
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It appears that at highway speeds (80 km/h) vehicle noise has been essentially 
unchanged over the latest three decades. Since it is known that tyre/road noise dominates 
at these speeds, it means that tyre/road noise is essentially constant over the same time 
interval. There is even an indication that for light vehicles, noise (mainly from the tyre/road 
interaction) has increased over this time. The average level for the five latest years is 3 dB 
higher than the average for the measurements in the 1970’s. 
 
Dr A.R. Williams, a former head of research at Dunlop, now Associate Editor of Tire 
Technology International, acknowledges this trend as “no doubt this reflects the trend to 
lower aspect ratio, larger wheel diameter assemblies” [Williams, 2005-1]. 
 
As for overall road traffic noise one must take into consideration the increasing traffic 
volume; in some cases increasing or decreasing speeds too. In Norway, a recent report 
from Statistics Norway showed that the road traffic “noise nuisance” has increased by 
about 5-6 % during the period 1999-2003, which is in total contrast to the political ambition 
of the Government of reducing this nuisance by 25 % from 1999 to 2010 [Haakonsen et 
al, 2005].  
 
In Sweden, the goal is a reduction of the number of exposed people by 5 % from 1998 to 
2010 [SRA, 2001]. Present indications are, like in Norway, that the increasing traffic 
volume more than balances the noise reduction measures undertaken; resulting in an 
increasing exposure to traffic noise in society, even despite the undertaken reduction 
measures. It is estimated that there is presently an increase of up to 3 % per year in the 
number of noise-exposed people [SRA, 2005]. 
 
However, not all reports are that negative. A study of noise emissions in an urban area in 
Italy, indicated a slight decrease (0.3-0.5 dBA per year) in noise levels from 2000 to 2002 
[Volpi et al, 2003]. 
 
A comprehensive study in the UK showed that between 1990 and 2000 an average 
decrease in daytime LAeq noise levels of 0.6 dB(A) was recorded. It is stated that this is 
consistent with a reduction of vehicle noise levels balancing the increased traffic [Wright et 
al, 2002]. 
 
The reason why the Nordic observations and the Italian and British observations seem to 
be inconsistent with each other may be that in the Nordic countries, there is a lower 
population density resulting in a lower urbanization and less traffic congestion. Thus the 
difference may be explained by a higher proportion of power unit noise in the countries 
with higher population density than in the Nordic countries; and according to the I-INCE 
study it is (only) power unit noise that has decreased. 
 
Finally, a recent study aimed at quantifying the proportion of tyre/road noise in overall 
vehicle noise for different driving operations, concluded that tyre/road noise dominates 
over noise from all other sources together in all tested cars (of a recent model) when 
driving at constant speed in the second or higher gears; i.e. practically at all constant-
speed driving [Ejsmont & Ronowski, 2005]. The same was found even at full throttle 
operation; due to the increase in tyre/road noise when there is substantial torque on the 
tyres. Therefore, the study implies that for modern cars in Europe tyre/road noise is 
generally the most important source at all driving conditions except when starting on the 
first gear from standstill. 
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The conclusion is that noise emissions from road traffic sources have been reduced only 
to a small extent and only for power unit noise, whereas no improvements are seen for 
tyre/road noise over the latest decades. The almost desperate needs for substantial noise 
reductions in society sometimes expressed by governments have no chance to come true 
unless more efficient tyre/road noise reductions take place. It appears important to study 
the potentials for such improvements. 
 
 
1.4 Some recent policy statements 

The European Road Federation (ERF) issued in 2006 a report named "The Socio-
Economic Benefits of Roads in Europe" [ERF, 2006]. In this report the following policy 
statements related to noise issues can be found: "….there is a clear need for Europe to 
take a driving role in promoting targeted legislation, sharing solutions and achieving a 
common understanding of the potential for progress in order to reduce the road traffic-
related noise level." 
 
"Future progress can be expected through new tyre design (such as randomized read1 
pattern, narrow lateral grooves, etc.) and quieter engines (through acoustic shielding of 
the engine and multiple muffler systems). 
 
In recent years, however, the automotive sector's R&D efforts have been matched by 
progress from the road sector itself. Different road surfaces offer varying acoustic 
performance levels and constitute an affordable solution to tyre-road interaction noise." 
 
It may be particularly noteworthy from this that the ERF suggests that "there is a clear 
need for Europe to take a driving role in promoting targeted legislation".  
 
During the course of this project, the European Commission issued a final report for its 
initiative "CARS 21" [Commission, 2006]. The CARS 21 had a membership of its "High 
Level Group" including people from the Commission, Member States, the EU Parliament, 
Industry, Trade Unions, NGOs and Users. The 71-page final report deals with noise only 
as a very marginal item, stating only the following: 
 
"Further to its 1996 Green Paper (COM(96)540), the European Commission developed a 
new framework for noise policy, based on shared responsibility between the EU, national 
and local level. This document led to a comprehensive set of measures, including the 
Directive on Environmental Noise aimed at requiring competent authorities in Member 
States to produce strategic noise maps on the basis of harmonised indicators, to inform 
the public about noise exposure and its effects, and to draw up action plans to address 
noise issues. 
 
Recommendation n° 11: 
As in other policy areas, it is recommended that actions on noise policy should be 
proportionate and take appropriate account of the funct ioning of the internal market. A 
holistic approach should be pursued to tackle noise issues, involving all relevant 
stakeholders and systems (e.g. traffic management, driver behaviour, vehicle and tyre 
technology, road surfaces)." 
 
Obviously, there is no concrete statement regarding noise policy related to road vehicles. 
                                                        
1 Author's comment: "read" should read "tread" 
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2 Tyre noise in relation to vehicle noise 
limits according to Directive 92/97/EC 

2.1 Why this topic is of interest here 

It may not be immediately obvious why the relation between tyre and vehicle noise limits 
is of interest to the main topic of this report. However, the reason is that the present limits 
for vehicle noise, as given in Directive 92/97/EC, in many cases put a stricter requirement 
on noise emission of tyres than the specialized tyre noise Directive 2001/43/EC. 
Therefore, it is interesting to compare these requirements. 

2.2 Requirements based on the existing Directives 

The following text and diagrams are adapted from the Tyre/Road Noise Reference Book 
[Sandberg & Ejsmont, 2002]. 
 
Tyre manufacturers must not only make sure that their tyres meet the limits of Directive 
2001/43/EC, they also have to meet the requirements of the vehicle industry. Of course, 
vehicle manufacturers are very sensitive to the tyre/road noise inside their vehicles, since 
this is a major part of the acoustic signature of the vehicle in the ears of the customer. But 
the vehicle manufacturers also need tyres that are sufficiently quiet with regard to exterior 
noise during vehicle noise testing according to the ISO 362 method and its corresponding 
EU Directive or ECE Regulation. This feature is addressed in Fig. 2. 
 
Since 1996, new cars have to meet a nominal noise emission limit of 74 dB(A), tested at 
full-throttle acceleration on 2nd and 3rd gears past two microphones from a start speed of 
50 km/h up to around 65 km/h. This is illustrated as the red broken line at 74 dB(A) in 
Fig. 2. A vehicle manufacturer would then probably require that tyre/road noise is at most 
71 dB(A), since this gives the vehicle manufacturer the possibility to accept 71 dB(A) from 
the power unit of his vehicle. If he would accept 72 dB(A) of tyre/road noise, his power unit 
noise would have to be lower than 70 dB(A), and this would be much harder to achieve. 
Therefore, we can assume that in most cases the tyre/road noise target would be a 
maximum of 71 dB(A), at full-throttle acceleration.  
 
The target value indicated above is a very conservative assumption since, for example, 
[Harrison, 2003] suggests a target of 68 dB(A) for tyre/road noise during this test, when 
the overall vehicle noise target value is 74.2 dB(A). Further, the actual type approval 
values for cars are on the average 72 dB [Steven, 2002], which means that they would 
measure 73.0-73.9 dB(A) when considering also the subtraction of 1 dB and truncation. 
This would also call for a lower target value for tyre/road noise than 71 dB(A). 
Nevertheless, the following calculation assumes a target value o 71 dB(A).  
 
The noise increase due to torque at accelerations, typical of the present ISO 362, ranges 
from 0 to 6 dB, depending on tyre, gear selected and the engine power. On the second 
gear this increase is generally 2-4 dB (3.3 dB was predicted according to [Ejsmont & 
Ronowski, 2005]). On the third gear, this is generally around 1-2 dB. If 2 dB is chosen to 
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represent the torque effect as an average for the two gears used in ISO 362, this is a 
rather conservative value. Tyres meeting the 71 dB(A) target for full-throttle would then 
emit a maximum of 69 dB(A) at free-rolling; probably even lower. The speed would be 
around 57 km/h, since this is approximately an average speed of accelerating vehicles 
(average for the 2nd and 3rd gears) when the maximum noise level is read. Assuming a 
speed coefficient B of 35 (see [Sandberg & Ejsmont, 2002]), 69 dB at 57 km/h 
corresponds to 74 dB at 80 km/h, the latter of which is the reference speed for the tyre 
noise limits of 2001/43/EC. 
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Fig. 2.  Attempt to illustrate how the current vehicle noise limit (74 dB for cars) results in 
target requirements on tyre/road noise for tyres subject to considerable torque. This tyre 
noise target with torque can be translated to a target at free-rolling, and further translated 
to a corresponding noise level for free-rolling at 80 km/h. 
 
 
This means that tyre manufacturers supplying original equipment (OE) tyres to car 
manufacturers are likely to be forced indirectly by the manufacturers to supply tyres that 
emit a maximum of 74 dB(A) during a test according to the 2001/43/EC. This is lower than 
the 2001/43/EC tyre noise limits for all tyres except the very smallest ones2.  
 
As said before, the above assumes a very conservative target for tyre/road noise. If the 
target of [Harrison, 2003] would be used instead, the tyre manufacturers would have to 
supply tyres that emit a maximum of 71 dB(A) during the test of 2001/43/EC. As will be 
shown later, even this target is clearly achievable with today’s tyres. Therefore, it is likely 
that the target values for OE tyres lie in the range of 71 to 74 dB(A). According to 
Michelin, the OE and replacement tyres in Europe are very similar [Penant, 2005]; thus 
approximately the same should hold true for all car tyres. See also Section 14 on this. 
 
It follows that the requirements of 2001/43/EC are likely to be much less stringent for 
medium and large cars than the indirect limits following from the current vehicle noise 
limits. It also follows that the Directive 2001/43/EC can be neglected in comparison to the 
Directive 92/97/EC which has been in force since 1996. 
 
                                                        
2 Considering that on shall truncate the measured level and subtract 1 dB before comparing to the limits 
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For heavy vehicles, it is extremely difficult to make a similar comparison since the actual 
test speed, the gear and the slip of the tyre varies to a very large extent from vehicle to 
vehicle. However, one may find a few cases where the same as above would happen; 
although it is much rarer than for cars. 

2.3 Requirements based on the new measuring method for 
vehicle noise 

A working group under ISO, designated ISO/TC 43/SC 1/WG 42, is currently working out 
a new measuring method for vehicle noise, intended to replace the existing method in 
ISO 362 which is the basis for Directive 92/97/EEC. The new method, which aims at 
providing driving conditions which are more common in actual traffic than the present full-
throttle operation, is now in its final stage within the ISO approval procedure; recently 
having reached the Draft International Standard (DIS) level and being prepared for Final 
Draft International Standard (FDIS). 
 
Simultaneously, the GRB (the noise group under UN/ECE/WP 29) is preparing a similar 
method for use in the ECE regulations on vehicle noise. Since the Commission has 
expressed the intention to adopt such a future ECE standard as its own, one may assume 
that the essentials (if not all) of the ISO/DIS 362-13 will be carried over as an amended 
Directive. 
 
The new method will include the following features of relevance to tyre/road noise: 
 
For cars: 
 

• One part of the test will be a constant speed pass-by, normally at 50 km/h (in the 
present ISO 362 only full-throttle operation takes place) 

• There will still be a full-throttle test (maximum acceleration) but it will be at a 
slightly lower speed (50 instead of around 60 km/h) and will for most vehicles be 
made in higher gears than is presently the case. The accelerations will also be 
significantly lower. 

• Instead of just calculating the arithmetic average of the tests on the two gears, as 
is made today, the new method will combine the two values in a complicated 
manner depending on the vehicle power and mass. 

 
Most independent noise researchers consider the constant speed component of the test 
as being almost 100 % a tyre noise test (which is new). The full-throttle component of the 
test can be compared to today’s test as follows: Significantly lower accelerations will mean 
lower tyre noise increase due to torque (perhaps by 1 dB) and the somewhat lower driving 
speed will also mean lower tyre noise (perhaps by 2 dB). However, the lower engine 
speeds (higher gears) will also create lower power unit noise and it is rather likely that the 
changes in power unit and tyre noise will largely balance each other. The combination of 
the full-throttle and the constant speed test into a final value will be critical for the 
outcome, with regard to the relations between tyre noise and power unit noise. For most 
vehicles, the constant speed value will have lower weight than the full-throttle values. 
 

                                                        
3 Which is the formal designation of the present ISO draft 
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If the limiting values will be adjusted to imply approximately the same stringency with 
respect to the vehicle market as is currently the case (which has been discussed), it 
should mean that the new limiting values will be reduced by 2-4 dB [CLEPA, 2005]. 
Assume 2 dB and the new limit for cars will be 72 dB. Putting this into Fig 2 instead of 74 
dB (at 50 km/h), assuming the torque effect to be 1.5 dB rather than 2 dB in the old 
method, plus assuming that vehicle manufacturers will accept tyre noise to be 2 dB below 
the limit, it will mean that the tyre noise requirement will be about 1 dB less strict than that 
of the old method. 
 
The author’s conclusion is that the new method will mean a higher proportion of tyre noise 
in the overall vehicle noise. If the new ECE regulations will be based on this method, and 
if the limiting values will be adjusted to imply approximately the same stringency with 
respect to the vehicle market as is currently the case, it will mean that the new ISO 362 
and the amended vehicle noise Directive following this will be a more severe requirement 
for OE tyres as the present tyre noise Directive; at least for the larger half of the car 
market. However, it will also mean that any future reductions in vehicle noise limit will 
have to be borne almost entirely by the tyres. If the proposal outlined as Stage 2 
(suggested from the year 2015) in [Chair R51, 2005] will be realized, it will very likely 
mean substantially stricter tyre noise limits than the present ones of Directive 2001/43/EC; 
for the widest tyres probably around 5 dB lower than present limits. 
 

2.4 Conclusions 

From the present situation one can conclude that already today there are much stricter car 
tyre noise limits indirectly imposed by Directive 92/97/EEC than that of Directive 
2001/43/EC; especially for OE tyres wider than 150-170 mm. In fact, it seems that 
Directive 2001/43/EC more or less can be neglected in comparison to 92/97/EC, the latter 
of which has been in force already for almost a decade. 
 
With the new measuring method currently being worked out, this indirect car tyre noise 
requirement will probably not immediately become more severe. However, with the 
lowering of future vehicle noise limits, this indirect tyre noise requirement will become 
more severe than it is presently according to the existing measuring method. 
 
Thus, it seems that there is immediately a technical potential for reducing the tyre noise 
limit values to a performance corresponding to that which OE tyres on new vehicles during 
type approval have to meet. This technical potential is substantial, amounting to 2-7 dB(A) 
depending on tyre width (near the lower end of the range at narrow widths and near the 
higher end at larger widths) and what the actual tyre/road noise targets are for OE tyres 
related to 92/97/EC testing. 
 
In the future, if vehicle noise is to be reduced in comparison to the present situation, and 
assuming that the new method is in force, almost all the noise reduction must be provided 
by the tyres. Very little noise reduction contribution will have to be provided by the power 
units of the cars; compared to the power unit noise of today’s new cars. 
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3 The limits in Directive 2001/43/EC 

The following is a summary4 of the limiting values specified in Directive 2001/43/EC. The 
Directive requires new tyres to meet the limits indicated in Table 1 and illustrated in Fig. 3. 
The measuring method is the coast-by method, with a reference surface according to ISO 
10844. For cars (C1) and vans (C2), all measured and limit values are normalised to 80 
km/h and for trucks (C3) to 70 km/h. Note that this means that the values for truck tyres 
are not directly comparable to those for the other categories due to the speed difference.  
Replacement tyres are not yet subject to these noise limits which concern only OE tyres. 
 
For car tyres (class C1), the limits depend on tyre section width; see the upper half of 
Fig. 3. Reinforced tyres are allowed one extra dB and "special" tyres (e.g. for off-road use) 
are allowed two extra dB. For van or light truck tyres (class C2), as well as for heavy truck 
tyres (class C3), the limits do not depend on tyre width, rather on the use of the tyres: 
"Normal", "Winter" and "Special". "Special" tyres are e.g. tyres for use on trucks partly 
driven off-road, for example trucks carrying building construction material, like gravel. 
 

Table 1.  Noise emission limits for new tyres according to Directive 2001/43/EC. Note that 
the values in the 3rd and 4th columns are only indicative. Final values will be decided after 
further studies have been made by the Commission (i.e., this study and possibly others).  
 

Type of tyre, 
section width [mm] 

Limit value 
[dB(A)] 

Limits after first 
tightening 

Limits after second 
tightening 

Tyres for cars (C1)****: 
<145 72* 71* 70 

>145   <165 73* 72* 71 
>165   <185 74* 73* 72 
>185   <215 75** 74** 74 

> 215 76*** 75*** 75 
Tyres for vans and light trucks (C2): 

Normal 75   
Snow 77   

Special 78   
Tyres for heavy trucks (C3): 

Normal 76   
Snow 78   

Special 79   

*   Limit values in column 2 shall apply until 30 June 2007; limit values in column 3 shall apply 
as from 1 July 2007 
**  Limit values in column 2 shall apply until 30 June 2008; limit values in column 3 shall apply 
as from 1 July 2008 
***  Limit values in column 2 shall apply until 30 June 2009; limit values in column 3 shall apply 
as from 1 July 2009 
**** Reinforced car tyres are allowed 1 dB higher limits 
**** "Special" car tyres are allowed 2 dB higher limits 

                                                        
4 The main part of this section is copied from the Tyre/Road Noise Reference Book [Sandberg & Ejsmont, 
2002] 
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The soft blue lines in Fig. 3 show the nominal limit values, identical to those of Table 1. 
However, the measuring method requires that measured values be truncated, meaning 
that decimals are deleted. Furthermore, measured values shall be reduced by 1 dB. The 
latter intends to give an allowance for possible measuring errors. In practice, these two 
rules mean that a measured level of (for example) 75.9 will become 74 dB when a 
comparison with limits is to be made. It means that the actual limit in relation to what one 
measures is 1.9 dB higher than the nominal limit. The actual limits according to this 
reasoning are indicated in Fig. 3 as solid red lines.  
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Fig. 3. The limiting values of Table 1 in graphical form. The nominal limits are indicated in 
blue lines. The red lines are the nominal limits increased due to the rules regarding 
treatment of measured values; i.e., 1 dB allowance for measuring errors and the dropping 
of decimals. Note that values for C2 and C3 tyres are not directly comparable since the 
reference test speed is 80 km/h for C2 tyres but 70 km/h for C3 tyres. Such a speed 
difference corresponds to approximately 2.0 dB in noise difference. 
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4 Essential data measured up to 1995 

In this report there is a distinction between data measured in the latest decade and data 
measured earlier. There are three reasons for this: 
 

• From 1996, vehicles had to meet the present noise limits according to which tyre 
noise has become an important concern (see Section 2.2), and this might have 
affected the tyre population at least the OEM tyres 

• At about the same time it became obvious that tyre noise limits would be 
introduced within a few years, actual to-be limits had been discussed, and it is 
likely that tyre producers started to take this fact into consideration 

• The earlier data are of less relevance than the more recent data; for example since 
the ISO 10844 surface became mandatory to use from 1996 in vehicle noise 
measurements. 

 
Many organizations have carried out measurements comparing the noise emission of 
various tyres. However, in most cases only a small number of tyres (10 or less) have been 
compared and the selected tyres have been new, being of similar dimensions and 
designs. In such cases, it was common that very small differences were found, generally 
only 1-3 dB(A). This was often taken as evidence of a difficulty to affect noise emission by 
tyre changes or by the introduction of limit values.  
 
On the other hand, it was also popular to test the tyres on quite different road surfaces, 
especially including newly laid porous asphalt surfaces, in which case one will find a 
rather large difference due to the surfaces (generally say 5-7 dB). The effect of selecting 
rather similar tyres but very different road surfaces in studies like this resulted in the 
conclusion that one should concentrate on road surface design and might forget about the 
tyre design. 
 
However, when including a larger tyre sample in the studies (say 20 or more tyres), the 
picture was different. An example is the results of testing 20 truck tyres, presented in 
Fig. 4. Although the dimension was not varied and the tyres were not substantially worn, 
there is a range of 10 dB between the quietest and the noisiest tyres, with 4 dB between 7 
rib tyres (for steering and trailer axles) and 8 dB between 13 block-pattern tyres (for drive 
axles). The test track surface was of a design similar to an ISO 10844 surface but with 
maximum 12 mm chippings instead of 8 mm. According to experience, it is likely that tests 
on an ISO surface would have indicated greater differences between tyres. 
 
While the coming tyre noise directive was discussed, i.e. in the first half of the 1990’s, a 
few tests of larger number of tyres were conducted, using the supposed conditions of the 
measuring method specified in the draft directive. By that time, the first ISO surfaces were 
also available. To obtain a basis for the limiting noise levels, the Commission ordered 
tests according to the proposed method to be conducted in 1992-1993. Three 
organisations conducted such tests: UTAC in France, TRL in the UK and FIGE GmbH in 
Germany. These data were reported directly to the Commission and to ERGA-NOISE but 
were never officially published (as far as the author knows). In the ERGA-NOISE 
document series, these were: 
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• Document 39 of ERGA/NOISE: TRL [Nelson et al, 1993] 
• Document 44 of ERGA/NOISE: UTAC [Marduel, 1995] 
• Personal communication with Mr. H. Steven, FIGE GmbH (currently TÜV), 

Herzogenrath, Germany, in the form of tables “Anhang A” [Steven, 1993]. 
Essentially the same data was available in [Köllman, 1993]. 
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Fig. 4.  Tyre/road noise from 20 truck tyres (dimension 12R22.5), measured in 1987 by 
VTI with an "old" CPX method on a dense asphalt concrete surface (MAB12T, see text) 
[Sandberg & Ejsmont, 2002].  

 
 
Most of these data, which were measured in 1992-93, are plotted in Fig. 5. It should be 
noted that the FIGE tests [Steven, 1993], which included the majority of the measured car 
tyres, were made with a slightly different method (trailer coast-by). The basic data 
measured at 80 km/h on an ISO surface and corrected for temperature (according to the 
draft EU Directive) were used. In order to be able to use the FIGE data here, despite the 
different measurement method, this author has made the following data processing: 
 
 All original levels have been increased by 3.4 dB(A), a value obtained by FIGE in a 

separate test in which they checked the relation between the method they used and the 
EU draft method (ERGA document No. 41, from ACEA, Dec. 1993). 

 
Fig. 5 shows the measured values for the three studies: one point per tyre. In the figure, 
also the nominal limits have been indicated, as well as these nominal limits increased by 
the 1.9 dB following due to the treatment of measured values discussed above. 
 
The figure shows that a relatively small number of the tested tyres exceed the limits. Note 
that several of the car tyres that exceed the limits in the figure in fact are reinforced or 
special tyres that are allowed an extra 1 or 2 dB. Thus it can concluded that only a small 
percentage  of the tested tyres on the market at the beginning of the 1990's exceeded the 
limits to be established a decade later; namely about 9 % of the car tyres, 17 % of the van 
tyres and 7 % of the truck tyres.  
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Fig. 5. Tyre/road noise levels measured by three European organizations (one tyre per 
point); see the main text. Car tyres are plotted in the upper diagram, van and truck tyres in 
the diagram below. Also, the noise emission limits that new tyres will have to meet 
according to the tyre Directive 2001/43/EC are indicated.  
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However, at that time, the European Tyre and Rim Technical Organisation (ETRTO) 
considered the limits as being 2 dB too strict; see the introductory "Motivation" in 
[Commission, 1997]. As a contrast, the Nordic countries acted together and in a letter to 
the Commission suggested limits, the values of which were similar to the finally decided 
ones, but which in practice were about 2 dB more stringent as they expressly did not allow 
for any truncation and subtraction of the measured values [Nielsen et al, 1995]. 
 
The data in Fig. 5 also shows that there were for the most common tyre dimensions tyres 
which were substantially quieter than the limits would allow; namely 5-6 dB below the 
maximum allowed levels for car tyres and 7-8 dB for the heavy truck tyres.  
 
The same data were used in a Dutch study to predict the influence on road traffic noise of 
two tyre noise regulation scenarios [van Blokland et al, 1996]. The authors specified one 
scenario having one single limit for all tyres within the C1, C2 and C3 categories, and 
another one having multiple limits within each category. This was approximately what was 
later decided on in Directive 2001/43/EC with a distinction between car tyre widths and 
heavy tyre types. The result was that multiple limits gave much better effect; the single 
limit scenario would need an unrealistically low limit in order to have an effect on overall 
traffic LAeq levels of 1 dB or higher. In order to have such an effect with the multiple limit 
scenario, about 35-45 % of the (then) present tyres would need to be replaced with 
quieter ones. 
 
Since the number of tyres of the (then) existing tyres to be eliminated by the coming limits 
would be only 7-9 %, provided the measurements had shown results that were fairly 
representative of the entire European market, it was obvious already from the beginning 
that the first limits would have a negligible effect on overall traffic noise. 
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5 Noise levels of modern, new tyres 

5.1 Measurements on about 100 car tyres in Sweden and Poland 

As part of a study to explore the relations between noise, friction and rolling resistance of 
tyres, approximately 100 car tyres were selected for testing. Most of these tyres were 
tyres from the replacement market. It was attempted to include a great variety of tyres 
(although dimensions were normally 185/65R15 or 195/65R15), including tyres that were 
expected to be "quiet" as well as "noisy", and to include popular market tyres. The results 
are presented in Fig. 6. The figure is based on measurements at 80 km/h on a typical 
public road in Sweden in 1997-99 with the CPX5 method. The chosen road surface was 
the most common one in Sweden on high-traffic roads in the late 20th century. 
Measurements were also made on two other public road surfaces. 
 
The range of these measured noise levels is 10 dB, but when one excludes the "worst" 
tyres, which were studded, the range narrows down to 9 dB. Two thirds of the tyres are 
within 2.5 dB. 
 
Most studies of tyre noise are made on the ISO 10844 surface. In this project such 
measurements were made on a replica of an ISO surface covering one of the drums of 
TUG. Fig. 7 shows the results on this surface. The range of these measured noise levels 
is 8 dB, excluding the smooth and pattern-less PIARC reference tyre. Studded tyres are 
not included here since such tyres make damage to drum surfaces. Two thirds of the tyres 
are, again, within 2.5 dB. 
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Fig 6.  Tyre/road noise from approximately 100 car tyres, measured with the CPX method 
in 1997-99 by TUG and VTI in cooperation. The road surface was a dense asphalt 
concrete  surface DAC 0/16 in "average" condition. From [Sandberg & Ejsmont, 2002]. 

                                                        
5 CPX = Close-Proximity; a method in which two microphones are located close to a test tyre and the test 
tyre is run in free-rolling conditions for a certain distance under which the mean noise level is measured. 
Generally, such values are approx 20 dB higher than coast-by values at 7.5 m, due to the closer distance. 
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Fig. 7. Tyre/road noise from 94 car tyres, measured 1997-99 by TUG with the CPX 
method on a replica of an ISO 10844 surface. From [Sandberg & Ejsmont, 2002]. 

 
 
Smooth, pattern-less tyres are often considered as the ultimate tyres in terms of low 
noise. The measurement here indicated that if this would be the case, the technical 
potential for reduction by playing with the tread pattern is about 6 dB from the middle of 
the range and 2-3 dB from the quietest tyres found. 
 
The results also showed that speed ratings do not correlate well with noise levels. They 
further showed that the quietest tyres are some winter tyres, whereas there are also noisy 
winter tyres. A further analysis showed that winter tyres prepared for studs as a group had 
the same average noise level as summer tyres, but winter tyres not intended to have 
studs were about 1 dB(A) quieter than summer tyres and than winter tyres intended for 
studs. Evidently, the principles used in winter tyres not intended to use studs are useful to 
create quieter tyres. 
 
 
 
5.2 Measurements in Germany 

In Germany, very extensive measurements have been made by TÜV, sponsored by the 
Federal Environmental Agency (Umweltbundesamt – UBA), over the period 1998-2002. 
First, as part of activities for the award of the "Blue Angel" ecolabel to low-noise and fuel-
saving tyres, a representative selection of 48 different tyre types sold on the market was 
used to determine the state of the art [Stenschke & Jäcker-Cüppers, 1999]. The study 
showed that the noise emissions from all 48 tyres, using two of the most commonly used 
tyre widths, were well below the limit values required in the (then) proposed directive.  See 
Fig. 8. 
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Fig. 8. Noise emissions from 48 car tyre types measured according to the proposal for 
Directive 2001/43/EC. Measurements made on the ISO 10844 test track at TÜV Allach, 
reference temperature: 20°C. From [Stenschke & Jäcker-Cüppers, 1999]. Note that the 
difference between measured values and limits are even higher than indicated in the 
figure since measured values should also be truncated and 1 dB shall be subtracted 
before comparing to limits. 
 
 
A later project, reported in 2002, concentrated on van and truck tyres [Reithmaier et al, 
2002]. The aim of this study was to investigate rolling noise, rolling resistance and wet 
road braking characteristics of various tyres of four different size categories mounted 
either on the steering axle or the drive axle of the truck. Each tyre population comprised 4 
or 5 tyre brands selected according to market relevance. The resulting database included 
the following measurements: 
 

• Measurements of noise emission according to 2001/43/EC (ISO surface) 
• Measurements of rolling resistance according to ISO 8767 (smooth steel drum 

surface) 
• Measurements of wet grip (<1.5 mm water depth) as braking distance, when 

braking from a high speed to standstill. In the case of the 225/70 R15C tyres the 
braking test were made with the tyres mounted on a vehicle in the other cases with 
the tyres mounted on a test trailer. The average deceleration is calculated on the 
basis of the measured distance recorded when decelerating the vehicle equipped 
with an ABS system, between the speeds given in the table: 

 
Tyre category Tyre dimension Speed 

C2 (van) 225/70 R15C 90 – 10 km/h 
C3 (truck) 215/75 R17,5 60 – 30 km/h 
C3 (truck) 275/70 R22,5 70 – 30 km/h 
C3 (truck) 315/80 R22,5 70 – 30 km/h 
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Approximately at the same time, similar measurements were made on new sets of car 
tyres [Reithmaier & Salzinger, 2002]. The aim of this study was to investigate rolling noise, 
rolling resistance, aquaplaning and wet road braking characteristics of various car tyres in 
six different dimensions. Each tyre population comprised between three and eleven tyre 
brands selected according to market relevance, covering a broad range from outstanding 
to poor performance in the single criteria. The resulting database included the following: 
 

• Measurements of noise emission according to 2001/43/EC (ISO surface) 
• Measurements of rolling resistance according to ISO 8767 (smooth steel drum 

surface) 
• Measurements of aquaplaning characteristics (8 mm water depth in a basin). An 

aquaplaning speed is defined as the speed at which a slip of 15 % is reached 
when accelerating on the 3rd or 4th gears. 

• Measurements of wet grip (<1.5 mm water depth) as braking distance, when 
braking from a high speed to standstill, using an ABS system. The average 
deceleration is calculated on the basis of the measured distance recorded when 
decelerating the vehicle between 80 km/h and 10 km/h 

 
For the two studies together, a total of 82 car tyres and 32 truck tyres were selected. They 
covered car tyre widths 155-225 mm (rim diameters 14-17 inches) and truck tyre widths 
215-315 mm (rim diameters 17.5-22.5 inches). Of the 82 car tyres, 37 were winter or all-
weather tyres. 
 
The results can be described in many ways and have been reported in many documents; 
the main one being [Reithmaier et al, 2002] and [Reithmaier & Salzinger, 2002]. Other 
references using these results, sometimes in a little different ways, include for example 
[Stenschke & Jäcker-Cüppers, 1999], [Stenschke & Vietzke, 2000], [Stenschke & Vietzke, 
2001], [Stenschke & Rauterberg-Wulff, 2004], and [Stenschke & Vietzke, 2005].  
 
The results, in terms of noise levels, of the study on car tyres are presented in Fig. 9, 
while the results of the study on van and truck tyres are presented in Fig. 10.  Note that the 
measured noise levels on which the bars are based have been treated as is specified in 
the Directive (i.e., truncation and subtraction are already performed). 
 
It is quite obvious from the graphs that a majority of tested tyres are well below the limits, 
for all kinds of tyres. If one would consider the "immediate" technical potential as what the 
average tyre represents, this potential is 3-7 dB. If one would consider the long-term 
technical potential as what the quietest tyre represents, the potential is 5-9 dB. 
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Fig. 9. Comparison of tyre noise levels with the current limits (car tyres). Figure prepared 
by BASt6, based on data in [Reithmeier & Salzinger, 2002]. Tyre class C1b means widths 
145-165 mm, C1c 170-185 mm, C1d 190-215 mm and C1e > 215 mm. 
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Fig. 10. Comparison of tyre noise levels with the current limits for van (C2) and truck  (C3) 
tyres. Figure prepared by BASt, based on data in [Reithmeier & Salzinger, 2002].  
                                                        
6   BASt = Bundesanstalt für Straßenwesen = Federal Highway Research Institute (in Germany) 
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5.3 Measurements in the Netherlands 

A study on truck tyres within the large Dutch IPG7 program was conducted by M+P8 in 
2003 [Reinink et al, 2005]. Since there is not too much information available for truck 
tyres, this is an important supplement to other studies reported here. The tests were made 
on various road surface types but the results reported here are for an ISO 10844 surface.  
 
Only the noise measurements which were done in accordance with the Directive were 
used for the diagrams. The report contains the actual values but for the comparison with 
the actual limits, see Fig. 11, these values were truncated and reduced by 1dB as 
required in the Directive.  
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Fig. 11. Comparison of truck tyre noise levels with the current limits. Figure produced by 
BASt based on data measured by M+P [Reinink et al, 2005]. 
 
 
It appears that one of the 15 tested tyres exceeds the limit value and that another one is 
just 1 dB below the limit. Else, the results are in line with the German results. The one 
exceeding the limit, 7-9 dB noisier than any of the others, is a tyre containing pockets in 
the tread. Such a tyre is known to give exceptionally high air pumping noise and is no 
longer produced. Note that two of the tyres in the diagram are worn. One is a slick tyre (no 
tread pattern). Both worn tyres happen to give lower noise than their counterparts in new 
condition. Surprisingly the slick tyre is not the quietest. 
 

                                                        
7 IPG = Innovatieprogramma Geluid, is a very large research programme aiming at reducing traffic noise, see 
http://www.innovatieprogrammageluid.nl/  
8 M+P = a consulting company in the Netherlands, see http://www.mp.nl/  
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A test program for car tyres has also been conducted by M+P [Roovers, 2003]. In Fig. 12 
the noise emission of 23 tyres is presented as they were measured according to the EU 
directive. These values were calculated using only the measurements which are 
appropriate for this matter. The prescribed temperature correction is included, values are 
rounded to the lower whole number, and 1 dB(A) is subtracted. 
 
 

 
 
Fig.12. EU Noise levels of 23 car tyres as a function of the nominal section width; the size 
of a dot represents the number of tyres with a certain noise level ranging from 1 (smaller 
dot) to 3 (larger dot). From [Roovers, 2003]. The discontinuous line represents the EU 
limit values in 2001/43/EC. 
 
 
The results seem to show that there is no apparent effect of tyre width on the measured 
noise, and that the margin to the limiting levels is large (2-7 dB(A)). 
 
 
5.4 Measurements elsewhere 

Fig. 13 presents results of an Austrian study comprising seven car tyres and three truck 
tyres, measured on a number of ISO surfaces as well as common road surfaces [Haider 
et al, 2004]. The measured values in the figure have been truncated and 1 dB subtracted 
before comparing with the limits. 
 
The results show that except for one car tyre which is 1-2 dB below the limit, all tyres are 
several dB below the limits. All truck tyres are at least 4 dB below the limit and the 
quietest car tyre is 7-8 dB below the limit, depending on size. It also appears that the ISO 
surfaces are among the quietest surfaces tested, except for the porous ones (OPA). 
 
SINTEF in Norway recently has measured 20 car tyres on an ISO surface and else 
according to the requirements of 2001/43/EC. The results are shown in Fig. 14. The 
corresponding limit values, plus 1 dB for the subtraction and 0.9 dB for the truncation are 
at the levels 75.9 dB for the 175 mm width and 76.9 for the two greater widths. 
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Fig.13.  EU noise levels of seven car tyres and three truck tyres (one tyre per vertical 
column of symbols); measured in Austria [Haider et al, 2004]. The darker green area 
represents the EU limit (and higher values) in 2001/43/EC. Each set of points connected 
with a line denotes one road or test track surface, according to the list at the right. 
 
 

 
 
Fig.14.  EU noise levels of 20 car tyres (one tyre sample per symbol); measured by 
SINTEF in Norway [Berge et al, 2005].  
 
 
It then appears that the measured values are 2-5 dB lower than the limit for the 175 mm 
tyres and 3-6 dB lower than the limit for the wider tyres. No width influence can be seen. 
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The range between the quietest and noisiest tyres is 4.5 dB if all three dimensions are 
included and 3-4 dB within each dimension. 
 
 
5.5 Compilation of results 

This author recently compiled the results of all the above mentioned studies into one 
diagram which is reproduced in Figs. 15-16 [Sandberg, 2005]. In Fig. 15, recent data from 
TRL Limited have also been introduced [Watts et al, 2005]. Note that in order to avoid too 
many data points coinciding; some of the measurement points have been displaced 
marginally to the left or right of the nominal tyre width. Measured data have not been 
truncated or 1 dB subtracted; instead the nominal limits are shown together with the limits 
increased to the maximum measured noise level that would pass the limits (the solid red 
line). The figures now include data for 174 car tyres and 45 truck tyres, which is currently 
the most comprehensive data collection of this type known to the author. It may be that a 
few of these tyres (but only very few) are duplicate measurements; i.e., one organization 
might have measured a tyre type which was already measured by another organization. 
 
Some notes are justified for the M+P data for truck tyres. The point for C3 normal tyres 
exceeding the limit is a tyre containing pockets in the tread. Such a tyre is known to give 
exceptionally high air pumping noise and is no longer produced. Note also that two of the 
M+P tyres in the diagram are worn and one is a slick tyre (no tread pattern), see more 
details in Fig. 11.  
 
 
5.6 Conclusions 

The following conclusions can be made from the tyre/road noise tests in recent years 
reviewed above: 
 
The different studies reviewed here are quite consistent in their results, wherever the 
results are comparable. 
 
The range between the noisiest and the quietest car tyres; including all tested widths, is 
about 6-8 dB(A) on an ISO surface. If one looks only at a single dimension (section width), 
the range is approximately the same. For truck tyres, the range is about 10 dB(A) between 
the noisiest and the quietest tyres9. 
 
The average car tyre within each width class has a margin to the limit of 4-6 dB(A); very 
few tyres are closer to the limit than 2 dB(A). The quietest tyres are 8-9 dB(A) below the 
limit. For truck tyres the margin from the average tyre to the limit is approximately 6 dB; 
very few tyres are closer to the limit than 2 dB(A). The quietest truck tyres are 9-10 dB(A) 
below the limit. 
 
The pronounced width influence on noise which existed earlier cannot be detected in the 
recent measurements. Width does not appear to be a significant parameter for noise any 
more. For truck tyres, it still seems justified to distinguish between the normal and snow 
classes. 

                                                        
9 If one excludes the extreme truck tyre with air pockets in the tread. 
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Fig. 15.  Measured sound levels of 174 car tyres at 80 km/h on ISO surfaces in the 
Netherlands, Austria, Norway, United Kingdom and Germany, compared to the EU limits. 
Data from [Roovers, 2003], [Stenschke & Vietzke, 2001], [Reithmaier & Salzinger, 2002], 
[Berge et al, 2004], [Watts et al, 2005] och [Haider et al, 2004].  
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Fig. 16.  Measured sound levels of 45 truck tyres at 80 km/h (C2 tyres) och 70 km/h (C3 
tyres), on ISO surfaces in the Netherlands, Austria and Germany, compared to the EU 
limits. Data from [Stenschke & Vietzke, 2001], [Haider et al, 2004] and [Reinink et al, 
2005].  
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6 Noise levels of retreaded tyres 

6.1 Studies in Sweden, Poland and Germany in the 1990's 

Retreaded tyres have a high market share in Europe. For truck and bus tyres, 
approximately half of the tyres in traffic are retreaded. For car tyres, it is not a big share, 
except in the Nordic countries where 25 % are retreaded; most of them winter tyres. 
Retreaded tyres are not yet subject to noise limits, but within the ECE such limits for 
retreaded tyres are currently being discussed. It follows that it is interesting to see if 
retreaded tyre differ significantly from new tyres in terms of noise generation. One 
frequently can hear speculations suggesting that the new tyres "must" be quieter than the 
retreaded ones. 
 
The first study reviewed here involved tests performed by VTI in 1987 on 20 truck tyres. 
These tests indicated that 6 retreaded tyres were equally quiet or noisy as "ordinary" new 
tyres [Sandberg, 1991-2]. During the experiment, radial tyres of the size 12R22.5 were 
tested with the trailer method (CPX) on four surfaces. Averaged results of the tests are 
shown in Fig. 17. The differences between new and retreaded tyres were within ±1dB. 
Such small differences may probably be related to the tread pattern characteristics since 
the treads of the retreaded tyres were visually more "aggressive" than those of  the other 
tyres. This may explain why the retreaded tyres were less noisy than new tyres on the 
rough surface but noisier on the smooth surfaces. 
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Fig. 17.  Averaged results for 13 "ordinary" and 6 retreaded truck tyres tested on four road 
surfaces. Test by VTI reported in [Sandberg, 1991-2]. 
 
 
The next study was made in 1992-93 in Germany by FIGE GmbH [Köllman, 1993]. They 
used a special trailer (see Fig. 16.29) that was towed past a roadside microphone with 
different car tyres mounted on the trailer axle. Normal coast-by measurements were made 
except that the vehicle was this special trailer and not a four-wheel car. They considered 
the effect of the tow vehicle as negligible. Anyway, the comparison of the various tyres 
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should not be affected by this method. By kind permission of FIGE-TÜV, the authors of 
the Tyre/Road Noise Reference Book [Sandberg & Ejsmont, 2002] could process the 
German data to compare sound pressure levels of the retreaded and the new tyres. The 
results are shown in Fig. 18. 
 
Fig. 18 shows that the tested 11 retread tyres were marginally noisier than the new tyres 
on the smooth ISO surface while they were marginally less noisy than the new tyres on 
the rougher surface dressing. It also seemed that the retreaded winter tyres compared to 
the new tyres less favourably than the summer retreads. 
 
 

68

69

70

71

72

73

74

Summer Winter All tires

A
-w

e
ig

h
te

d
 S

P
L

 [
d

B
]

 .

Retreaded

Factory new

JE _RE T RE A D2

ISO ISO

Splitt

ISO

SplittSplitt

 
  
Fig. 18. Comparison between exterior noise measured on 11 retreaded car tyres 
compared to 46 ordinary new tyres of the same dimensions. Data from [Köllman, 1993] 
normalised to 20 oC, processed in the Tyre/Road Noise Reference Book. Surfaces were:  
-  ISO = dense asphalt surface with 0-8 mm chippings, meeting the specs of ISO 10844 
-  Splitt = single surface dressing with 2-5 mm chippings placed on top of SMA 0/11 
 
 
In 1999 the Technical University of Gdansk (TUG) and the Swedish Road and Transport 
Research Institute (VTI) conducted tests in order to survey the influence of passenger car 
tyre retreading on tyre/road noise emission. Tyre/road noise was measured in a laboratory 
with the drum method on four drum surfaces. Two drums were used, one of diameter 1.7 
m having both a very smooth Safety Walk and a very rough-textured surface named GRB-
R. The other drum had a diameter of 1.5 m being equipped with the smooth-textured 
(replica) surfaces ISO and GRB-S, the latter being a replica of an actual DAC 0/16 road 
surface. Microphone locations were as in the CPX method. Ambient temperatures were 
18-22 oC, so no temperature corrections were applied. 
 
In this study, 10 retreaded car tyres were selected from the production of Fighter AB in 
Sweden as well as three from MacRipper and one from a company called AGI. As 
references, 58 new tyres were used. All tyres were tested in unworn condition. 
 
The measured A-weighted sound pressure levels are presented in Fig. 19. These levels 
are the averages for the two microphones and for the three speeds 70, 90 and 110 km/h. 
There is one figure for each group of tyres:  
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1. Summer type, speed class T and lower; 
2. Summer type, speed class H; 
3. Summer type, speed class V and over; 
4. Winter (friction) type, all speed classes. 

 
This distinction is made because the tread patterns and some other features of the tyres 
are quite different between these groups. 
 
 

    
 
Fig. 19.  The A-weighted sound pressure levels (SPL) for the four groups of tyres and on 
the four surface types. See further explanations in the text.   
 
 
In general, the differences between retreaded and new tyres were small, but in certain 
cases it approached 2 dB(A). If one ignores the Safety Walk surface (SW), which is totally 
abnormal due to its smooth texture, the retreaded tyres are 0-2 dB(A) less noisy than the 
new tyres for all cases except the winter tyres on the ISO surface. 
 
 
 
6.2 Study by BASt in Germany on retreaded truck tyres 

With regard to retreaded truck tyres, a large study was made under direction by BASt in 
Germany, reported in 2003 [Beckenbauer & Müller, 2003]. In this project 32 retreaded 
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truck tyres were tested. The tyres had different carcasses, dimensions and different tread 
patterns (steering axle tyre or drive axle tyre). The study was motivated by the 
consideration whether the widely used retreaded tyres should be included in the Directive 
and if they already fulfil the limit values. 
 
The noise measurements were done in accordance with the Directive 92/23/EWG. This 
report contains the actual values. Only for the comparison with the actual limits these 
values were rounded and reduced by 1 dB as is specified in the Directive.  
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Fig. 20. Noise levels of retreaded truck tyres, as tested by Müller-BBM under direction by 
BASt. The number of tyres within each tyre size is indicated within the triple bars. Data 
from [Beckenbauer & Müller, 2003] processed by BASt. 
 
 
The results can best be compared to Figs. 10 and 16. It appears that the retreaded tyres 
are about 2 dB(A) noisier than the tested new tyres with regard to the normal tyre class. 
For the "Snow" or "M+S" class, the retreaded tyres are 3-4 dB(A) noisier than the tested 
new tyres. The quietest retread tyres are about as noisy as the noisiest new tyres10. 
However, no retreaded tyre exceeded the noise limit. 
 
 

                                                        
10 According to communication with BASt, the reported noise increase over new tyres shall not be taken as 
representative of all retreaded tyres in these categories. The tyres selected for the test here were probably 
produced using some less modern tread moulds, not corresponding to present state-of-the art. 
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7 The relation between tyre noise and tyre 
section width 

7.1 Early studies 

Probably the most comprehensive attempt to look at the relation between tyre noise and 
tyre width is a paper pooling German, Swedish and Norwegian results of the 1980's 
together [Storeheier & Sandberg, 1990]. In this study, it was possible to plot the noise 
level of 148 radial car summer tyres measured in the period 1981-87 versus the tyre 
section width. The relation is shown in Fig. 21. 
 
There is a clear relation between noise and tyre width, suggesting an increase of about 6 
dB(A) from 135 to 205 mm of tyre width. In this diagram, of course also systematic tyre 
design features typical of the various sizes are included. If such features, other than width, 
are systematically different for narrow compared to wide tyres, they will influence the 
results. 
 
A number of other studies are reported in Section 10.2 of Tyre/Road Noise Reference 
Book [Sandberg & Ejsmont, 2002]. 
 
 

 
 
Fig. 21. Relation between tyre noise level and tyre width as reported in [Storeheier & 
Sandberg, 1990]. Data based on measurements 1981-87 on radial car tyres in Germany, 
Sweden and Norway. 
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7.2 Studies before 1995 

The upper part of Fig. 5 is a fine example of a study on tyres from a later generation. The 
data of this figure was supplemented with data from other studies in a diagram published 
in the Tyre/Road Noise Reference Book, which is reproduced below as Fig. 22.  Data are 
based on the sources mentioned in [Sandberg & Ejsmont, 2002]. 
 
First, a regression analysis using only car tyre data was made and then another one was 
made for all tyres (the latter shown in the figure as a black curved line). It seemed that a 
polynomial line rather than a straight line was motivated, since for car tyres wider than 
200 mm, noise levels are not increasing so much; a trend that is strengthened when truck 
sizes are included. Actually, the truck and bicycle data fitted an extrapolation of the car 
data very well. It thus looks as if the noise-width relationship is rather general and is not 
limited to just one class of tyres.  
 
The green line drawn from 72 to 77 dB denotes the relation reported in [Storeheier & 
Sandberg, 1990], reported above. Since tyres wider than 200 mm were rare then, the 
relation was limited to the extent of the green line.  
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Fig. 22. Relation between noise and nominal tyre section width, for a full range of tyre 
sizes. Data have been compiled from several sources and normalised to represent uni-
form conditions [Sandberg & Ejsmont, 2002]. 
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There is a clear relation between noise and tyre width also in this figure, suggesting an 
increase of 5 dB(A) from 135 to 255 mm of tyre width. Over the more limited width range 
of 135-205 mm, this corresponds to only about 60 % of the width influence which was 
obtained for the earlier data in Fig. 21. In this diagram, of course also systematic tyre 
design features typical of the various sizes are included. 
 
The noise-width relation in Fig. 22 was confirmed by TRL Limited over part of the range by 
measurements on actual traffic for a large number of road and tyre combinations [Phillips 
& Abbott, 2001]. The majority of vehicles and tyres measured in the TRL study must have 
been from before 1996. 
 
 
7.3 Studies by independent organizations after 1995 

As one of the best example of tyre noise-width relations studied for the most recent tyres, 
results reported from Germany may serve. See Fig. 23. 
 
Part (a) of the figure shows results from [Stenschke, 2005]. Here, each point represents 
one or more measured tyres (in total 82 tyres). Points larger than the smallest ones 
denote more than one point at the same value; the more points the larger the point is 
plotted. These results show no influence of width at all. The relation is not statistically 
significant. 
 
A partly conflicting set of data is shown in part (b) of the figure. This data set, which is 
from [Steven, 2004], indicates the following: 
 

• For tyres having widths 155 mm and above, the correlation between noise level, 
measured on an ISO surface, and width is insignificant. 

• For the very narrow tyres, 135 mm and 145 mm, it seems that noise levels are 
lower than for the wider tyres. However, the number of tyres in this group is only 
four, so the observation is uncertain.  

• When testing on an SMA surface, the noise-width relation is flat from about 185 
mm and upwards, but there is a clear relation under 185 mm.  

 
A possible interpretation of this is that the other studies, such as those summarized in 
Fig.15 and Fig. 23a, have not included the narrowest tyres, in which case the noise-width 
relation at these narrow widths have been "hidden". Further, a possible interpretation is 
that the tyres have been optimized on an ISO surface, and when testing on another and 
quite different surface, such as the SMA surface in Fig. 23b, the "levelling-out" of the 
noise-width relation indirectly caused by the Directive 92/97/EC, has had little effect. 
 
The data compiled in Fig. 15 is presented again in Fig. 24, but with the limits removed and 
a linear regression line fitted. Since this compilation contains a larger number of 
measurements it may be more relevant than the other data sets. It appears that the width 
in this data compilation explains only about 18 % of the total variation between tyres; the 
rest of the variation is due to other differences in tyre construction. If the outlier at 275 mm 
were neglected, the width influence would be close to zero for this data set. For the older 
data, see Fig. 22, about 38 % was explained by the width. According to this compilation, a 
change from 150 to 260 mm means a noise increase of 3 dB. However, one may note that 
over the width range 175-225 mm, which is a range containing more than 75 % of all tyres 
on the European market, there is no width influence. 
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Note that the = sign in the figure should read •. 

 
Fig. 23a. German data on relation between noise and nominal tyre section width, for a 
wide range of car tyre sizes. Data and figure from [Stenschke, 2005], comprising 82 car 
tyres, originally from the study of [Reithmaier & Salzinger, 2002].  
 
 

 
 
Fig. 23b. German data on relation between noise and nominal tyre section width, for a 
wide range of car tyre sizes. Data and figure from [Steven, 2004] showing the relation 
between tyre/road noise and nominal tyre section width for an ISO and an SMA surface.  
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Fig. 24. Relation between tyre noise and nominal tyre section width using the data 
compiled in Fig. 15. 
 
 
Finally, it shall be mentioned that a study at TRL, comprising 23 car tyres from 155 to 225 
mm section widths, suggested a negative correlation between noise level and width, 
showing a 1 dB decrease over the width range [Phillips et al, 2001]. These measurements 
were made on an ISO surface with the CPX method, so they were not in total agreement 
with the method in the Directive. 
 
 
7.4 Unpublished data from ETRTO 

ETRTO has submitted unpublished data to the project group and has agreed to its 
presentation in the reports. There are several data sets, but the most comprehensive one 
is the one presented in Fig. 25 which is reduced from 502 original data points made up of 
339 tyres at standard load and 163 tyres at extra load; of which 287 are summer tyres and 
215 are winter (with M+S marking) tyres. The vast majority of the tyres are OE tyres. 
 
The diagram is non-conventional since it does not show the individual and original data 
points (rather it shows a point where data is available without specifying the number of 
values); neither does it have a continuous parameter on the abscissa (the variable on the 
abscissa is not tyre width, but a number given to a certain width class, each one based on 
a varying width range). Only 56 of the originally 502 data points are shown. A 
conventional regression analysis based on such a diagram; and also a visual estimation, 
is arguable since it is unknown how the original 502 data points have been reduced into 
56 data points and due to the unlinear transformation from tyre width to tyre width class 
number. 
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For example, to illustrate the problem, it is in principle possible that the data point at the 
lower right is based on approximately 200 actual data points around that noise level and 
width, and that the data point at the upper left is based on 200 actual data points around 
that noise level and tyre width. A regression analysis based on the individual data points 
would in such a case show a noise-width relation which would be totally contrary to the 
one shown in the diagram (i.e. a negative rather than a positive slope). Of course the data 
are not manipulated in this way, so one can probably feel confident that the shown 
regression data of selected data points versus the number of the tyre width class is 
reasonably similar to a conventional regression of noise level on tyre width making use of 
all individual data points.  
 
It then appears that the data are in fact very similar to that of Fig. 24, with approx 17 % of 
the variation explained by the width, and a noise increase from 150 to 260 mm of about 
2,5 dB. Another feature is also common to Fig. 24; namely that if one looks at the width 
range 175-225 mm representing more than 75 % of the tyres on the European market one 
cannot see any significant width influence. 
 
 

 
 
Fig. 25. Relation between tyre noise level in dB(A) and nominal tyre section width class, 
according to aggregate ETRTO data (56 data points based on originally 502 data points). 
Note that the diagram is not a conventional regression diagram (see the text). Note also 
that the undefined vertical scale shows 1 dB per line spacing. 
 
 
It may be noted that the trend of increasing noise with the number (1-8) of tyre width class 
is dominated by the extremely wide tyres with a width exceeding 250 mm. Such tyres 
would constitute about 1.5 % of the tyres on the European market, but in the diagram here 
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they constitute almost half of the data (23 of 56 points). Therefore, the diagram is heavily 
biased by an abnormal proportion of super-wide tyres. In actual traffic one would not see 
such noise-width effects, but when the purpose is to study in particular the inherent noise-
width relation the bias can be justified. 
 
ETRTO also responded to a question from the project group regarding the need for extra 
allowance for reinforced tyres. The response shows a relation between noise level and 
load index (LI) which is highly significant and which suggests that noise increase by about 
4 dB over the LI range of 70-110. If reinforced tyres would have 4 units higher LI than 
normal tyres, which is the common case, this relation would then correspond to about 0.4 
dB. However, this author thinks that the presented relation between noise level and LI 
more reflects the strong covariation between LI and tyre width (wider tyres mostly carry a 
higher load), thus there is no clear evidence that reinforced tyres need an extra allowance. 
 
 
7.5 Conclusions 

Evidently, there is a big difference in the width influence of noise measured on tyres from 
the 1980's (which probably were designed in the 1970's), through tyres of the late 1980's 
and early 1990's until the tyres measured around year 2000 and later. The width influence 
was originally very prominent but has diminished in recent years; possibly with three 
exceptions: for very narrow tyres, for very wide tyres and when testing on other surfaces 
than the ISO surface. Within the tyre width range 175-225 mm containing most of the 
tyres on the market, the width influence on noise can be neglected. 
 
How can one explain this? First, the observations made by different organizations are 
quite consistent and thus most probably correct. The dramatic reduction in the width 
influence may be explained by the gradually increasing importance of vehicle noise limits. 
As explained above, the only important noise limit for tyres presently is the 74 dB(A) for 
vehicle overall noise according to Directive 92/97/EC. This is a reality that no doubt has 
influenced tyre properties, but without distinction of width; possibly with exception of the 
narrowest tyres. The latter probably might be so quiet due to their narrow widths that they 
may not be limited so much by 92/97/EC. When a vehicle manufacturer needs a 
"moderately wide" tyre (say up to 250 mm width), this tyre must meet approximately the 
same noise requirements as a medium-narrow tyre for a smaller car. However, a super-
wide tyre would probably be mounted on a sports car which would have an extra 
allowance of vehicle noise11. This should create a levelling-out of the width influence on 
noise; at least for OE tyres. Why the low width influence seems to include essentially also 
replacement tyres may be because tyre manufacturers often use the technology of the OE 
tyres also for replacement tyres. 
 
The above is just a speculation, but an equally or more plausible explanation cannot be 
offered. One may speculate that there might be an unused potential for noise reductions 
of narrow tyres if the same advanced technology is used as for wide tyres, but benefiting 
from the "natural" noise reduction that logically should be offered by narrow widths. 
 
Thus, to take maximum advantage of the technology it is justified to use a flat noise-width 
relation up to the widest tyres but to allow some extra dB to the latter. Allowing the very 
widest tyres extra noise will not affect the Leq or LDEN levels in road traffic significantly as 
long as these tyres are very few of the total number of tyres. 
                                                        
11 A 1 dB extra allowance; further an extra high gear setting is used; often called the "Lex Ferrari" rule 
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8 Trade-off with other parameters? 

8.1 Introduction 

There is often fear expressed by government officials and people in the industry that lower 
noise emission can only be obtained by sacrificing some other properties, most notably 
safety. This is based on the knowledge that a tyre design is always a compromise 
between various parameters.  
 
It is common to express this compromise for a particular tyre as a polar diagram illu-
strating the property profile of the tyre, see Fig. 26. It is often understood that if one pulls 
out one or two of the corners, some other corners are likely to be pulled-in, i.e. these 
properties are sacrificed.  
 
However, not everybody in the tyre industry shares this view. An interesting editorial 
appeared in Tire Technology International recently. It was written by the former Director of 
Research at Dunlop Tyres in the UK, Dr A.R. Williams. He wrote [Williams, 2005-2]: 
 
"The tire industry has been very successful in spreading a conservative attitude not only to its 
customers but also to the government authorities and legislators. The idea has been sown that the 
world of the tire is a compromise: if you enhance one property, you detract from another. This is the 
biggest self-defense mechanism the industry has invented. There is the grave danger that the 
industry itself has now come to believe this message. If this approach fails then it is easy to hide 
behind legislation and standards. In my view technology should lead legislation, not be hindered by 
it." 
 
 

 
 
Fig. 26.  Polar diagram illustrating the property profile of a particular tyre (kindly obtained 
from Dr Saemann, Continental Tyres). 
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Anyway, it is this authors view that if everything is always a compromise and no corner 
can be pulled out without pulling-in some others, it would mean that tyre development 
over the past decades would have been at standstill in an overall sense. This is obviously 
not at all the case; on the contrary, it is obvious that many if not most of the corners have 
been expanded without really sacrificing anything important. Therefore, the view of Dr 
Williams seems to be relevant.  
 
The next sub-chapters explore the possible compromise between low noise and other 
major tyre properties. 
 
 
8.2 Analysis of target conflicts by ETRTO 

ETRTO has offered to the project group a comprehensive listing and evaluation of the 
conflicts between different targets that a tyre constructor has to struggle with, which is 
shown in Table 2. 
 
As long as the colours in the same column are similar for various parameters, there are no 
conflicts, but when colour changes from green to red or vice versa, there is a conflict. The 
table shows that conflicts exist between many parameters; not the least for noise, and that 
the relations are extremely complicated. 
 
One interpretation of the table is that there are many other factors than noise that have 
conflicting relations to (for example) safety parameters and that low noise is not unique in 
being difficult to combine with other desirable characteristics. It is one among many 
parameters to consider. 
 
 
 
8.3 Basic difficulties in combining low noise with good handling 

and braking 

Some of the principles utilized when designing tyres for low noise are admittedly in conflict 
with principles used in design for optimum handling and braking performance. This is 
nothing unique to noise; such conflicts exist in many aspects of tyre design. The major 
low-noise design principles presently being explored are summarized in Chapter 13.1. 
The following is a list of potential conflicting principles. 
 
Pattern-less tyres: Tyres without a pattern, "slicks" or "smooth tyres", are generally 
considered to be the ultimate low-noise tyres. Obviously, such tyres would be a disaster to 
safety, so they are only used for testing purposes. Anyway, it is a misconception that slick 
tyres are the quietest; it is only on smooth surfaces such as the ISO surfaces that they are 
the quietest tyres. Even in such cases, there are exceptions. On rough surfaces slick tyres 
are sometimes the noisiest tyres.  
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Table 2. Target conflicts in tyre development, according to ETRTO, as submitted to the 
FEHRL project group. 
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Reducing the air/rubber ratio in the tread pattern: For optimum noise performance one 
may consider reducing the air/rubber ratio in the tread pattern down to about 20 %, from 
today’s common ratio of 30 %. In cornering and braking on wet roads, the ability of the 
voids to evacuate water is critical. In principle, low-noise optimization could then be in 
conflict with cornering and braking on wet roads. It is even more likely to be in conflict with 
acceptable hydroplaning characteristics, since the tread will be filled-up with water more 
quickly if the grooves are more narrow; in particular for tyres of high-performance cars. 
 
Reducing the longitudinal size of tread elements: For noise reduction, it is desirable to 
increase the number of tread elements around the tyre circumference to a high number, 
preferably up to 100 (today around 65 is common). This cannot be made immediately 
since one must find out ways to achieve this without compromising braking performance 
and cornering due to the more flexible tread if tread block elements are smaller. 
 
Siping: Modern winter tyres are heavily siped; i.e. the tread elements are cut with small 
narrow cuts, not always down to the full tread depth. These sipes are generally favourable 
for noise reduction. They are also very good for friction on icy and snow-covered surfaces. 
However, on wet or dry surfaces, sipes might make tyres less stable during some braking 
or cornering manoeuvres. Sipes may also increase tyre wear. 
 
Making use of softer rubber compounds: Softer tyre rubber compounds are favourable 
for noise reduction; the softer the better (within tested ranges). It is also very good for 
friction on icy surfaces. However, on wet or dry surfaces, too soft rubber makes tyres less 
stable during braking or cornering. 
 
These are the most important properties for which one must make sophisticated 
optimizations in order not to sacrifice safety. With regard to noise versus rolling resistance 
properties, there are no major conflicts identified. 
 
The potentially conflicting properties above do not make it impossible to combine 
properties in a favourable way. The low-noise truck tyre mentioned in Section 13.1 is an 
example. This tyre combined extremely low noise with equally good performance in other 
respects as normal tyres have. But, of course, it is nothing that happens without a lot of 
development work. 
 
The conclusion of the above is that in the design process there are some design principles 
which have conflicting effects on noise and safety, but not generally on noise and rolling 
resistance. This is probably the reason why there is some scepticism among some people 
regarding low noise tyres. 
 
However, this is not to say that such conflicting design principles need to have an effect 
on tyres on the market, since this depends on how tyre manufacturers solve the problems 
and their policy regarding the balance between various properties. The coming sections 
explore this situation based on experimental work. 
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8.4 Measurements by TRL in the U.K. 

8.4.1 Measurements in 1992 

Tests in 1992 by TRL for 16 car and 9 truck tyres indicated some significant correlations 
between noise and safety, suggesting a conflict between the parameters [Nelson et al, 
1993]. The most serious one was for noise level versus a composite safety rating. The 
latter was created by weighing together all types of friction measurements that were 
made; see the relation in Fig. 27.  
 
With respect to possible trade-offs between noise and safety, the authors concluded as 
follows (the five most relevant points cited here): 
 
(iii) From the results of the statistical analyses of correlation between tyre noise and 
various tyre safety performance indicators it has been established that, for current 
generation car and truck tyres operating over a broad range of conditions, there is, in 
general, a significant relationship between tyre noise and safety performance, i.e. a 
decrease in tyre noise is associated with a reduction in tyre safety performance and vice 
versa. 
 
(iv) The correlations obtained between tyre noise and safety measures taken were, in 
several of the cases examined, highly significant indicating that the results could not have 
been obtained by chance. In many cases causal links between tyre noise and skidding 
performance characteristics were indicated. 
 
(ix) Even though the results of this study have established the existence of a correlation 
between tyre noise and safety performance for current generation tyres there still remains 
substantial scatter or variance in the data. This leaves considerable scope for the 
exploitation of tyre designs which do not fall into the general pattern of behaviour 
established by the regression analysis. Consequently there would appear to be 
opportunities for realistically promoting tyre designs with the parallel objectives of 
achieving both low noise and a high degree of tyre safety. 
 
(x) With regard to the setting of limit values for car and truck tyre noise, it would appear 
that, on the basis of this data set, a noise limit of 74 dB(A) for cars at 80 km/h and 78 
dB(A) for truck tyres at 70 km/h as measured on the ISO surface would not significantly 
influence the current distribution of car and truck tyre safety performance. 
 
(xii) Since the safety performance of different current generation tyres has been found to 
vary over a considerable range, there is also a need to establish minimum safety 
requirements for tyres irrespective of the introduction of noise limits. 
 
The conclusions above were quite firm and seem to have influenced the final Directive 
significantly. 
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Fig. 27.  Correlation between composite safety rating and noise level of car tyres run at 80 
km/h on an HRA surface [Nelson et al, 1993]. 
 
 
However, bearing in mind the results of later experiments, this author has studied the TRL 
data closer. First, one shall remember that the 16 car tyres and 9 truck tyres in the TRL 
study is a very small sample, compared to the samples of 80-100 car tyres and 32 truck 
tyres used in each of the Swedish-Polish and the German studies made later. Secondly, 
the high correlations were obtained when the noise was measured on an HRA surface, 
which is not the case in the Directive. Thirdly, there are also some other variables that 
could have influenced the results. This author has checked what happens if one would 
look at the correlations between safety and tyre width instead of noise level. The results of 
this analysis for car tyres are shown in Figs. 28-29. For truck tyres the corresponding 
correlations are not statistically significant and are therefore not shown. 
 
Note that the correlations are statistically significant in both cases, but that the correlation 
with safety is better for tyre section width than for noise level. It may be that the tyres with 
greater section width were constructed based on a higher level of technology and better 
rubber compounds, for example. Fig. 32 suggests that there is higher friction for higher 
speed categories, which are usually connected with greater widths. Therefore, it is this 
author's view that the TRL study does not show that there is a conflict between high safety 
and low noise. This is then consistent with the results of the studies described below. 
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Fig. 28.  Relation between 
the composite safety rating 
and tyre section width. The 
diagram is based on data 
in [Nelson et al, 1993]. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 29.  Relation between 
the composite safety rating 
and tyre noise level meas-
ured according to Directive 
2001/43/EC. The diagram 
is based on data in [Nelson 
et al, 1993]. 
 
 
 
 
 
 
 
 
 

 

8.4.2 TRL study published in 2005 

TRL Ltd. has recently made new noise and wet grip measurements, using 11 car tyre 
sets, for which noise was measured on an ISO surface at 80 km/h and on an SMA 0/10 
surface at 65 km/h [Watts et al, 2005]. Wet grip was measured as peak friction on the 
SMA surface at 65 km/h. The resulting correlations are shown in Fig. 30. 
 
At first sight it would appear that there is evidence of a significant correlation between the 
noise levels and peak friction measures taken.  However, it is important to note that one of 
the tyres in the sample (the upper right one) could not be tested using the correct load 
conditions because the load requirements exceeded the load cell limits on the test 
equipment.  Therefore, the authors of the report also calculated the correlations with this 
tyre removed from the dataset.  When these data are removed, the regression shown by 
the broken line in each Figure is obtained. It can be seen that, in both cases, the degree 
of correlation is insignificant. 
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Fig. 30.  Relation between noise level and wet grip for the 11 tested car tyres. In the top of 
the diagram the maximum A-weighted noise level is measured at 80 km/h on an ISO 
surface and wet grip at 65 km/h on an SMA 0/10 surface. In the bottom of the diagram the 
noise level is measured on the same SMA surface as wet grip and at the same speed. 
 

 
TRL Limited also made measurements of rolling resistance [Watts et al, 2005]. When 
noise level was plotted against rolling resistance coefficient. With the special tyre 
mentioned above removed from the data set, the resulting correlation was close to zero. 
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8.5 Measurements by TUG and VTI on about 100 car tyres 

In 1997-1999 the Swedish National Road and Transport Research Institute (VTI) and the 
Technical University of Gdansk (TUG) conducted tests of noise, friction and rolling 
resistance of nearly 100 car tyres. The data from these tests have been used for statistical 
evaluations of relations between tyre road/noise and tyre/road friction. To measure such a 
number of tyres is a significant undertaking. Friction measurements were therefore limited 
to a wet asphalt concrete road with a smooth-to-moderate texture at a speed of 70 km/h. 
Measurements at such conditions were judged to be representative for typical "difficult" 
driving conditions. They are, however, not representative of winter driving on snow and 
ice, or of cross-country driving. Noise measurements were made on the same type of road 
surface. 
 
The following briefly summarises the experimental program and method and presents the 
most important results of the study. A much more comprehensive report is presented in 
[Sandberg & Ejsmont, 2000]. 
 
Tyres were grouped according to their intended use. The following groups were 
established:  

S   - summer tyres for speeds up to 190 km/h 
H   - summer tyres for speeds up to 210 km/h 
V   - summer tyres for speeds over 210 km/h 
M+S   - winter tyres 
M+S studded   -   winter tyres with studs 

 
Tyre/road noise was tested with the CPX method on three typical public road surfaces and 
with the drum method on four surfaces. Friction was measured at 70 km/h on a wet  dense 
asphalt concrete road (DAC 0/16 mm) with a special friction test vehicle "BV 12B" 
constructed at VTI. The "DAC 0/16 mm" road surface was similar to one of the three road 
surfaces on which noise measurements with the CPX method were made, as well as one 
of the drum surfaces (GRB-S). Both the peak friction coefficient (corresponding to that 
utilized during ABS braking), and the friction coefficient for locked wheel were measured. 
 
Rolling resistance measurements were made on the TUG drum facility, in accordance with 
the ISO 8767 standard. Two drum surfaces were used: one was a sand-paper-like surface 
often called Safety Walk (this is in accordance with the ISO standard) and another surface 
with extremely rough texture. These two surfaces were considered to represent the entire 
range of rolling resistance due to road surface texture variations. 
 
Analyses of the data indicated that there was no correlation between tyre/road noise (dry) 
and maximum friction on the wet surface. This is apparent in Figs. 31-32. When 
considering friction measured with a locked wheel, there is in fact a weak but statistically 
significant relation, implying that increased friction means lower noise. However, one 
should not consider such a weak relation as very important, as it is barely statistically 
significant. 
 



 FEHRL Report.  
56 Final Report SI2.408210 Tyre/Road Noise – Volume 2 
 

FEHRL 

 
 
Fig. 31.  Tyre/road noise measured 
with the CPX method on three road 
surfaces (SMA 0/8 mm, DAC 0/16 
mm and CS 12 mm)12 at 90 and 70 
km/h (averaged), plotted against 
friction (peak friction coefficient, 
corresponding to that utilized 
during ABS braking) measured on 
a wet DAC 0/16 mm surface at 70 
km/h. Each individual symbol re-
presents one specific unworn tyre 
(3x81 tyres in total). The three 
types of symbols and colours re-
present a particular road surface. 
 
 
 
Fig. 32.  Tyre/road noise measured 
with the CPX method on three road 
surfaces (SMA 0/8 mm, DAC 0/16 
mm and CS 12 mm) at 90 km/h, 
plotted against friction (friction 
coefficient with locked wheel) 
which was measured on the DAC 
0/16 mm surface at 70 km/h. Each 
individual symbol represents one 
specific unworn tyre (3x81 tyres in 
total). The three types of symbols 
and colours represent a particular 
road surface. 
 
 
 
 

 
It is interesting to note that average friction coefficients are different for each tyre type. 
These friction coefficient averages are summarised in Fig. 33 together with noise level 
averages. The average noise levels for tyres in the groups "S", "H", and "V" are very 
similar but at the same time average friction coefficients (especially maximum values) are 
higher for tyres with higher speed ratings. This indicates that tyres for high speed provide 
better friction and braking forces without a significant penalty in noise. Winter tyres, 
however, are less noisy than summer tyres but at the same time their friction coefficients 
are also lower. It can probably be explained by the use of rubber compounds and tread 
design optimised for winter road conditions. 
 
 

                                                        
12 This is a surface dressing, also called chip seal surface, with dominating chippings 8-12 mm. 
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Fig. 33. Average friction coefficients and 
A-weighted SPL's for different groups of 
tyres. Red lines and the red scale at right 
shows the noise levels of each class, 
whereas the blue bars and the left scale 
shows the friction coefficient. Light blue 
is for locked wheel and dark blue is for 
optimum slip such as when using ABS. 
 
 
 
 
 
 
 
 

 
Based on the presented results it was concluded that no conflict could be detected 
between low noise on dry surfaces and high friction on a wet road surface. 
 
With regard to noise versus rolling resistance, Fig. 34 presents the correlation between 
noise measured with the CPX method on the DAC 0/16 mm and CS 12 mm road surfaces 
and rolling resistance measured on the drum surfaces that are most similar to the noise-
tested surfaces.  
 
 

  
Fig. 34.  Relation between tyre/road noise measured with the CPX method on "DAC 0/16 
mm" and "CS 12 mm" road surfaces and rolling resistance measured on the drum facility 
having a Safety Walk sandpaper surface and APS-4 surface, respectively. Speed 80 km/h 
(noise measured at 70 and 90 but averaged). 
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The figures show that there is a certain statistically significant (p < 5 %) correlation 
between noise and rolling resistance. The regression lines indicate that tyres with lower 
rolling resistance generate somewhat lower noise levels. 
 
Further and independent studies on this relation which are presented in Section 18.3.2 of 
the Tyre/Road Noise Reference Book give results supporting the relations indicated 
above. 
 
The general conclusion from the results is that there seems to be no conflict between low 
tyre/road noise and low rolling resistance of car tyres. In most cases, even a "positive" 
weak trend may be seen, which means that tyres with low rolling resistance also generate 
low tyre/road noise. 
 
 
 
8.6 Measurements made by TÜV and sponsored by UBA in 

Germany 

The very comprehensive measurements of noise levels of modern car, van and truck tyres 
reported in Chapter 5.2 included also wet friction (deceleration or braking distance), 
aquaplaning and rolling resistance, but these results were not reported in 5.2. Instead, 
they are reported in this section. For a description of these measurements; however, refer 
to 5.2 and to the references mentioned there. 
 
The first diagram (Fig. 35) shows the results with respect to wet road ABS-type braking 
deceleration for the 82 car tyres that were tested. The measured values are plotted as 
braking deceleration versus tyre noise level. The data points distinguish between different 
dimensions and different types of tyres (summer, winter or all year). 
 
The following conclusions can be made: 
 

• There are some significant differences in braking deceleration between certain 
groups of data; e.g. 205/55R16 summer tyres are the best ones in this selection. 

• No significant relation between ABS-type braking deceleration and noise level can 
be seen for any particular tyre type or dimension (for some types or dimensions of 
course there are too few data points to be able to see any relation for such a large 
spread in data) 

• No significant relation between ABS-type braking deceleration and noise level can 
be seen for all data points considered together  

 
The second diagram (Fig. 36) shows the results with respect to aquaplaning speed for the 
82 car tyres that were tested. The measured values are plotted as aquaplaning speed 
versus tyre noise level. Again, the data points distinguish between different dimensions 
and different types of tyres. 
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Fig. 35. Braking deceleration (as utilized during ABS braking) versus tyre noise level for 
different dimensions and different types of tyres. Figure prepared by BASt, based on data 
reported in [Reithmaier & Salzinger, 2002]. 
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Fig. 36. Aquaplaning speed versus tyre noise level for different dimensions and different 
types of tyres. Figure prepared by BASt, based on data reported in [Reithmaier & 
Salzinger, 2002]. 
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The following conclusions can be made: 
 

• There are some significant differences in aquaplaning speed between certain 
groups of data; e.g. 165/70R14 winter tyres have the highest values, while 
195/65R15 summer tyres have the lowest values. This is probably at least partly 
due to the width of tyres and the air/rubber ratio in the tread pattern being 
important for aquaplaning. The widest tyres, with the width 225 mm, also have a 
little lower values than average regarding aquaplaning speed. 

• No significant relation between aquaplaning speed and noise level can be seen for 
any particular tyre type or dimension (for some types or dimensions of course 
there are too few data points to be able to see any relation for such a large spread 
in data) 

• No significant relation between aquaplaning speed and noise level can be seen for 
all data points considered together  

 
For van and truck tyres, aquaplaning is not an important issue since such tyres are never 
driven at very high speeds and at the same time are so heavily loaded that aquaplaning 
almost never occurs. Therefore, the measure chosen to represent safety on wet roads 
was braking distance in metres (please refer to table in 5.2 for start and stop speeds of 
the braking test). Fig. 37 shows the results of these tests. 
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Fig. 37. "Wet grip" expressed as distance to brake the vehicle from a high to a low speed 
(braking with ABS; see Section 5.2) versus tyre noise level for different dimensions and 
different types of tyres for heavy vehicles. Figure prepared by BASt, based on data 
reported in [Reithmaier et, 2002]. 
 
 
The following conclusions can be made: 
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• The tyres for vans and light trucks (C2) have significantly better wet grip than the 
larger tyres. However, note that the loads and the start and stop speeds for the 
measurements are different for C2 tyres compared to C3 tyres, so the comparison 
is not entirely fair. 

• The data points for the C2 tyres seem to indicate a conflict between safety and 
noise, but the number of points is too low (4) to make a safe conclusion. 

• No significant relation between braking distance (with ABS type of braking) and 
noise level can be seen for any particular tyre type or dimension (for some types or 
dimensions of course there are too few data points to be able to see any relation 
for such a large spread in data) 

• No significant relation between braking deceleration (with ABS type of braking) 
and noise level can be seen for all data points considered together  

 
The next two diagrams show the relations between noise and rolling resistance. For the 
information about the measurements, please refer to Chapter 5.2. First, Fig. 38 shows the 
rolling resistance coefficient for the 82 car tyres as a function of the noise level. 
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Fig. 38. Rolling resistance coefficient versus tyre noise level for different dimensions and 
different types of car tyres. Figure prepared by BASt, based on data reported in 
[Reithmaier & Salzinger, 2002]. 
 
 
The following conclusions can be made: 
 

• There are some significant differences in rolling resistance between certain groups 
of data; e.g. 185/60R14 summer tyres and 225/45R17 summer tyres are the two 
groups with the highest values.  

• No significant relation between rolling resistance and noise level can be seen for 
any particular tyre type or dimension, except for the two groups mentioned in the 
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previous bullet, which show totally different relations between rolling resistance 
and noise (probably there are too few data points to be able to see any relation for 
such a large spread in data) 

• No significant relation between rolling resistance and noise level can be seen for 
all data points considered together  

 
Fig. 39 shows the corresponding measurements for the van and truck tyres. 
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Fig. 39. Rolling resistance coefficient versus tyre noise level for different dimensions and 
different types of van and truck tyres. Figure prepared by BASt, based on data reported in 
[Reithmaier et al, 2002]. 
 
 
The following conclusions can be made: 
 

• There are some significant differences in rolling resistance between certain groups 
of data; e.g. the van and light truck tyres (C2) have the highest values and steering 
axle 315/80R22.5 have the lowest values. This probably has to do with the very 
different loads carried by these tyres and the corresponding difference in air 
inflation. 

• No significant relation between rolling resistance and noise level can be seen for 
any particular tyre type or dimension, except for the two groups mentioned in the 
previous bullet, which show totally different relations between rolling resistance 
and noise (probably there are too few data points to be able to see any relation for 
such a large spread in data) 

• No highly significant relation between rolling resistance and noise level can be 
seen for all data points considered together. If any, the trend is that noise and 
rolling resistance vary together, but the significance is weak.  
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More specific analyses of the relations between various parameters in the German tests 
have been made by [Alteköster, 2005]. These have not revealed any new and surprising 
relations but the details may be of interest for special purposes. Of special interest in this 
report are the relations shown in Fig. 40 where the aquaplaning speed is plotted against 
the different tyre dimensions. Not very surprisingly, the narrower widths in general have 
higher aquaplaning speeds than the wider widths, although there is a large scatter. In 
case the earlier noted width influence on noise would still exist, it would then mean that 
tyres with narrower widths would also have higher aquaplaning speeds. 
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Fig. 40. Aquaplaning speed for the different tyre dimensions. The values highlighted in 
green are the means within the group of tyres. Diagram from [Alteköster, 2005].  
 
 
 
8.7 Measurements by Continental Tyres in Germany 

Unpublished data from Continental Tyres in Hanover, Germany, showed no correlation 
between noise level and wet road braking distance on a concrete surface [Saemann, 
2005-2]. This study included a large number of tyres, but most of them were experimental 
and have not been released on the market. Wet road braking on a low-friction test track 
surface showed a slight (conflicting) relation between noise level and braking distance, 
whereas results on a high-friction test track surface showed the contrary relation. In both 
cases the correlations were weak and since they were inconsistent, the conclusion when 
considering all results together is that there seems to be no correlation between wet road 
braking and noise [Saemann, 2005-2]. One shall then bear in mind that the tested tyres 
were a mix of market tyres and tyres not available on the market. 
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8.8 IEA Workshop November 2005 

In November 2005, the International Energy Agency (IEA) organized a workshop on more 
energy efficient tyres. At this workshop relations between tyre rolling resistance and other 
parameter were reported in some presentations. 
 
First, a presentation by Duleep had a slide regarding trade-offs between various 
parameters which read [Duleep, 2005]: 
 

• Auto-manufacturers emphasize that tire properties trade-off is a function of tire 
technology, and trade-off for a new tire should be evaluated at given technology 
level. 

• Over time, it is possible to improve all properties simultaneously with technology 
improvements. Hence comparisons of tires at different technology levels will show 
no consistent trade-off pattern. 

• New silica tires have lower RRC tradeoff with other desired properties than older 
designs. 

 
These bullets, especially the two first ones, are very important for this section of the 
report.  
 
A paper by Michelin presented suggestions from Michelin regarding development and 
encouraging greater use of low energy tyres (LET), as shown in Fig. 41. This is of interest 
here since it is largely consistent with the wishes of many actors regarding another 
environmental parameter, namely noise. For example, Michelin wants to have maximum 
limits for rolling resistance (RR) that eliminates the tyres with the highest RR. 
 
Another presentation by Michelin looked at the conflicts between rolling resistance, safety 
and tread wear. The ETRTO had commissioned a multi-parameter study comprising 12 
European tyre segments (dimensions and winter/summer) and 20 brands of car tyres (in 
total 183 tyres) to TÜV in Germany and CERM in France. Fig. 42 shows the relations 
measured between fuel efficiency (proportional to rolling resistance) and wet braking 
performance. The scales are normalized to 100 % for each parameter, representing the 
"average tyre". Each symbol in the diagram represents a certain dimension and tyre type. 
Fig. 43 shows the same thing but with wet road braking replaced with tread wear. 
 
The conclusion was that there are some very weak but not negligible correlations between 
rolling resistance on one hand and safety and wear on the other hand13. However, it was 
also concluded that the scatter is so large that it is always possible to find tyres which 
meet very high standards for all three of the parameters. The tyres with high performance 
in all parameters generally are tyres for which a more advanced technology has been 
used. Thus, the major conclusion is that with more or better technology one can meet 
multiple requirements and does not have to accept trade-offs. This is totally in line with 
what was said by Mr Duleep, see above. 
 

                                                        
13 It was not stated whether the correlations were statistically significant or not. To this author it looks quite 
uncertain that there were statistically significant correlations. 
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Fig. 41. Suggestions from Michelin to support development of low energy tyres (LET) and 
introduction of instruments to accelerate this. From [Penant, 2005]. 
 
 

 
 
Fig. 42. Fuel efficiency versus wet road braking performance for car tyres according to 
experimental study made by TÛV and CERM and presented by Michelin [Aimon, 2005]. 
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Fig. 43. Fuel efficiency versus tread wear performance for car tyres according to 
experimental study made by TÛV and CERM and presented by Michelin [Aimon, 2005]. 
 
 
8.9 Other measured data or expressed views 

The multi-parameter study by ETRTO mentioned in the previous sub-chapter includes 
also data on noise levels of the tested tyres. Together with the friction, wear and rolling 
resistance data, one would be able to make interesting comparisons. However, these 
results have not yet been made available to the project. 
 
A paper by Bayer AG concludes "By using modern synthetic rubbers, it is possible to meet 
the constantly increasing requirements placed upon tyres with regard to safety, 
environmental protection and, last but not least, economy" [Engehausen et al, 2001]. 
 
 
 
8.10 Conclusions 

The picture from this Chapter comes out quite clear and consistent: 
 
• Although some design properties of tyres seem to be in conflict when designing for 

noise reduction by conventional pattern and rubber changes, no significant conflicts 
have been detected on market tyres in practice.  

• None of the reviewed studies could detect a significant conflict between requirements 
for low noise and wet braking or aquaplaning performance. One of them, based on a 
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very small sample seemed to indicate such a conflict but when studying the data from 
another perspective it turned out that the assumed conflict could be explained by a 
tyre width influence. 

• None of the reviewed studies could detect a significant conflict between requirements 
for low noise and low rolling resistance. 

• Several low noise tyres that also meet high standards in other respects than noise, 
such as safety and rolling resistance, are available. 

• The key point according to the industry is advanced technology: advanced technology 
will provide better performance for multiple parameters simultaneously. It will widen 
the area of the polar diagram of Fig. 26, not just pull out one of the items. 

 
It follows that the limits with regard to skid resistance and rolling resistance which are 
planned for introduction within the near future cannot be justified from the point of view of 
noise; i.e., there is no reason based on currently available data to expect that the noise 
limits will mean that tyres with inferior performance concerning safety and rolling 
resistance will come into the market. Nevertheless, there might of course be other 
reasons for introducing such limits, but this is not a subject of this report. 
 
This author recalls a comment made by the Michelin representative at one of the ERGA-
Noise meetings in the early 1990's when it was discussed whether noise limits would need 
to be accompanied by wet grip limits in order to avoid sacrifices of safety for low noise 
tyres. Mr André Schneider of Michelin said approximately "We would never supply to the 
market a tyre which would have poor wet grip performance since this parameter is so 
crucial to us". The implication was that tyres meeting a noise limit will not result in a 
sacrifice of wet grip and that wet grip limits are not really necessary.   
 
At least with respect to the possible sacrifice of wet grip, history has now shown that Mr 
Schneider's prediction was correct. 
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9 Trade-off with fashion and styling? 

When studying tyre brochures and websites it is obvious that the visual appearance of 
tyres, especially the tread patterns, is an important design issue; i.e. fashion plays a 
significant role in tyre design. Just a couple of examples are given here to illustrate the 
problem. Fig. 44 shows a picture from Tire Technology International, according to which a 
tyre tread which looks like almost the worst one can imagine from an acoustical point of 
view has been designed based on resemblance with sport shoes. Another example, 
Fig. 45, is from the same page in Tire Technology International, showing a text describing 
how visual appearance has influence the tread design of a Japanese tyre. Similar things 
can be found among almost all tyre manufacturers. 
 
 

 
 
Fig. 44. Picture from Tire Technology International June/July 2005 with the caption "For 
Hummer's H3T concept, BF Goodrich developed tires with sportswear firm, Nike". 
 
 
Many if not most tyres for high-performance cars nowadays typically have a tread with 
diagonal long grooves, often in V-shape. This is said by tyre developers to be to a 
significant extent based on visual appearance and not on what one would do if the design 
was based on safety and noise. An example of such a V-shaped groove design is shown 
in Fig. 46. 
 
Perhaps a solution to this is to combine the V-shaped grooves with sipes and very narrow 
lateral grooves as well as wider longitudinal grooves, such as is the case for one of the 
quietest tyres produced so far; namely, the Yokohama AVS dB S2 tyre [Yokohama, 
2005]? See Fig. 47. The company claims that by using an unbroken and stable centre rib 
they create "stealth-like handling and stability" to solve the handling and braking problem. 
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Fig. 45 (left).  Picture from Tire Technology Inter-
national June/July 2005, illustrating how important the 
visual appearance of tyres is to vehicle and tyre 
manufacturers. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 46 (above right).  Example of a modern V-shaped-groove tread design. Photo by the 
author. Note that this particular tyre may not necessarily be poor from an acoustical point 
of view. 
 

For low-noise purposes, a favourable 
design would typically feature the design 
details showed in Fig. 48. By such 
optimization one may reach a noise level 
as low as only 1-2 dB(A) above that of a 
pattern-less tyre and further significant 
improvements by tread design are not 
very likely [Saemann, 2005-1]. However, 
the visual appearance of such a tyre is 
not currently popular among tyre 
designers. 
 
 
 
Fig. 47 (left).  The Yokohama AVS dB S2 
tyre; one of the quietest tyres on the 
market, which seems to combine the 
principles outlined in Fig. 46 and Fig. 48. 
 

 
At the Tire Technology Expo in 2005, there was an interesting presentation showing how 
important visual appearance is, by [Miyabe, 2005]; namely, almost as important as ride 
and handling, and more important than traction. See Fig. 49. 
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Fig. 48. Example of a tread design with low noise characteristics; i.e. what a noise control 
tyre engineer would aim at. From [Saemann, 2005-1], used with permission. 
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Fig. 49.    Criteria for the choice of tyres by consumers, according to a German study, 
[Power and Associates, 2003] presented by [Miyabe, 2005].  
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Another fashionable trend is so-called Plus-sizing. Plus-sizing refers to the tendency for 
tyres that are wider and have a shorter sidewall than "regular" tyres; i.e. to select a tyre 
with lower aspect ratio but generally the same outer diameter. The result is considered by 
many as "a sportier look". This styling trend was heavily criticized recently by one of the 
foremost tyre experts in the world, Dr Joe Walter, who in a column in Tire Technology 
International wrote among other things [Walter, 2006]: 
 
"This mainly dealer-driven process is known as plus-sizing; the latest edition of The Plus-
Sizing Guide issued annually by Tire Guides Inc lists 432 pages of such sizing possibilities 
for domestic and foreign passenger cars available in the North-American market ….." 
 
"And while this trend started in the after-market, it is unfortunately becoming popular with 
some OEMs"14. 
 
"Plus-sizing seems to be reversing these long-term development trends in tire-wheel 
technology". 
 
Dr Walter continues to list the advantages and disadvantages of the plus-sizing trend and 
finds that the disadvantages in safety and economy dominate. 
 
Plus-sizing seems quite clearly to be inconsistent with principles for lower noise. Thus it is 
important not only from safety and economy points of view but also from the acoustic point 
of view to attempt to counteract the trend. Lower noise limits balanced in the right way, 
which may mean not allowing higher noise limits for wider tyres with lower aspect ratios, 
may help to do so since it should make it more difficult to offer plus-sizing options that will 
also meet the noise limits. In other words, it seems important that tyres that would be 
favoured in plus-sizing will have to meet as stringent noise limits as the tyres that they are 
supposed to replace. If not, after-market styling attempts and consequent pressure on 
vehicle manufacturers to supply such concepts as original equipment will lead to an 
increase in noise emission in the future. 
 
One conclusion from this would be that there should logically be a potential for better 
acoustical characteristics of tyres if visual appearance would not have an influence on 
tread pattern design. Furthermore, styling trends such as plus-sizing need to be counter-
acted. It would be better if technological performance rather than styling and fashion 
would lead the development.  

                                                        
14 Author's comment: For example, look at the future concept cars presented at automotive fairs; these 
invariably have extremely low aspect ratio tyres with high diameters 
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10 Tyre main types – distinction in the 
Directive 

10.1 The tyre categories in the Directive 

As shown in Chapter 3, tyres are categorized into three major groups depending on 
whether they are intended for car, for van or for heavy vehicle use. These groups are 
defined by their Load Index (LI), which is a value showing the maximum load that a tyre 
can carry when properly inflated. Further, there is a distinction within each major group 
regarding the use of the tyre or the tyre section width. Table 3 summarizes the tyre 
categorization. 
 

Table 3.  Categorization of tyres according to Directive 2001/43/EC.  
 

Designation of tyre 
group 

Tyre section width 
[mm] Use of the tyre Extra subcategories 

Main category C1: Tyres for cars (LI = any): 
C1a <145 - Reinforced / Special* 
C1b >145   <165 - Reinforced / Special* 
C1c >165   <185 - Reinforced / Special* 
C1d >185   <215 - Reinforced / Special* 
C1e > 215 - Reinforced / Special* 

Main category C2: Tyres for vans and light trucks (LI • 121): 
C2a - Normal  
C2b - Snow**  
C2c - Special***  

Main category C3: Tyres for heavy trucks (LI > 121): 
C3a - Normal  
C3b - Snow**  
C3c - Special***  

* Special here means tyres for mainly off-road use 
** Snow means tyres used for maximum traction purposes, such as tyres on drive axles on 
trucks and busses, and tyres for use in mud and snow and on icy roads 
*** Special here means tyres for heavy duty use, e.g. tyres for use on trucks partly driven off-
road, such as trucks carrying building construction material from gravel pits, etc. 

10.2 Alternative categorization by tyre load index (LI) 

When the Directive and the corresponding ECE regulation were discussed, Germany put 
forward a proposal to replace the width categorization with one based on the load index. 
The load index is selected according to what maximum load the car will carry, and thus 
based on technical needs. Also the tyre width is selected according to load requirements 
but also with respect to appearance and fashion. It could be tempting to select a wider 
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tyre than desired for other reasons, since it would give a higher allowance in terms of 
noise level. In such a case the noise limitation system might be partly counter-productive.  
 
The German proposal is presented in Table 4. However, the width categorization was 
preferred in both the Directive 2001/43/EC and in the ECE Regulation. 
 

Table 4.  Categorization of tyres according to a German proposal [BMV, 1997], compared 
to that in Directive 2001/43/EC.  
 

Designation of 
tyre group 

Directive 2001/43/EC 
Tyre section width 

[mm] 

Directive 2001/43/EC  
Extra subcategories 

German proposal 
Load Index (LI) 

Main category C1: Tyres for cars: 
C1a <145 Reinforced / Special* LI < 80 
C1b >145   <165 Reinforced / Special* 80 • LI • 86 
C1c >165   <185 Reinforced / Special* 87 • LI • 93 
C1d >185   <215 Reinforced / Special* 
C1e > 215 Reinforced / Special* 

LI • 94  

10.3 Technical possibilities to skip the tyre width categories 

Based on the knowledge available at the production of the Directive 2001/43/EC, it 
seemed justified to use different limiting values for different tyre widths (or load index); see 
for example Fig. 5. If one would have determined only one single limit for all car tyres, the 
result would have been a rather high limit, allowing some wide tyres to be used, and this 
would have resulted in no narrow and very few medium tyres being eliminated. Since the 
latter dominated the market, this would have meant an inefficient noise control system. 
 
As shown in Chapter 2, the legislation which governs tyre/road noise today, at least for 
tyre category C1, is the vehicle noise Directive 92/97/EC rather than the tyre noise 
Directive 2001/43/EC. In the former, there is no distinction between tyre widths or load 
index. 
 
Furthermore, the relation observed in recent measurements between noise levels and tyre 
widths of car tyres, suggests that width is no longer a major factor within the tyre width 
range which contains the majority of tyres. The reason for this might well be the indirect 
requirements on tyre/road noise in Directive 92/97/EC.  
 
Consequently, there is clearly a technical possibility to skip the distinction between widths 
and use the same limiting value for all C1 tyres. It is hard to see any need to keep this 
particular feature of the Directive, other than for the extremely wide C1 tyres. Rather, it is 
counter-productive, since the more liberal noise limits for wider tyres encourage the 
selection of wider tyres than are necessary for vehicle handling, etc. The narrowest tyres 
(155 mm and lower) would have little problem to meet lower limits, in contrast to the 
medium-wide tyres, but since these narrow tyres are a relatively small percentage in 
today's traffic (total market share of 10-15 %) and probably will be so even more in future 
years, it is not necessary to require lower limits for them. 
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11 Tyre types not covered by the Directive 

It is important here to consider the timing of the introduction of the noise limits for various 
categories of tyres. This is summarized in Table 5. 
 
Table 5.  Time schedule for introduction of the noise limits for various categories of tyres, 
according to the Directive 2001/43/EC, published 27 June 2001. From [Stenschke & 
Vietzke, 2005], but supplemented by this author. 
 

Tyre Directive 2001/43/EC of 27 June 2001 
Time schedule 

• Approval of new tyre types     Since 4 August 2003 
• Approval of new vehicle types     Since 4 February 2004 
• Registration of new vehicles     From 4 February 2005 
• Approval of all tyre types     From 1 October 2009 
• Exceptions for specific tyre classes     Until 30 September 2010 (class C1d)   

    Until 30 September 2011 (class C1e) 
 
 
Consequently, from when this report is written and until 1 October 2009, tyres which are 
not new types (issued from 4 August 2003) or are not used on new vehicles during 
homologation are exempt from the noise limits. When this is written this means that a 
substantial part of the OE and all replacement tyres on the market do not yet have to meet 
any noise limits; especially the replacement tyres. 
 
Further, no retreaded tyres need to meet the noise limits. It is not known to this author that 
plans exist within the Commission to include retreaded tyres, but in the UN group 
ECE/WP29/GRB, there are advanced plans to do so. Perhaps, the Commission will 
accept the coming ECE regulations also for conversion into an EU Directive. Retreaded 
tyres constitute approximately half of the truck and bus tyres in traffic. For car tyres, the 
retreaded proportion is not big, except in the Nordic countries where 25 % of the tyres are 
retreaded; most of them winter tyres. 
 
The ECE work aims at introducing noise limits in existing ECE regulations as follows: 
 

• ECE R108 Uniform provisions concerning the approval for the production of 
retreaded pneumatic tyres for motor vehicles and their trailers 

• ECE R109 Uniform provisions concerning the approval for the production of 
retreaded pneumatic tyres for commercial vehicles and their trailers 

 
The aim is that the noise-related part of R108 and R109 shall be based on R117 (the 
noise regulation for new tyres). The latest information is that BLIC and BIPAVER, which 
are two organizations within which the retreading industry cooperates, consider May 2006 
as a practical target date for completion of a final draft. Initial indications are that there 
would not be any change from the test procedures and limit values given in Regulation 
No. 117 [BLIC/BIPAVER, 2005]. 
 
As is concluded in Chapter 6, the noise emission of retreaded tyres is similar to that of 
new tyres, except for the heavy vehicle tyres, for which the retreaded tyres included in the 
test sample were 2-4 dB(A) noisier than new tyres. However, this is not considered to be a 
general disadvantage of retreading but rather a matter of using high-quality tread moulds. 
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12 Some views expressed recently by vehicle 
and tyre manufacturers 

12.1 Vehicle manufacturers 

In its response to a FEHRL questionnaire issued within this project, the following answers 
from the European Automobile Manufacturers Association (ACEA) are of interest 
(summarized here): 
 
• ACEA points out that OE tyres with 1-4 dB(A) lower noise levels than present limits 

already are largely available on the market 
• The section width specification should be revised to use only one width class (all 

widths) or three classes (small, medium, large) 
• As replacement tyres most likely have higher noise levels (and are not currently 

subject to limits) a marginal effect on traffic noise can be expected of new and stricter 
noise limits 

• The ISO 10844 surface seems to be appropriate after some improvements 
 
 
12.2 Tyre manufacturers 

In a recent presentation, Dr Saemann from Continental Tyres presented "Perspectives for 
PC Tyres" as follows [Saemann, 2005-2]: 
 
Short term 
• Full compliance to current Dir 2001/143 (including replacement tyres) 
• -1 dB(A) by 2007/2008 for section widths < 185 
 
Medium term 
• Reduction by 2009/2010 
• Another -1 dB(A) for all tyre widths seems feasible keeping the other performances 

well balanced but with the following constraints: 
 - The growth of the SUV market world-wide will require special consideration for off-

road tyres 
 - The trend for higher section widths tyre will certainly need to reconsider the 

splitting of class C1e which is unlimited for the moment 
 
Long term 
• A technological break-through is required if we have to generate a shift of more than 

-3 dB(A) for all the tyre categories 
 
 
At a meeting between the project group and ETRTO in September 2005, it was expressed 
by ETRTO that low-profile high-performance tyres with exceptional section width (such as 
250-270 mm) may need extra noise allowance, which is in-line with the presentation by Dr 
Saemann. 
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The author's comment is that there is already a special provision for off-road tyres 
(currently 2 dB higher allowance). 
 
In the discussions between ETRTO and FEHRL, ETRTO has expressed the following 
(most important) views: 
 
• There is a clear relation between noise level and tyre width (see further section 7.4) 
• Therefore one shall maintain the present system with different noise limits in different 

tyre width classes 
• Wider tyres need higher noise limits (see further section 7.4) 
• For the latter purpose one should create two new tyre width classes on top of the 

existing ones 
• Reinforced tyres need an extra allowance (see further section 7.4) 
• Retreaded tyres need not in general to be noisier than new tyres 
• Limits can be reduced by 1 dB(A) for the majority of tyres in 2007-2009 
• Limits can be reduced by a further 1 dB(A) for the majority of tyres in 2009 (except 

M+S tyres) 
• Reducing noise limits by 2 dB(A) will require redesigning of 10 % of tyres of current 

tyre families and will leave a further 14.9 % of tyre families exactly on the limit 
• Tyres used off-road for special tasks such as power line inspection and repairs, fire-

fighting, medical emergencies, etc, are called Professional off road tyres and should 
be exempted from noise limits. Definitions may include tread depth at least 10 mm, 
speed symbol maximum Q (160 km/h) and M+S marking 

• ETRTO does not accepting testing on two different ISO surfaces; it would mean too 
much extra labour and costs 

 
ETRTO holds the view that M+S tyres need 1 dB higher noise limits than non-M+S tyres. 
To support this, ETRTO submitted a diagram based on the same data as Fig. 25, 
according to which the regression line for noise versus tyre width is 1 dB higher for winter 
(M+S) tyres than that of summer tyres. 
 
This literature review has not discovered any significant difference in noise generation 
between winter and summer tyres (except that presented by ETRTO). However, it has 
been noticed that the variation between various tyre brands is larger for winter than for 
summer tyres. Therefore, in case one would measure predominantly tyres which would 
tend to be closer to the limits, rather than such which are well below the limits15, one 
would probably find that winter tyres would more frequently appear in this higher noise 
level range than summer tyres. This does not, however, mean that the "average" winter 
tyres are noisier than summer tyres. It has, for example, often been noticed that the 
quietest tyres are (studless) winter tyres [Sandberg & Ejsmont, 2002]. 
 

                                                        
15 It would be natural to do this if one would like to be sure that a family of tyres does not exceed the noise 
limit, since one needs then to measure only the "worst" tyres and the "best" tyres may be left aside 
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13 Variability between tyres and the potential 
for noise reduction utilizing existing 
technology 

The data reviewed allows some conclusions to be drawn with regard to the variation in 
noise levels between tyres. The following is a compilation of such information, neglecting 
slick tyres and studies containing less than 50 tyres: 
 
Source    Variation for similar subclass     Variation within class C1 
 
Fig. 6 (normal DAC surface)  10 dB    >10 dB 
Fig. 7 (ISO surface)   8 dB    >8 dB 
Fig. 9     4-5 dB    5 dB 
Fig. 15     6 dB    7 dB 
ETRTO figure on Noise vs LI  6-7 dB ?   13 dB  
ETRTO figure re. M+S tyres  6-8 dB ?   10 dB 
 
The ETRTO figures are not published here but were given to the FEHRL project group 
and are mentioned in Sections 7.4 and 12.2. 
 
Fig. 9 contained the lowest number of tyres (82), which may explain why the variation is 
the smallest, while the ETRTO figures contained up to 500 tyres, which may explain why it 
seems to show the largest variation. Taking such differences into account, the data seems 
to be rather consistent, suggesting that if one includes several hundreds of tyres in the 
tests, variation will be 6-8 dB within a certain sub-category and about 10 dB within the 
total C1 category.  
 
The above figures are for C1 tyres only. For C2 tyres, the amount of available data is too 
small. For C3 tyres, the only substantial source would be Fig. 16, which suggests that the 
range is about 10 dB (excluding the worst tyre tested by M+P). 
 
Assuming that all European tyres are safe, this of course suggests that there is quite a 
potential to reduce noise emission without obtaining unsafe tyres simply by trying to apply 
the best currently available technology. The entire range of variation cannot be utilized for 
this since within each subcategory there are tyres optimized for various purposes, but a 
major part of it should be available. 
 
Finally, it can be mentioned that a list of measured noise levels of C1, C2 and C3 tyres, 
made by TÜV and Müller-BBM in Germany and M+P in the Netherlands, is published on a 
Dutch website [IPG, 2005]. Most if not all of these measurements are already included in 
Figs. 15 and 16. 
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14 Future potential low-noise concepts for 
tyres 

14.1 Further development using conventional technology 

The technical potential for reduction of tyre/road noise the next few years and in a longer 
time perspective is also of interest. The following is a non-exhaustive list of possibilities 
currently under exploration: 
 
Adapting winter tyres for all-year use: The principles used in construction of winter 
tyres may be partly adapted to summer tyres; in order that summer tyres may obtain some 
of the favourable noise characteristics of winter tyres; yet having handling and wet friction 
properties acceptable for summer use. This may include using smaller tread elements, 
more frequent siping and softer rubber compounds.  
 
Can some winter tyres even be used the entire year? To answer this question, it is 
interesting to note what one tyre expert wrote to this author a couple of years ago (citation 
modified only to provide anonymity)16: “Tyre XX is made for Middle-European winter. I am 
myself using them as summer tyres (225/45R17) because of good, comfortable, 
acceptable handling, low noise and low rolling resistance.” This person is a major 
researcher at a European tyre research centre. This is not to say that all or most winter 
tyres would be suitable also for summer use, but it suggests that at least some of them 
are so; probably with some sacrifices, for example wear.  
 
Probably, one may regard the tyre shown in Fig. 47 as one example of application of this 
principle. 
 
Reducing the air/rubber ratio in the tread pattern: In the SILENCE project one of the 
possibilities being explored is the reduction of the air/rubber ratio in the tread pattern; for 
example by reducing the width of channels in the tread pattern. It has been found that a 
combination of softer rubber and lower air/rubber ratio may influence tyre/road noise 
emission on an ISO surface by about 6 dB(A). If, today’s common ratio of 30 % is 
replaced with 20 % this would give a potential noise reduction of 3 dB(A). Work will 
continue; for example to see how a reduction from 30 to 20 % may be combined with 
acceptable hydroplaning characteristics (this may be difficult for high-performance cars). 
 
Reducing the longitudinal size of tread elements: Today, the number of tread 
elements around a car tyre circumference is around 65; which is a result of a compromise 
between demands for braking and noise. This gives a tread impact frequency which is 
near the typical peak in the frequency spectrum at 800-1000 Hz. It is desirable to displace 
this tread impact frequency to some higher frequency where the tyre is less sensitive. 
Within the SILENCE project, it is therefore considered to increase the number of tread 
elements to a higher number, at least 70 and preferably up to 100. This cannot be made 
immediately since one must find out ways to achieve this without compromising braking 
performance due to the more flexible tread. 
 

                                                        
16 Unfortunately, a reference cannot be given here, due to confidentiality promises 
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Making use of softer rubber compounds: Typically, winter tyres may have a Shore 
hardness of 55-60. Fig. 50 shows an example of how rubber hardness of summer tyres in 
new condition and then hardened by time affects noise generation for three tyres. If tyres 
did not have to be produced for such high speed categories as today, softer compounds 
may be used. Softer tyre rubber compounds are already used in Japan and in USA, but 
cannot yet be used in Europe due to the high maximum speeds on certain motorways. 
 
Sidewall stiffness adjustments: Changing the sidewall stiffness by using other materials 
or adding extra materials on the entire or part of the sidewalls will affect noise generation; 
especially at rather low frequencies. For example, one may have a different stiffness on 
one of the sidewalls compared to the other one in order to reduce the propagation of noise 
away from the vehicle. 
 
Run-flat technology: A little related to the topic above, an interesting challenge is also to 
combine run-flat technology with noise reduction. In principle, one can imagine that some 
of the run-flat concepts used or considered today may be adapted also to provide some 
exterior noise reduction; though not necessarily a simultaneous interior noise reduction. 
Views on whether the run-flat technology may be positive or negative to noise vary. 
Anyway, it needs some exploration. 
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Fig. 50. Effect on tyre/road noise of rubber hardness (in Shore A), measured with the 
CPX method on an ISO surface and a rough-textured surface. Diagram by the author, 
measurements in 2005 on the laboratory drum at the Technical University of Gdansk, 
Poland. 
 
 
An example of a successful noise reduction design was presented in [Saemann et al, 
2001]. Dr Saemann and his colleagues had produced a truck tyre that was equally quiet 
as a slick tyre, see Fig. 51. However, although the tyre had fully acceptable properties in 
other respects than noise, it was found that this tyre was not desired or needed by the 
vehicle industry, partly due to its visual appearance, partly due to that there was no need 
for any quieter tyre by the vehicle industry. 
 
By means of the noise prediction model TRIAS for tyres, TNO in the Netherlands has tried 
to predict how one may optimize the major parameters to obtain a low noise design [de 
Roo, 2005]. Parameter values for nine variables are given for minimum vibration noise.  
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Fig. 51.  Noise levels of some conventional truck tyres, a slick tyre and a low-noise truck 
tyre, according to [Saemann et al, 2001] (the black heading and arrow added by this 
author). 
 
 
 
14.2 Attempts to estimate the noise reduction potential 

The TNO modelling mentioned above claims to make possible a noise reduction of 
vibration-related noise by 6-7 dB(A) by optimization of a set of nine parameters; for 
example resulting from a 25 % reduction in section width and 5 % reduction of rolling 
radius and lower air/rubber ratio. The overall reduction depends on how large proportion 
of the total noise that comes from vibrations [de Roo, 2005]. It is admitted that handling 
and wear requires further attention and aquaplaning is predicted to both suffer and benefit 
from the changes. The TNO study finally estimates the noise reduction potential to be 5-6 
dB(A) if air pumping noise can also be reduced; for example by adding porosity in the tyre 
tread. 
 
The technical potential for reduction of tyre/road noise the next few years by conventional 
methods has been extensively explored and discussed in a German PhD thesis 
[Schubert, 2003]. In his summary Dr Schubert includes a figure that illustrates his 
impression of the potential influences of various parameters that tyre engineers may play 
with, see Fig. 52. 
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Fig. 52. Noise-influencing parameters and their relative reduction potentials, according to 
[Schubert, 2003], translated from German to English by Mr Schubert and the author. 
 
 
Dr Schubert lists the following possibilities (translated from German): 
 
• Making use of the acoustical advantages of tyres with run-flat technology 
• Implementation of a fast tyre inflation control system (to optimize air inflation 

pressure) 
• Spatial differentiation of functional properties in the tyre/road contact area (outside 

parts of tread acoustical optimized => longitudinal profile, inner part of tread optimized 
for example for wet braking and handling => lateral profile), in combination with a 
dynamically adjustable camber 

• Making use of softer tread compounds (considering wear resistance and rolling 
resistance) 

• Minimization of the horn effect towards the sides (more "corner-like" tyre cross-
section, screening of the horns) 

 
With such measures, the noise reducing potential is estimated at the same level as the 
noise emission of slick tyres; i.e., 4-5 dB(A) lower than today's tyres of the same 
construction but with conventional tread patterns [Schubert, 2003]. 
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14.3 Unconventional technology and innovations 

The pneumatic tyre has been developed over the decades into one of the most 
sophisticated mechanical components that one can imagine17. It provides a rolling 
performance in most important respects that is amazing. Only a minor defect may 
demonstrate that this performance is not a matter of course but a result of a sensitive 
design. But this does not go without saying that the pneumatic tyre is the only useful 
device that could provide a safe, quiet and economic rolling for a vehicle. If a mere 
fraction of all the resources spent on tyre development so far would be spent on 
development of the composite wheel [Sandberg 2003-1], what can one achieve then? 
 
An interesting editorial appeared in Tire Technology International recently. It was written 
by the former Director of Research at Dunlop Tyres in the UK, Dr A.R. Williams. He wrote 
[Williams, 2005-1]: 
 
"So why is the industry almost afraid to move forward and challenge principles and practises that 
have been around far too long and not questioned? Who is stopping the questions even being 
asked? Are the answers such that the associated change is just too scary?" 
 
Non-pneumatic tyres are not subject of the Directive 2001/43/EC. Nevertheless, in the 
future it may happen that non-pneumatic tyres might replace pneumatic ones so it is 
interesting to see what possibilities there may be at the horizon. 
 
Ongoing work led by VTI but in cooperation between a number of organizations and 
companies attempts to study the feasibility of developing the composite wheel concept 
into a useful component [Sandberg et al, 2003]. The partners include for example 
Chalmers and VTI in Sweden, the Technical University of Gdansk (TUG) in Poland, Volvo 
Cars, Nokian Tyres, and a retread company. It has already been demonstrated that the 
composite wheel has a very large noise-reducing potential if properly designed, and its 
wet friction and hydroplaning properties should be superior, but it is unknown if  it can be 
made durable enough, what handling and rolling resistance properties one can achieve 
and how competitive production costs may be. Refer to Fig. 53 for an illustration. 
 
The noise-reducing potential for a composite wheel was demonstrated earlier to be 
around 10 dB(A); i.e. better than that of a pattern-less tyre on a smooth surface, and much 
better than any type of pneumatic tyre on a rough surface. Thus, it has the potential of a 
technical breakthrough, if properly developed (chapter 25 in [Sandberg & Ejsmont, 2002]). 
 
In January 2005, the Michelin concept wheel; the TWEEL, was presented. It has been 
developed at the Michelin research center in Greenville in the USA and has in 2005 
received a number of innovation awards. An article in Tire Technology International 
describes this wheel which has a significant resemblance to the one in the VTI project 
[Williams, 2005-2]. There is a video film made by Michelin which shows an Audi A4 car 
driving around a curvy test track at relatively high speed on a set of TWEELs. However, it 
has been indicated in an interview with a Michelin official that there are some problems 
with vibrations from the spokes, just as has been experienced in the design in Fig. 54. 
Nevertheless, when developed further by Michelin, it is possible that this concept may 
provide a technical breakthrough in terms of exterior noise emission. 
 
 
                                                        
17 The text in this part is partly based on an article in Tire Technology International '03 [Sandberg, 2003] 
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Fig. 53.  (above) Early version of a 
composite wheel (not a good design re. 
noise). Note the ventilation holes in the 
tread. New version is underway in which 
the spokes are better designed to re-
duce stiffness variations around the cir-
cumference and with better distributed 
ventilation holes. 
 
 
Fig. 54.  (left) The TWEEL as it was 
presented the first time at the motors 
how in Detroit in January 2005. Photo 
kindly supplied by Dr Lin Kung, Kumho 
Tires, USA. 
 
 

 
 
A somewhat similar design is the Michelin Airless tyre, which was reported in a press 
release 2005-01-12 as: "Michelin Airless enables vehicles to run safely and comfortably 
because its elastic characteristics are controlled longitudinally, transversally and vertically. 
A car doesn’t have to stop even if one or more of the radial bands break or are damaged. 
The Michelin Airless is being tested on passenger cars and motorcycles, but could be 
fitted to other vehicles as well". VTI tested a similar design in 1991, giving a noise-
reduction of around 6 dB(A) in relation to an "average" pneumatic tyre, and it worked well, 
except that the "spokes" created severe noise when they got in contact with each others 
over a certain speed (see Table 25.1 in the Tyre/Road Noise Reference Book). Therefore, 
the Airless tyre should have a good potential for noise reduction, if the problem of 
contacting spokes can be solved; which is likely that Michelin would be able to do. The 
Michelin Airless tyre picture cannot be shown here due to copyright reasons, but the VTI 
version from 1991 gives an idea of how it looks like, see Fig. 55. 
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Fig. 55.  Composite wheel, invented 
by H E Hansson, tested by VTI in 
1991, see Table 25.1 in [Sandberg & 
Ejsmont, 2002]. The Michelin Airless 
tyre somewhat resembles this 
design. 
 
 
 
 
 
 
 
 
 

 
 
The project led by VTI on tyre innovations also looks at the possibility to replace the 
conventional patterned tyre tread with a porous tread. In fact, a few of the most recent 
tyres have some kind of porosity features in their treads, although not so obvious to the 
eye, but there is evidence that such tyres are low-noise types. Speculations and some 
earlier testing suggest that such a porous tread tyre may have excellent wet friction and 
rolling resistance properties, but may sacrifice wear. Would a greater wear (if any) be 
acceptable? Would side force characteristics be acceptable? Further, a crucial point is if 
the porous tread can be sufficiently firmly connected to the carcass.  
 
The tread produced here is made up of rubber granules bound with polyurethane to create 
a porous structure with interconnecting air voids. The aim of the first phase of the project 
was to determine the potential noise reduction and rolling resistance of a porous tread tire. 
Fig. 56 shows the first prototypes of the porous tread tyre made in 2004. 
 
Testing so far of the porous tread tyre has indicated very interesting results [Sandberg et 
al, 2005]. The results indicated that the noise emission was exceptionally low on road 
surfaces with a texture typical of Swedish highways. In comparison to the two commercial 
car tires chosen as references, the noise reduction was about 7 dB(A) for both the narrow 
and wide tyres which is far below any other tyre measured. On very smooth surfaces, 
noise reduction was lower due to low-frequency noise being present as a result of the 
inhomogeneities in the handmade tread. Rolling resistance was about 10 % lower than 
that of a Michelin Energy 3A tyre which is the best of the conventional tyres measured by 
TUG so far. Wet friction was poorer than on the high-performance reference tyres; but can 
no doubt be improved substantially if high-quality rubber compounds are used instead of 
the low-quality recycled rubber used in the first prototypes. 
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Fig. 56. Two porous tread tyre prototypes together with the regular tyres used as 
carcasses for the porous tread (after buffing-off the existing tread). 
 
 
Provided the friction, handling and wear properties of the porous tread tyre can be 
managed acceptably, this tyre may offer a technical breakthrough both for noise and 
rolling resistance. At least for wet friction, there is also a good potential, since the air 
volume in the tread is comparable to that of a summer tyre (in fact, approximately 30 % air 
voids by volume was measured) and all porous channels are very close to each other; 
shortening the escape time for water from a certain point in the tyre/road interface. 
Although friction on icy surfaces may be good, it is speculated that traction in snow may 
create some problems; thus the porous tread may not be ideal for all winter conditions. 
 
Some 20 years ago, tyres filled with solid polyurethane were tested for noise reduction. 
VTI and TUG still have such a tyre, sometimes used for testing purposes. This filled tyre 
produced about 3 dB(A) lower noise than its air-inflated counterpart (both were pattern-
less). It is very interesting to note that polyurethane-filled tyres are no longer considered to 
be unrealistic. The US-based Amerityre Corporation (a manufacturer of moulded/filled 
bicycle and industrial truck tyres) is currently developing this concept for automobile use. 
For a few years, also Goodyear in USA was involved in this development. 
 
The latest progress reported (April 2005) is that a tyre filled with polyurethane elastomer 
has been approved by NHTSA according to the Federal Motor Vehicle Safety Standard 
FMVSS 129 for use as a temporary/spare tyre [Amerityre, 2005]. FMVSS 129 is the 
applicable U.S. safety standard for new, non-pneumatic tyres that must be met before the 
tyres can be offered commercially. The appearance of this tyre is shown in Fig. 57. This 
author believes that a success for this concept might mean a breakthrough for lower 
exterior noise too, provided noise issues are addressed in the construction. 
 
It is concluded that there are several possibilities for a breakthrough in tyre design for low 
noise (and low rolling resistance) within the next 10 years or so, provided sufficient 
resources are spent on developing the concepts presented above. 
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Fig. 57.  Two polyurethane-filled spare tyres, approved by NHTSA, offered by Amerityre 
Corporation. The larger tyre is for a small-size SUV, rated for 2000 lbs, the smaller is for a 
regular car, rated for 1500 lbs. Photo used with permission, kindly supplied by Mr E 
Taylor, Amerityre Corporation. 
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15 Suggestions for lowering of the noise 
limits 

15.1 Policy expressions 

When the ISO 10844 standard was developed some 15 years ago, the working group 
ISO/TC 43/SC 1/WG 27 (convened by this author) did not consider the surface as suitable 
This chapter reviews proposals to lower the tyre noise limits of Directive 2001/43/EC or 
the corresponding ECE draft regulation that have been made by various organizations or 
countries. This is of relevance here since one may assume that the proposed limits are 
based on estimation by the proposer of what is technically feasible and what is needed in 
order to achieve a noise-reducing effect in traffic. 
 
The Commission has expressed in a report to the Parliament and the Council willingness 
to follow-up and if feasible reduce the tyre noise limiting levels [Commission, 2004]. Two 
sections will be cited here. First a section referring to the vehicle noise limits, which will of 
course influence the tyre noise requirements from vehicle manufacturers to tyre 
manufacturers: 
 
"In fact, the introduction and regular tightening of these limits allowed for a harmonisation 
of the road vehicle fleet regarding noise emission characteristics, but did not prove to be a 
strong technical drive towards quieter vehicles, particularly in the case of delivery vans 
and trucks. Efforts should therefore be pursued in the future to assess the possibility of 
introducing tighter limits ensuring that quieter vehicles are actually being put on the 
market and recommending ways of removing noisier vehicles from the existing fleets." 
 
What is written specifically regarding tyres? First, the Commission describes the work 
which is actually the subject of this report; namely reviewing the present limits to see if the 
next stage set out in the Directive can be taken without compromising safety and rolling 
resistance. For the future following this, the following citation is of interest here: 
 
"The European Commission is pursuing its efforts at the UN/ECE level in order to propose 
the integration of the European tyre rolling noise provisions in Regulation N°51 of the 
1958 Agreement of the World Forum for harmonisation of vehicles. However, the other 
contracting parties to Regulation N°51 are not considering the tyre as the only critical 
parameter, and suggest additional measures to address traffic noise, in particular 
regarding road surfaces and infrastructures." 
 
This is maybe somewhat unclear. One interpretation is that the Commission plans to, via 
work being conducted in the ECE, skip the tyre noise Directive and rely only on the 
vehicle noise Directive, or possibly supplement the latter with what is now in the tyre noise 
Directive? Further, measures to address traffic noise regarding road surfaces and infra-
structures seem to be considered18.  
 
 

                                                        
18 The latter seems to this author as difficult to do within GRB and WP 29 which deal with regulations related 
to vehicles. 
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15.2 Proposal by the UBA of Germany 

When the ISO 10844 standard was developed some 15 years ago, the working group 
ISO/TC 43/SC 1/WG 27 (convened by this author) did not consider the surface as suitable 
The Umweltbundesamt (UBA) in Germany has proposed lowering of limits according to 
Table 6 [Stenschke, 2005], with an illustration for the car tyres in Fig. 58 [Stenschke & 
Vietzke, 2005]. The proposal is for a "flat rate" for C1 tyres of 71 dB(A). Together with the 
lower values for truck tyres, the lowering of the limits range between 1 and 6 dB(A). It is 
assumed here that the proposed values assume a similar treatment of measured values 
as the present Directive; i.e. truncation of decimals and subtraction of 1 dB. 
 
The UBA proposal is summarized as follows [Stenschke & Vietzke, 2005]: 
 
• The EU Directive on the limitation of tire/road noise emission has been effective since 

4 August 2003 for approval of new types of tire. However, the limit values it sets are 
too high to bring about an advance in the state of the art. 

• For this reason, the Federal Environmental Agency calls for distinctly lowered limit 
values. The proposed reductions versus the limit values of the Directive amount to 1 
to 5 dB(A) for passenger car tires and 5 to 6 dB(A) for tires for commercial vehicles. 
Furthermore, the FEA is proposing that ambitious limit values for rolling resistance 
should be introduced as soon as possible.  

• For the sake of better consumer information, all tires should be labelled with the type-
approval values for tire-rolling noise and rolling resistance.  

• Retreaded tires should be included in the scope of the Directive, at least for 
commercial vehicle tires because of their remarkable share of about 50% on the 
market. 

 
When comparing the values in the table with the data of Figs. 15-16, it appears that the 
proposal would eliminate (approximately) the noisiest 20 % of the tyres. It is interesting to 
note that 25 % was a target discussed in ERGA-Noise and was the basis for the Nordic 
proposal in 1995. The following is a citation from the latter [Nielsen et al, 1995]: 
 
"25 % of the noisiest tyres on today’s market shall be replaced by less noisy tyres. This is a number 
mentioned in the discussions at ERGA-Noise meetings and no objections have been raised. This 
should ascertain that 
a.  remaining tyres will meet high demands on safety 
b.  there will be no dramatic effects on the market" 
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Table 6  Lowering of noise limits suggested by the German Umweltbundesamt (UBA), 
according to [Stenschke, 2005]. The table also contains the criteria for low noise tyres 
according to ÖAL (the Austrian Noise Abatement Working Group). 
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Fig. 58. The proposed new tyre noise limits for car tyres proposed by UBA, together with 
the relationship between tyre/road noise and tyre width from measurements covering 82 
types of passenger car tyres [Stenschke & Vietzke, 2005]. Values measured according to 
Directive 2001/43/EC (truncated and with 1 dB(A) subtracted). 
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15.3 Proposal by TRL Limited 

A proposal for new tyre noise limits was submitted recently by TRL Limited [Watts et al, 
2005]. Table 7 shows the proposed limits for the various car tyre categories. Values in 
column A are measured according to Directive 2001/43/EC (truncated and with 1 dB(A) 
subtracted), while values in columns B and C are the measured values rounded to the 
nearest integer. This means that when comparing the columns with each other, the values 
of columns B and C as compared to column A are actually 1-2 dB more stringent than 
shown in the table (an average of 1.5 dB more stringent). 
 
The TRL proposal did not address C2 or C3 tyres. 
 
 
Table 7. The proposed new tyre noise limits for car tyres proposed by TRL Limited. See 
text for comments regarding comparison of column A with columns B and C. 
 

  Limit values in dB(A) 

Tyre class Nominal section 
width (mm) 

A  
(current limit)  B1 C2 

C1a • 145 72 71 71 

C1b > 145 • 165 73 72 71 

C1c > 165 • 185 74 72 71 

C1d > 185 • 215 75 73 71 

C1e > 215 • 245 76 73 71 

C1f > 245 76 75 73 
1  Limit values shall apply from 1 July 2008. 
2  Limit values shall apply from 1 July 2010. 

 
 
The above means that in the TRL proposal in column C the maximum level (before 
rounding) will be 71.4 dB for tyres C1a-C1e, while it is currently 73.9 dB for tyre category 
C1a and 77.9 dB for tyre category C1e; the latter according to column A but with the effect 
of truncation and subtraction added (+1.9 dB). Thus, the TRL proposal means an actual 
reduction in limits of 1.5 to 6.5 dB for the tyre categories C1a-C1e. This is rather similar to 
the UBA proposal of Table 6 which means 2 to 5 dB in reduction. 
 
Note that the principle to make noise limits independent of tyre widths favoured in both the 
UBA and the TRL proposal (in the latter case with an exception for extremely wide tyres) 
are supported not only by the data compilations (such as Fig. 15) but also by the 
arguments against the styling concept called plus-sizing mentioned in Section 9 of this 
report. 
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15.4 Other considerations 

Apart from the UBA and TRL documents, a large number of reports, papers, books and 
other documents have expressed as their view that the tyre noise limits in Directive 
2001/43/EC are not strict enough to have any effect on traffic noise. Some of them are 
[SILVIA, 2005-1], [Haider et al, 2004], [ÖAL 35, 2004], [Sandberg & Ejsmont, 2002], [van 
der Toorn & Gerretsen, 2000]. 
 
As mentioned earlier in this report, replacement tyres are not yet subject to noise limits. In 
terms of the effect on road traffic noise levels, this means that the efficiency of the 
Directive is poor, due to the following reasons: 
 
• Replacement tyres are a substantial part of all tyres used in traffic; probably about 50 

% of all tyres are replacement tyres (not considering retreaded tyres here) 
 
• Replacement tyres often use somewhat different materials than corresponding OE 

tyres and are likely to be marginally noisier than OE tyres; see Section 12.1 and 
[Redmann et al, 2002]. The latter concludes that the noise difference to OE tyres may 
be 0 to 1 dB for tyres being nominally equal. 

 
It may be concluded that replacement tyres should have to meet similar noise limits as OE 
tyres as soon as possible. 
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16 The relevance of the ISO 10844 surface 

16.1 Representativity of the ISO 10844 surface 

When the ISO 10844 standard was developed some 15 years ago, the working group 
ISO/TC 43/SC 1/WG 27 (convened by this author) did not consider the surface as suitable 
for testing tyres, at least not as a single surface. The main reason was that it was by that 
time not similar to any major surface which one would find on a considerable length of the 
road network. It was too quiet to be representative. This was also an expressed aim of the 
work, as order by ISO, since it was desired to define a surface that would reduce tyre 
noise contribution during the testing according to ISO 362 (nowadays similar to Directive 
92/97/EC).  
 
But things have changed quite much since the 1980's, and nowadays the 10844 surface, 
or rather an improved version of it as is presently being developed, is more acceptable 
and in fact quite suitable for tyre noise testing. Of course, it is a common view among 
independent researchers and testing experts that it shall be supplemented by a second 
surface with a significantly rougher texture. 
 
The reasons why the 10844 surface (with improved specifications) is acceptable nowa-
days are as follows: 
 
1.  The texture of this surface is quite similar to that of an SMA 0/8 or SMA 0/6 which are 
nowadays becoming increasingly popular as "semi-low-noise" surfaces in urban areas 
(where noise is a problem). 
 
2.  The texture of this surface and the balancing on the limit to where its sound absorption 
becomes important is similar to that of many thin surfacings, which are nowadays rapidly 
becoming popular in urban areas, not the least due to their low-noise characteristics. 
 
3.  All parties should work for an increased use of the above mentioned surfaces where 
noise is a problem, due to their acoustic properties; i.e. in the future one would expect to 
see even more use of these surfaces in urban areas. Not the least because the SILVIA 
project has demonstrated this need and possibility and it is likely that the SILVIA project 
might have such an effect on road and environment authorities. 
 
That this is the case is not strange at all. The task that was given to WG27 at the end of 
the 1980's was to specify a surface which gave a minimum of tyre/road noise, without 
affecting other vehicle noise (i.e. without substantial sound absorption). To create this, 
and with the poor surface measuring methods that were available by that time, WG27 had 
to find an acceptable balance. The principles of texture optimization were used to 
determine what surface that would fit the task that had been given. And WG27 succeeded 
quite well, since this surface has been demonstrated over and over again to be a low -
noise surface; sometimes even "too low noise". The major problem was the lack of good 
methods to limit sound absorption to what was desired and this has been one of the major 
causes for the variability. But this variability was fairly acceptable by that time for ISO 362 
purposes and with the limiting values by that time (when tyre/road noise was of much 
lower importance than now). After the introduction of ISO 10844, it cut the pre-10844 
variability in ISO 362 measurements by a factor of three. This was a quite dramatic 
improvement. 
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The same principles of texture optimization are used today to create or to select the 
surfaces mentioned above, so it is just natural that the ISO 10844 surface resembles 
surfaces that we more and more often find in noise-sensitive areas. 
 
However, this does not exclude that a rougher textured surface is also needed, in order to 
represent the type of surface used on many high-volume and high-speed highways and 
motorways where safety and durability are crucial; see below. 
 
Thus, there is not really a need to replace the existing 10844 surface; its specifications 
shall just be tightened and use the state-of-the-art in measuring methods, such as for 
sound absorption and texture.  
 
The major problem of any test track surface is almost impossible to solve: any test track 
surface of a type resembling ISO 10844 will hardly ever excite as much high- and 
medium-frequency noise as the same surface on a trafficked road will do after exposure to 
normal (heavy) traffic for 1-2 years. This is probably due to a combination of polishing and 
compaction that is hard to simulate on a test track. 
 
 
16.2 Correlations between measured levels on an ISO surface 

with levels on common road surfaces 

TRL Ltd has studied the relation between noise levels measured on ISO surfaces and 
noise levels measured on a number of other surfaces [Abbott & Watts, 2003]. Twenty-nine 
passenger car tyres, four van tyres and eleven truck tyres together with seven road 
surfaces were selected for the study. These surfaces included the ISO 10844 reference 
surface as well as those that might typically be found on high-speed roads.  
 
Fig. 59 shows the results for the classification of passenger car tyres (PC-XX) compared 
to classification of the same tyres on an HRA (hot rolled asphalt) surface. Table 8 lists the 
correlation coefficients for CPX noise levels on the ISO surface and on SMA surfaces with 
all other surfaces, as tested at 80 km/h. 
 
The authors of the TRL study concluded that: 
    
• The study has examined the performance of the standard ISO test surface in relation 

to other road surfaces. The data shows clearly that the rank ordering of passenger 
car tyres operated on the standard type approval surface is different from most other 
surfaces studied. Clearly, coast-by noise levels on the ISO 10844 surface are not 
necessarily good predictors of coast-by noise levels on other surfaces. In contrast, 
noise levels generated in close proximity to the SMA surface are significantly corre-
lated with levels measured on all other surfaces tested except the ISO surface. 
 

• The use of a surface such as SMA, or similar, which is in widespread use should be 
considered for inclusion as a standard test surface in future revisions of the tyre noise 
directive and for the vehicle noise regulation UN-ECE R51.02. From the data 
collected in this study such a surface is more representative in terms of noise 
generation properties. 
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Fig. 59.  Comparison of coast-by noise levels at 80 km/h on ISO and HRA surfaces for 23 
car tyre sets [Abbott & Watts, 2003]. 
 
 
 
Table 8.  Correlation coefficients for CPX noise levels on the ISO surface and SMA 
surfaces with all other surfaces tested at 80 km/h [Abbott & Watts, 2003]. 
 

Correlation (r) between noise levels on surfaces Road or test track surface 
With ISO surface With SMA surface 

ISO 10844 -- 0.38 
MARS-6 (semi-porous) 0.91** 0.52* 
Colsoft (thin layer with some rubber) 0.70** 0.76** 
Brushed concrete 0.50 0.84** 
MARS-14 (semi-porous) 0.41 0.86** 
SMA (stone mastic asphalt) 0.38 -- 
HRA (hot rolled asphalt) -0.07 0.85** 

*significant at 1% level, ** significant at 0.1% level. 
 
 
The study by M+P mentioned earlier [Roovers, 2003], included also a study of the relation 
between noise levels measured on the ISO surface and the same type of measurements 
on a double-layer porous asphalt concrete (DPAC)19, for the 23 car tyres included in the 
study. 
 
The results are shown in Fig. 60. The difference between the most noisy and least noisy 
tyre on the ISO asphalt was found to be 4.4 dB(A); on the DPAC this difference was 2.9 
dB(A); measured with the coast-by method specified in the Directive 2001/43/EC.  
 
                                                        
19 Unfortunately, there are no more details regarding the DPAC, such as the chipping sizes and thickness 
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Fig. 60. Coast-by noise level at a speed of 80 km/h on an ISO asphalt surface versus 
corresponding level on the double-layer porous asphalt surface. The dotted line repre-
sents a 1.00 slope of a line through the measuring points, which is drawn to illustrate the 
deviation of the measured data from an ideal 1.00 slope. 
 
 
The noise emission of a couple of the noisier tyres on the ISO surface seems to be 
reduced substantially on the DPAC. This is probably not by chance; it is probably due to 
either an unusually high air pumping contribution on the smooth and dense ISO surface 
which is effectively reduced by the porous surface, or by a perfect fit between the peak in 
the frequency spectra of these tyres on the ISO surface and the frequency of maximum 
sound absorption of the DPAC. It illustrates that different generation and propagation 
mechanisms on different surfaces may more or less favour certain tyres. 
 
A somewhat similar and partly related study was made by SINTEF in Norway [Berge et al, 
2005]. As part of a larger study they compared the noise ranking of their 20 tested tyres 
on an ISO surface with the ranking on the other tested surfaces. They found that the 
quietest and the noisiest tyres were ranked in the same way on most of the surfaces, but 
for tyres in the medium range the ranking changed substantially depending on surface 
type. Examples of correlations obtained are shown in Figs. 61-62. 
 
One may conclude from the study by SINTEF that the ISO surface is not representative of 
what happens with tyre noise on an SMA surface with medium or large chippings; i.e. the 
type of surface that dominates in the Nordic countries and some other European 
countries. However, the correlation with a porous surface seems to be good. It was 
concluded that reductions of tyre noise limits on an ISO surface will not necessarily give 
the same benefit on the rougher surfaces included in this investigation. 
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Fig. 61.  Correlation between levels on ISO 10844 and SMA 0/11 [Berge et al, 2005]. 
 
 

 
 
Fig. 62.  Correlation between tyre ranking on an ISO 10844 surface and a double-layer 
porous asphalt, designated "2LPA" [Berge et al, 2005]. 
 
 
In Austria, it was found that the ranking of tyres at large was preserved when comparing 
ranking based on measurements on an ISO surface with rankings based on 
measurements on common Austrian road surfaces [Haider et al, 2004]. Reversals in 
ranking occurred for tyres with rather similar sound levels, but this is natural, and it in fact 
occurred also when comparing results on different ISO surfaces. 
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TRL Limited made new measurements of the noise levels on an ISO surface and an SMA 
surface recently [Watts et al, 2005]. These results, see Fig. 63, indicated an improved 
correlation when the SMA surface had smaller chippings. The tested SMA 0/10 surface in 
the latest experiment had chippings which are only a little larger than those of an ISO 
surface. 
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Fig. 63.  Correlation between tyre noise level on an ISO 10844 surface versus two SMA 
surfaces. Measurements in 2001 were made on an SMA 0/14 (upper data set) but in 2005 
on an SMA 0/10 (lower data set) [Watts et al, 2005]. The upper data set is the same as 
that used in Fig. 59. 
 
 
In a Dutch study to predict the influence on road traffic noise of two tyre noise regulation 
scenarios, the choice of reference surface was discussed [van Blokland et al, 1996]. It 
was found that the spread in noise levels between tyres in a certain test tyre sample 
varied as shown in Table 9. The same situation applies to both light and heavy vehicle 
tyres. For example, the standard deviation was found to be about 1.5 dB(A) for car tyres 
(of similar widths) on an ISO surface, 1.8 dB(A) for truck rib-patterned tyres and 2.3 dB(A) 
for truck block-patterned tyres. 
 
This information must be utilized when one attempts to calculate the effect on Leq levels 
of traffic noise when reducing tyre noise based on measurements on ISO surfaces. The 
range is compressed on other surfaces than ISO and similar smooth-textured ones. This 
was also made in the Dutch study (see further Chapter 4). 
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Table 9.  The spread between tyre brands/types as it varies due to the test surface. The 
spread between tyres is expressed as standard deviation around the average for the tyre 
category. In this table the standard deviation is normalised to 1.00 for ISO surfaces and 
the other values show how large the deviation is on other surfaces in relation to the ISO 
surface. Table adapted from [van Blokland et al, 1996]. 
 
Surface type Relative standard deviation 

between tyres [dB(A)] 
Notes 

ISO and other smooth surfaces 1.00 (reference) Urban low-noise surfaces 

Medium-textured surfaces 0.86 On the majority of urban roads 

Coarse-textured surfaces 0.69 On most high-speed roads 

Porous surfaces 0.53  
 
 
 
 
16.3 The need for an additional ISO surface 

Both the TRL and the SINTEF studies have demonstrated rather clearly that the ISO 
10844 surface is not satisfactory for regulating noise levels from tyres on common road 
surfaces such as SMA and HRA surfaces with medium or large size chippings (say from 
11 mm maximum chipping size). It is very inefficient for that purpose. The ISO surface has 
its merits for representing low noise road surfaces such as surfaces having a texture 
similar to that of the ISO surface and of porous surfaces (as demonstrated by both M+P 
and SINTEF), but it needs a supplementary surface such as an SMA with (say) maximum 
14 mm chippings. 
 
 
 
16.4 Some ongoing work  

An ISO group (ISO/TC 43/SC 1/WG42tt) currently has the task to revise ISO 10844. As a 
background for this, a Round Robin Test (RRT) using four tyres tested on nine surfaces 
was conducted in 2005. When this is written the results were not yet publicly available. It 
is not known whether more experiments are planned to follow in 2006. 
 
An alternative or supplement test surface with the aim of a more realistic tyre excitation for 
tyre noise testing will be developed in a national German project started in 2004. An 
ISO10844 surface (AC 0/8) and a stone mastic asphalt (SMA 0/8) in parallel will be built 
and tested in co-operation between BASt, FAT20 and WdK21. The surfaces are under 
construction in Michelstadt, Germany, on an airfield which currently is used as testing 
ground for vehicles and tyres. Comparison tests will be carried out for passenger car and 
truck tyres. Results are expected to be available in 2006. 
 
 
 
                                                        
20 German Association for Research on Automobile-Technique 
21 Wirtschaftsverband der deutschen Kautschukindustrie e.V. 
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17 Need for new or supplementary data 

Figs. 15-16 provide a good illustration of where data is missing. This review has identified 
the following lack of data: 
 

• Much more data on the noise emission of C2 tyres are needed. This is the most 
serious lack of data 

 
• More data on the noise emission of very narrow (135 and 145 and 155 mm) car 

tyres are needed 
 

• More data on the noise emission of very wide (235 mm and higher) car tyres are 
needed 

 
• The problem of super-single heavy truck tyres shall be studied further 

 
• Determine the real effect of tyre width by systematic rather than statistical studies; 

excluding the probable effect of 92/97/EC 
 

• Try to isolate the effect of speed category from other factors and quantify the 
possible influence by this parameter 
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18 Conclusions 

The following is a compilation of conclusions from the individual chapters. 
 
Noise emissions from road traffic sources have been reduced only to a small extent and 
only for power unit noise, whereas no improvements are seen for tyre/road noise over the 
latest decades. The almost desperate needs for substantial noise reductions in society 
sometimes expressed by governments have no chance to come true unless more efficient 
tyre/road noise reductions take place.  
 
From the present situation one can conclude that already today there are much stricter car 
tyre noise limits indirectly imposed by Directive 92/97/EEC than that of Directive 
2001/43/EC; especially for OE tyres wider than 150-170 mm. In fact, it seems that 
Directive 2001/43/EC more or less can be neglected in comparison to 92/97/EC, the latter 
of which has been in force already for almost a decade. 
 
Thus, it seems that there is immediately a technical potential for reducing the tyre noise 
limit values to a performance corresponding to that which OE tyres on new vehicles during 
type approval have to meet. This technical potential is substantial, amounting to 2 -7 dB(A) 
depending on tyre width (near the lower end of the range at narrow widths and near the 
higher end at larger widths) and what the actual tyre/road noise targets are for OE tyres 
related to 92/97/EC testing. 
 
The different studies reviewed in this report are quite consistent in their results, wherever 
the results are comparable, with regard to noise levels of existing tyres and the possible 
conflicts with safety and rolling resistance. Identified lacks of data include data for tyres for 
vans and small trucks (C2 tyres) and also for very wide tyres. 
 
The range between the noisiest and the quietest car tyres; including all tested widths, is 
about 10 dB(A) on an ISO surface, provided that one includes a few hundred tyres in the 
analysis. If one looks only at a single dimension or exchangeable dimensions (section 
width), the range is approximately 6-8 dB. For truck tyres, the range is about 10 dB(A) 
between the noisiest and the quietest tyres.  This suggests that even with current tyre 
technology there is a great potential for noise reduction simply by selection of appropriate 
tyres. 
 
The average car tyre within each width class has a margin to the limit of 4-6 dB(A); 
relatively very few tyres are closer to the limit than 2 dB(A). The quietest tyres are 8-9 
dB(A) below the limit. For truck tyres the margin from the average tyre to the limit is 
approximately 6 dB; very few tyres are closer to the limit than 2 dB(A). The quietest truck 
tyres are 9-10 dB(A) below the limit. 
 
The noise emission of retreaded tyres is similar to that of new tyres, except for the heavy 
vehicle tyres, for which the tested retreaded tyres were 2-4 dB(A) noisier than new tyres. 
However, this is not considered to be a general disadvantage of the retreading tech-
nology; it is rather due to a poor selection of (probably) unmodern tread moulds for these 
tyres. 
 
There is a big difference in the width influence on noise measured on tyres from the 
1980's (which probably were designed in the 1970's), through tyres of the late 1980's and 
early 1990's until the tyres measured around year 2000. The width influence was originally 
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very prominent but has diminished to become insignificant in recent years; with a few 
exceptions: for very narrow tyres, for very wide tyres and when testing on other surfaces 
than the ISO surface. Within the width range of the majority of cars, width does not appear 
to be a significant parameter for noise any more. It is only when tyres become 
exceptionally wide that noise appears to increase substantially. For truck tyres, it still 
seems justified to distinguish between the normal and snow classes. 
 
With regard to possible conflicts in the requirements for noise, safety and rolling 
resistance, the following conclusions are drawn: 
 
• Although several design properties of tyres seem to be in conflict when designing for 

noise reduction by conventional pattern and rubber changes, no significant conflicts 
have been detected on market tyres in practice.  

• None of the reviewed studies could detect a significant conflict between requirements 
for low noise and wet road braking or aquaplaning performance. One of them, based 
on a very small sample seemed to indicate such a conflict but when studying the data 
from another perspective it turned out that the assumed conflict could be explained by 
a tyre width influence. 

• None of the reviewed studies could detect a significant conflict between requirements 
for low noise and low rolling resistance. 

• It follows that the limits with regard to skid resistance and rolling resistance which are 
planned for introduction within the near future cannot be justified from the point of 
view of noise; i.e., there is no reason to expect that the noise limits will mean that 
tyres with inferior performance concerning skid and rolling resistance will come into 
the market. Nevertheless, there may of course be other reasons for such limits, but 
this is not the subject of this report. 

• Several low noise tyres that also meet high standards in other respects than noise, 
such as safety and rolling resistance, are available. 

• The key point according to the industry is advanced technology: advanced technology 
will provide better performance for multiple parameters simultaneously. It will widen 
the area of the polar diagram of Fig. 26, not just pull out one of the items. 

 
Unfortunately, it seems that fashion and styling concepts such as plus-sizing largely 
influence the tyre market as well as tyre design nowadays. Since it seems that fashion (in 
visual appearance of tyres) is in some conflict with low noise design principles, there 
should logically be a potential for better acoustical characteristics of tyres if visual 
appearance would not have an influence on tread pattern design. Plus-sizing is also in 
conflict with low noise characteristics, as it is with safety and economy. One way to 
counteract the plus-sizing trend is to make noise limits independent of tyre width (possibly 
with exception of extremely wide tyres). 
 
The tyre industry seems to accept that 1-2 dB(A) lower noise levels can be achieved with 
today's technology, but a technological break-through is required if they have to manage a 
noise reduction of more than 3 dB(A) for all the tyre categories. 
 
Independent research organizations estimate the potential for tyre noise reduction by 
measures on the tyres using existing technology as 4-6 dB(A). 
 
In the long term perspective (perhaps a decade), there are a number of promising 
concepts for low noise tyres or tyre/wheel units using new technology. Some of them may 
provide a breakthrough which will give substantially lower tyre/road noise in the future. 
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There is one formal proposal for lower tyre noise limits, namely from the German Federal 
Environmental Agency (UBA). The proposal is summarized as follows: 
 
• Proposed reductions versus the limit values of the Directive amount to 1 to 5 dB(A) 

for passenger car tyres and 5 to 6 dB(A) for tyres for commercial vehicles. 
• Furthermore, the UBA is proposing that ambitious limit values for rolling resistance 

should be introduced as soon as possible.  
• For the sake of better consumer information, all tyres should be labelled with the type-

approval values for tyre-rolling noise and rolling resistance.  
• Retreaded tyres should be included in the scope of the Directive, at least for 

commercial vehicle tyres because of their remarkable share of about 50% on the 
market. 

 
A proposal from TRL Limited put forward in a recent report outlines new limits in a couple 
of steps that finally arrives at approximately the same levels as the UBA proposal for car 
tyres. 
 
Due to developments in road surface construction and use, the ISO 10844 surface can 
nowadays be considered as reasonably appropriate for testing of tyre/road noise 
according to the Directive 2001/43/EC, representing surfaces used on low- or medium-
speed streets in urban areas, especially if they are optimized for low noise. The ISO 
surface generally gives a somewhat lower noise level than most surfaces subject to 
normal traffic. 
 
However, it has been consistently demonstrated that the ISO surface does not represent 
the ranking of tyres on more rough-textured surfaces such as exist on some urban streets 
and most high-speed highways. The present smooth ISO surface is suitable for optimizing 
tread patterns but less suitable for determining appropriate measures related to vibration 
excitations from road textures. In general, low-speed roads tend to have lower textures 
where tread patterns are important while high-speed roads tend to have rougher textures. 
Consequently, it is very important that a second ISO surface is specified which has a 
significantly rougher texture than the present one. Otherwise, tyres will be sub-optimized 
only for low- or medium-speed streets in urban areas. 
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19 Recommendations 

This report clearly shows that there is a technical potential which is considerably higher 
than the reduction of limits considered in the further steps foreseen in the Directive 
2001/43/EC. Already the Directive 92/97/EC, which has been in force for almost 10 years, 
puts much stricter noise requirements on car OE tyres than the 2001/43/EC. Except for 
very few tyres, all tyres tested in studies reviewed here already meet the limits of 
2001/43/EC even after the last steps foreseen in the Directive. Therefore, it is 
recommended to lower the limiting values as soon as is possible from an administrative 
point of view. 
 
Nothing in this report, except perhaps the views of tyre manufacturers, indicates that the 
UBA or the TRL proposals are unrealistic or unbalanced. On the contrary, both the UBA 
and the rather similar TRL proposals seem to well represent a balanced approach for new 
limit values, bearing in mind the various results of this report. Consequently, it is 
recommended to use the UBA and TRL proposals in all their details as a basis for the 
decision on future limits. It is also recommended that not only OE tyres but also 
replacement and retreaded tyres shall meet such noise limits. 
 
It is recommended that the existing ISO 10844 surface is supplemented with one that is 
much more rough-textured and which can represent road surfaces on high-speed roads 
and some urban streets that use rough-textured surfaces. 
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B.1 Overall noise reduction following a 5 dB(A) reduction of  
tyre/road noise of cars 

road category no of 
lanes ADT percent 

LDV
percent 

HDV road surface day evening night
Lden 24 h 

un-
weighted

Lden 24 h 
weighted day evening night Lden 24 h 

unweighted
Lden 24 h 
weighted

stone mastic asphalt 0/11 -1.2 -1.7 -1.7 -1.3 -1.5 58.9 57.6 51.6 57.2 60.7
hot rolled asphalt -1.6 -2.2 -2.3 -1.8 -2.0 59.3 58.2 52.2 57.7 61.2
stone mastic asphalt 0/6 -0.9 -1.3 -1.3 -1.0 -1.1 58.6 57.3 51.2 56.9 60.3

stone mastic asphalt 0/11 -0.7 -1.3 -1.4 -0.9 -1.1 61.0 58.8 52.6 59.1 62.1
hot rolled asphalt -1.1 -1.8 -1.9 -1.2 -1.6 61.3 59.2 53.1 59.5 62.6
stone mastic asphalt 0/6 -0.5 -1.0 -1.0 -0.6 -0.8 60.8 58.5 52.3 58.9 61.9

stone mastic asphalt 0/11 -1.9 -2.5 -2.5 -2.0 -2.3 59.1 58.1 52.1 57.6 61.1
hot rolled asphalt -2.3 -3.0 -3.0 -2.5 -2.8 59.8 59.0 53.1 58.3 62.0
stone mastic asphalt 0/6 -1.4 -1.9 -2.0 -1.6 -1.8 58.6 57.5 51.4 57.0 60.5

stone mastic asphalt 0/11 -1.2 -2.0 -2.1 -1.5 -1.8 61.0 59.1 53.0 59.2 62.4
hot rolled asphalt -1.7 -2.5 -2.6 -1.9 -2.3 61.6 59.8 53.8 59.8 63.1
stone mastic asphalt 0/6 -0.9 -1.6 -1.6 -1.1 -1.4 60.6 58.5 52.4 58.7 61.8

stone mastic asphalt 0/11 -1.4 -2.1 -2.7 -1.7 -2.2 71.8 70.2 64.4 70.1 73.5
hot rolled asphalt -1.9 -2.6 -3.2 -2.2 -2.6 72.4 71.0 65.4 70.7 74.3
stone mastic asphalt 0/6 -1.1 -1.6 -2.2 -1.3 -1.7 71.3 69.6 63.6 69.6 72.8

stone mastic asphalt 0/11 -1.0 -1.7 -2.3 -1.2 -1.7 73.5 71.2 65.1 71.6 74.6
hot rolled asphalt -1.3 -2.2 -2.8 -1.6 -2.2 74.0 71.8 66.0 72.1 75.3
stone mastic asphalt 0/6 -0.7 -1.3 -1.8 -0.9 -1.3 73.2 70.6 64.3 71.2 74.1

stone mastic asphalt 0/11 -2.5 -3.2 -3.5 -2.8 -3.2 72.0 70.8 66.7 70.6 74.7
hot rolled asphalt -2.9 -3.6 -3.8 -3.2 -3.6 73.0 72.0 68.0 71.7 75.9
stone mastic asphalt 0/6 -2.1 -2.7 -3.0 -2.3 -2.7 70.9 69.6 65.2 69.4 73.4

stone mastic asphalt 0/11 -2.0 -2.8 -3.2 -2.3 -2.8 73.3 71.4 67.1 71.7 75.5
hot rolled asphalt -2.3 -3.2 -3.6 -2.7 -3.2 74.2 72.5 68.3 72.6 76.6
stone mastic asphalt 0/6 -1.5 -2.3 -2.8 -1.8 -2.3 72.3 70.3 65.7 70.6 74.2

stone mastic asphalt 0/11 -2.5 -3.3 -3.3 -2.7 -3.1 68.5 67.5 61.6 67.0 70.5
hot rolled asphalt -2.9 -3.6 -3.7 -3.1 -3.4 69.5 68.7 62.8 68.0 71.7
stone mastic asphalt 0/6 -2.0 -2.7 -2.8 -2.3 -2.6 67.4 66.3 60.3 65.8 69.3

stone mastic asphalt 0/11 -1.9 -2.9 -3.0 -2.2 -2.6 69.9 68.2 62.1 68.1 71.4
hot rolled asphalt -2.3 -3.2 -3.3 -2.5 -3.0 70.8 69.3 63.3 69.1 72.4
stone mastic asphalt 0/6 -1.5 -2.4 -2.5 -1.7 -2.1 68.9 67.0 60.9 67.1 70.3

stone mastic asphalt 0/11 -2.9 -3.5 -3.6 -3.1 -3.4 70.4 69.9 63.9 69.0 72.8
hot rolled asphalt -3.2 -3.8 -3.8 -3.4 -3.7 71.5 71.1 65.2 70.2 74.0
stone mastic asphalt 0/6 -2.4 -3.0 -3.0 -2.6 -2.9 69.0 68.3 62.4 67.5 71.2

stone mastic asphalt 0/11 -2.4 -3.2 -3.3 -2.6 -3.0 71.5 70.3 64.3 69.9 73.4
hot rolled asphalt -2.7 -3.5 -3.6 -2.9 -3.3 72.5 71.4 65.5 70.9 74.5
stone mastic asphalt 0/6 -1.9 -2.7 -2.8 -2.2 -2.5 70.1 68.8 62.8 68.4 71.9

stone mastic asphalt 0/11 -1.7 -2.5 -2.0 -1.9 -2.0 79.6 78.1 72.5 77.9 81.4
hot rolled asphalt -1.9 -2.7 -2.3 -2.1 -2.3 80.6 79.1 73.5 78.9 82.4
stone mastic asphalt 0/6 -1.4 -2.0 -1.6 -1.5 -1.6 78.0 76.5 70.9 76.3 79.8

stone mastic asphalt 0/11 -1.1 -1.9 -1.4 -1.3 -1.5 81.0 79.0 73.7 79.2 82.6
hot rolled asphalt -1.3 -2.2 -1.7 -1.5 -1.7 81.9 79.9 74.7 80.2 83.6
stone mastic asphalt 0/6 -0.9 -1.6 -1.2 -1.0 -1.2 79.4 77.4 72.1 77.6 81.0

stone mastic asphalt 0/11 -1.8 -2.6 -2.2 -2.0 -2.2 79.9 78.7 72.9 78.3 81.9
hot rolled asphalt -2.1 -2.9 -2.4 -2.3 -2.4 80.9 79.7 73.9 79.3 82.9
stone mastic asphalt 0/6 -1.5 -2.1 -1.7 -1.6 -1.8 78.3 77.1 71.3 76.7 80.3

stone mastic asphalt 0/11 -1.3 -2.1 -1.6 -1.5 -1.6 81.2 79.4 74.0 79.5 82.9
hot rolled asphalt -1.5 -2.3 -1.8 -1.7 -1.8 82.1 80.3 75.0 80.4 83.9
stone mastic asphalt 0/6 -1.0 -1.7 -1.3 -1.2 -1.3 79.6 77.8 72.4 77.9 81.3

L_eq in dB(A)Delta-L_eq in dB(A)Rolling noise levels of cars - 5 dB(A)

residential streets, 
speed limit 30 km/h, 

HDV 2%
2 3000 4% 2%

5%

residential streets, 
speed limit 50 km/h, 

HDV 2%
2 3000 4% 2%

residential streets, 
speed limit 30 km/h, 

HDV 5%
2 3000 4%

5%

urban, main streets, 
speed limit 50 km/h, 

traffic lights, HDV 
4 40000 4% 3%

residential streets, 
speed limit 50 km/h, 

HDV 5%
2 3000 4%

6%

urban, main streets, 
speed limit 60/70 
km/h, HDV 3%

4 40000 4% 3%

urban, main streets, 
speed limit 50 km/h, 

traffic lights, HDV 
4 40000 4%

6%

rural, speed limit 70 
km/h, HDV 3% 2 15000 4% 3%

urban, main streets, 
speed limit 60/70 
km/h, HDV 6%

4 40000 4%

6%

rural, speed limit 100 
km/h, HDV 3% 2 15000 4% 3%

rural, speed limit 70 
km/h, HDV 6% 2 15000 4%

6%

motorway, speed 
limit 100 km/h, HDV 

15%
4 40000 4% 15%

rural, speed limit 100 
km/h, HDV 6% 2 15000 4%

25%

motorway, speed 
limit 120 km/h, HDV 

15%
4 40000 4% 15%

motorway, speed 
limit 100 km/h, HDV 

25%
4 40000 4%

25%
motorway, speed 

limit 120 km/h, HDV 
25%

4 40000 4%
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B.2 Overall noise reduction following a 5 dB(A) reduction of  
tyre/road noise of all vehicles 

road category no of 
lanes ADT percent 

LDV
percent 

HDV road surface day evening night
Lden 24 h 

un-
weighted

Lden 24 h 
weighted day evening night Lden 24 h 

unweighted
Lden 24 h 
weighted

stone mastic asphalt 0/11 -1.3 -1.7 -1.8 -1.4 -1.6 58.7 57.5 51.5 57.1 60.6
hot rolled asphalt -1.8 -2.3 -2.4 -2.0 -2.2 59.1 58.1 52.1 57.6 61.1
stone mastic asphalt 0/6 -1.0 -1.3 -1.4 -1.1 -1.2 58.5 57.2 51.1 56.8 60.3

stone mastic asphalt 0/11 -0.9 -1.4 -1.5 -1.0 -1.2 60.8 58.6 52.5 59.0 62.0
hot rolled asphalt -1.3 -1.9 -2.0 -1.4 -1.7 61.1 59.1 53.0 59.3 62.4
stone mastic asphalt 0/6 -0.6 -1.0 -1.1 -0.7 -0.9 60.7 58.4 52.3 58.8 61.8

stone mastic asphalt 0/11 -2.1 -2.6 -2.7 -2.3 -2.5 58.8 58.0 52.0 57.3 60.9
hot rolled asphalt -2.7 -3.2 -3.2 -2.8 -3.0 59.5 58.9 52.9 58.1 61.8
stone mastic asphalt 0/6 -1.6 -2.1 -2.1 -1.8 -1.9 58.4 57.3 51.3 56.8 60.3

stone mastic asphalt 0/11 -1.6 -2.2 -2.3 -1.8 -2.1 60.6 58.8 52.8 58.9 62.1
hot rolled asphalt -2.1 -2.8 -2.9 -2.3 -2.6 61.1 59.6 53.5 59.4 62.7
stone mastic asphalt 0/6 -1.2 -1.7 -1.8 -1.3 -1.6 60.3 58.3 52.2 58.5 61.6

stone mastic asphalt 0/11 -1.7 -2.3 -2.9 -2.0 -2.4 71.5 70.0 64.2 69.8 73.2
hot rolled asphalt -2.3 -2.9 -3.4 -2.5 -2.9 72.0 70.8 65.1 70.4 74.0
stone mastic asphalt 0/6 -1.3 -1.8 -2.3 -1.5 -1.8 71.1 69.5 63.4 69.4 72.6

stone mastic asphalt 0/11 -1.3 -2.0 -2.6 -1.5 -2.0 73.2 70.9 64.8 71.3 74.3
hot rolled asphalt -1.7 -2.5 -3.2 -2.0 -2.5 73.6 71.5 65.6 71.7 74.9
stone mastic asphalt 0/6 -0.9 -1.5 -2.1 -1.1 -1.5 72.9 70.5 64.1 71.0 73.8

stone mastic asphalt 0/11 -3.2 -3.6 -3.9 -3.4 -3.6 71.3 70.5 66.4 70.0 74.3
hot rolled asphalt -3.6 -4.0 -4.2 -3.8 -4.0 72.3 71.6 67.6 71.1 75.5
stone mastic asphalt 0/6 -2.6 -3.0 -3.3 -2.8 -3.1 70.4 69.3 64.9 69.0 73.1

stone mastic asphalt 0/11 -2.8 -3.3 -3.8 -3.0 -3.4 72.4 70.9 66.6 70.9 74.8
hot rolled asphalt -3.3 -3.8 -4.1 -3.5 -3.8 73.3 72.0 67.8 71.8 75.9
stone mastic asphalt 0/6 -2.2 -2.7 -3.2 -2.4 -2.8 71.6 69.9 65.2 70.0 73.7

stone mastic asphalt 0/11 -3.2 -3.6 -3.7 -3.3 -3.5 67.8 67.2 61.2 66.4 70.1
hot rolled asphalt -3.6 -4.0 -4.0 -3.8 -3.9 68.8 68.4 62.4 67.4 71.2
stone mastic asphalt 0/6 -2.6 -3.1 -3.1 -2.7 -2.9 66.8 65.9 60.0 65.3 68.9

stone mastic asphalt 0/11 -2.8 -3.4 -3.5 -3.0 -3.2 68.9 67.6 61.7 67.3 70.7
hot rolled asphalt -3.3 -3.8 -3.8 -3.4 -3.7 69.8 68.7 62.8 68.2 71.7
stone mastic asphalt 0/6 -2.2 -2.8 -2.9 -2.4 -2.6 68.1 66.5 60.5 66.4 69.7

stone mastic asphalt 0/11 -3.7 -3.9 -3.9 -3.7 -3.8 69.7 69.5 63.6 68.4 72.3
hot rolled asphalt -4.0 -4.2 -4.2 -4.1 -4.1 70.8 70.7 64.8 69.5 73.5
stone mastic asphalt 0/6 -3.0 -3.3 -3.3 -3.1 -3.2 68.3 68.0 62.1 67.0 70.8

stone mastic asphalt 0/11 -3.4 -3.8 -3.8 -3.6 -3.7 70.4 69.7 63.8 68.9 72.7
hot rolled asphalt -3.8 -4.1 -4.1 -3.9 -4.0 71.4 70.9 65.0 70.0 73.8
stone mastic asphalt 0/6 -2.8 -3.2 -3.2 -2.9 -3.1 69.2 68.3 62.3 67.7 71.3

stone mastic asphalt 0/11 -3.6 -3.7 -3.6 -3.6 -3.6 77.7 76.9 70.9 76.2 79.8
hot rolled asphalt -3.9 -4.0 -3.9 -3.9 -3.9 78.6 77.9 71.8 77.1 80.8
stone mastic asphalt 0/6 -2.9 -3.1 -3.0 -3.0 -3.0 76.4 75.5 69.5 74.9 78.5

stone mastic asphalt 0/11 -3.5 -3.6 -3.5 -3.5 -3.5 78.6 77.3 71.6 77.0 80.5
hot rolled asphalt -3.8 -3.9 -3.8 -3.8 -3.8 79.4 78.2 72.5 77.8 81.4
stone mastic asphalt 0/6 -2.9 -3.0 -2.9 -2.9 -2.9 77.4 75.9 70.4 75.8 79.3

stone mastic asphalt 0/11 -3.6 -3.7 -3.6 -3.6 -3.6 78.2 77.6 71.5 76.8 80.4
hot rolled asphalt -3.9 -4.0 -3.9 -3.9 -3.9 79.1 78.6 72.4 77.7 81.4
stone mastic asphalt 0/6 -2.9 -3.0 -3.0 -3.0 -3.0 76.9 76.1 70.1 75.4 79.0

stone mastic asphalt 0/11 -3.5 -3.6 -3.5 -3.5 -3.5 79.0 77.8 72.1 77.4 81.0
hot rolled asphalt -3.8 -3.9 -3.8 -3.8 -3.8 79.8 78.8 73.0 78.3 81.9
stone mastic asphalt 0/6 -2.9 -3.0 -2.9 -2.9 -2.9 77.8 76.5 70.8 76.2 79.7

25%
motorway, speed 

limit 120 km/h, HDV 
25%

4 40000 4%

25%

motorway, speed 
limit 120 km/h, HDV 

15%
4 40000 4% 15%

motorway, speed 
limit 100 km/h, HDV 

25%
4 40000 4%

6%

motorway, speed 
limit 100 km/h, HDV 

15%
4 40000 4% 15%

rural, speed limit 100 
km/h, HDV 6% 2 15000 4%

6%

rural, speed limit 100 
km/h, HDV 3% 2 15000 4% 3%

rural, speed limit 70 
km/h, HDV 6% 2 15000 4%

6%

rural, speed limit 70 
km/h, HDV 3% 2 15000 4% 3%

urban, main streets, 
speed limit 60/70 
km/h, HDV 6%

4 40000 4%

6%

urban, main streets, 
speed limit 60/70 
km/h, HDV 3%

4 40000 4% 3%

urban, main streets, 
speed limit 50 km/h, 

traffic lights, HDV 
4 40000 4%

5%

urban, main streets, 
speed limit 50 km/h, 

traffic lights, HDV 
4 40000 4% 3%

residential streets, 
speed limit 50 km/h, 

HDV 5%
2 3000 4%

5%

residential streets, 
speed limit 50 km/h, 

HDV 2%
2 3000 4% 2%

residential streets, 
speed limit 30 km/h, 

HDV 5%
2 3000 4%

L_eq in dB(A)Delta-L_eq in dB(A)Rolling noise levels of all vehicles - 5 dB(A)

residential streets, 
speed limit 30 km/h, 

HDV 2%
2 3000 4% 2%
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B.3 Overall noise reduction following a 5 dB(A) reduction for 
cars and light duty vehicles and a propulsion noise 
reduction of 5 dB(A) for heavy duty vehicles 

road category no of 
lanes ADT percent 

LDV
percent 

HDV road surface day evening night
Lden 24 h 

un-
weighted

Lden 24 h 
weighted day evening night Lden 24 h 

unweighted
Lden 24 h 
weighted

stone mastic asphalt 0/11 -2.6 -2.3 -2.3 -2.5 -2.4 57.4 56.9 51.0 56.0 59.8
hot rolled asphalt -2.9 -2.8 -2.8 -2.9 -2.9 58.0 57.6 51.6 56.6 60.4
stone mastic asphalt 0/6 -2.4 -2.0 -2.0 -2.3 -2.1 57.0 56.5 50.5 55.6 59.4

stone mastic asphalt 0/11 -3.1 -2.7 -2.6 -3.0 -2.8 58.6 57.4 51.4 57.0 60.4
hot rolled asphalt -3.3 -3.0 -3.0 -3.2 -3.1 59.1 58.0 52.0 57.5 61.0
stone mastic asphalt 0/6 -3.1 -2.4 -2.4 -2.9 -2.6 58.2 57.0 51.0 56.6 60.1

stone mastic asphalt 0/11 -3.0 -3.0 -3.0 -3.0 -3.0 57.9 57.6 51.6 56.6 60.4
hot rolled asphalt -3.4 -3.4 -3.5 -3.4 -3.4 58.8 58.6 52.6 57.5 61.4
stone mastic asphalt 0/6 -2.7 -2.5 -2.5 -2.7 -2.6 57.2 56.9 50.9 55.9 59.7

stone mastic asphalt 0/11 -3.2 -3.1 -3.1 -3.2 -3.1 59.0 58.0 52.0 57.5 61.0
hot rolled asphalt -3.4 -3.4 -3.4 -3.4 -3.4 59.8 58.9 53.0 58.3 61.9
stone mastic asphalt 0/6 -3.1 -2.8 -2.7 -3.0 -2.9 58.4 57.3 51.3 56.8 60.3

stone mastic asphalt 0/11 -3.0 -3.0 -3.2 -3.0 -3.1 70.2 69.4 63.8 68.7 72.5
hot rolled asphalt -3.3 -3.4 -3.6 -3.3 -3.5 71.0 70.3 64.9 69.6 73.5
stone mastic asphalt 0/6 -2.8 -2.6 -2.8 -2.8 -2.7 69.6 68.7 62.9 68.1 71.7

stone mastic asphalt 0/11 -3.2 -3.1 -3.2 -3.2 -3.2 71.3 69.8 64.2 69.6 73.1
hot rolled asphalt -3.3 -3.4 -3.6 -3.4 -3.4 72.0 70.7 65.2 70.4 74.0
stone mastic asphalt 0/6 -3.2 -2.8 -2.9 -3.1 -3.0 70.7 69.1 63.3 69.0 72.4

stone mastic asphalt 0/11 -3.4 -3.7 -3.8 -3.5 -3.7 71.1 70.3 66.4 69.8 74.3
hot rolled asphalt -3.7 -4.0 -4.1 -3.8 -4.0 72.3 71.6 67.7 71.1 75.5
stone mastic asphalt 0/6 -3.2 -3.3 -3.4 -3.2 -3.3 69.8 69.0 64.9 68.5 72.8

stone mastic asphalt 0/11 -3.2 -3.6 -3.7 -3.3 -3.5 72.0 70.7 66.7 70.6 74.7
hot rolled asphalt -3.4 -3.8 -3.9 -3.5 -3.8 73.2 71.9 68.0 71.8 76.0
stone mastic asphalt 0/6 -3.1 -3.2 -3.3 -3.1 -3.2 70.8 69.4 65.2 69.3 73.3

stone mastic asphalt 0/11 -3.4 -3.7 -3.7 -3.5 -3.6 67.6 67.1 61.2 66.2 70.0
hot rolled asphalt -3.6 -4.0 -4.0 -3.7 -3.9 68.8 68.4 62.4 67.4 71.2
stone mastic asphalt 0/6 -3.1 -3.3 -3.3 -3.2 -3.2 66.3 65.7 59.8 64.9 68.6

stone mastic asphalt 0/11 -3.1 -3.5 -3.6 -3.2 -3.4 68.7 67.5 61.5 67.1 70.6
hot rolled asphalt -3.3 -3.8 -3.8 -3.4 -3.7 69.8 68.7 62.8 68.2 71.7
stone mastic asphalt 0/6 -3.0 -3.2 -3.2 -3.1 -3.2 67.3 66.1 60.1 65.7 69.2

stone mastic asphalt 0/11 -3.5 -3.8 -3.8 -3.6 -3.7 69.9 69.6 63.7 68.5 72.4
hot rolled asphalt -3.7 -4.1 -4.1 -3.8 -4.0 71.1 70.8 64.9 69.7 73.6
stone mastic asphalt 0/6 -3.1 -3.3 -3.3 -3.2 -3.3 68.3 68.0 62.1 66.9 70.8

stone mastic asphalt 0/11 -3.1 -3.6 -3.7 -3.3 -3.5 70.7 69.9 63.9 69.2 72.9
hot rolled asphalt -3.3 -3.9 -3.9 -3.5 -3.7 71.9 71.1 65.1 70.4 74.0
stone mastic asphalt 0/6 -2.9 -3.2 -3.2 -3.0 -3.1 69.1 68.3 62.3 67.6 71.2

stone mastic asphalt 0/11 -2.2 -2.9 -2.5 -2.4 -2.5 79.0 77.7 72.0 77.4 80.9
hot rolled asphalt -2.4 -3.1 -2.7 -2.6 -2.7 80.1 78.8 73.1 78.5 82.0
stone mastic asphalt 0/6 -2.1 -2.6 -2.3 -2.2 -2.3 77.2 76.0 70.3 75.6 79.2

stone mastic asphalt 0/11 -1.8 -2.4 -2.0 -1.9 -2.0 80.3 78.4 73.2 78.6 82.0
hot rolled asphalt -1.8 -2.6 -2.1 -2.0 -2.2 81.4 79.5 74.2 79.6 83.1
stone mastic asphalt 0/6 -1.8 -2.2 -2.0 -1.9 -2.0 78.5 76.7 71.3 76.8 80.2

stone mastic asphalt 0/11 -2.4 -3.0 -2.6 -2.5 -2.6 79.4 78.3 72.5 77.8 81.4
hot rolled asphalt -2.5 -3.2 -2.8 -2.7 -2.8 80.4 79.3 73.5 78.9 82.5
stone mastic asphalt 0/6 -2.2 -2.6 -2.4 -2.3 -2.4 77.6 76.6 70.7 76.1 79.7

stone mastic asphalt 0/11 -1.9 -2.6 -2.2 -2.0 -2.2 80.6 78.9 73.5 78.9 82.4
hot rolled asphalt -2.0 -2.7 -2.3 -2.2 -2.3 81.6 79.9 74.5 79.9 83.4
stone mastic asphalt 0/6 -1.9 -2.3 -2.0 -2.0 -2.1 78.8 77.1 71.7 77.1 80.6

L_eq in dB(A)Delta-L_eq in dB(A)Rolling noise levels of cars & LDV - 5 dB(A), Propulsion noise levels of HDV -5 

residential streets, 
speed limit 30 km/h, 

HDV 2%
2 3000 4% 2%

5%

residential streets, 
speed limit 50 km/h, 

HDV 2%
2 3000 4% 2%

residential streets, 
speed limit 30 km/h, 

HDV 5%
2 3000 4%

5%

urban, main streets, 
speed limit 50 km/h, 

traffic lights, HDV 
4 40000 4% 3%

residential streets, 
speed limit 50 km/h, 

HDV 5%
2 3000 4%

6%

urban, main streets, 
speed limit 60/70 
km/h, HDV 3%

4 40000 4% 3%

urban, main streets, 
speed limit 50 km/h, 

traffic lights, HDV 
4 40000 4%

6%

rural, speed limit 70 
km/h, HDV 3% 2 15000 4% 3%

urban, main streets, 
speed limit 60/70 
km/h, HDV 6%

4 40000 4%

6%

rural, speed limit 
100 km/h, HDV 3% 2 15000 4% 3%

rural, speed limit 70 
km/h, HDV 6% 2 15000 4%

6%

motorway, speed 
limit 100 km/h, HDV 

15%
4 40000 4% 15%

rural, speed limit 
100 km/h, HDV 6% 2 15000 4%

25%

motorway, speed 
limit 120 km/h, HDV 

15%
4 40000 4% 15%

motorway, speed 
limit 100 km/h, HDV 

25%
4 40000 4%

25%
motorway, speed 

limit 120 km/h, HDV 
25%

4 40000 4%
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Appendix C. Estimating the influence of 
vehicle body design on the test result – A 
theoretical approach 

 
 
 



 FEHRL Report.  
130 Final Report SI2.408210 Tyre/Road Noise – Volume 2 
 

FEHRL 

 
 
 
 
 
 



FEHRL Report  
Final Report SI2.408210 Tyre/Road Noise – Volume 2 131 

 FEHRL 

The model described in the following section assumes that for a single vehicle pass-by 
event the source may be represented as a source line of length D (m) determined from 
the product of the vehicle speed V (ms -1 ) and the averaging time corresponding to FAST 
response used for measuring the maximum pass-by noise level, t = 0.25s.  The acoustic 
power of the source line is W watts/m.  Figure D.1 shows the geometry of the site. 
 
 
 

d

D

r

δx

θ

Receiver

Effective length of source line 
 
D = V. t   (m)   
 
where 
 
V = the vehicle speed (ms-1) 
t = the averaging time = 0.25 s

δx = (r/cos θ) δθ 

Vehicle speed V  

 

Figure C.1: Geometry of site 

The receiver is positioned a distance d from the source line which can be regarded to 
consist of a series of small elements of length δx of source strength Wδx, which are each 
omni-directional and incoherent.  The total intensity received at a distance d from the 
source is given by 
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which assumes cylindrical spreading from the discrete source line δx. 
 
Assuming the maximum sound pressure level, Lmax, occurs when the vehicle is directly 
opposite the receiver at a distance d (m) and converting Equation (C.1) to sound pressure 
levels using logarithmic form, Equation (C.1) can be rewritten as 
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where Iref  is the reference intensity, 10-12 watts m-2  and Wref  is the reference power, 10-12 
watts m-1 and gives 
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1010max  (C.3) 

 
where V = D/t is the speed of the vehicle (ms-1), t = 0.25s the averaging time 
corresponding to FAST response and LW is the sound power level. 
 
Assuming that the dominant noise source is tyre/road noise, the maximum noise level at 
the receiver position is calculated by combining the noise contributions from both the 
farside and nearside set of tyres.  Assuming the sound power level LW from both 
contributions is the same then Equation (C.3) can be used to determine the separate 
contributions from each set of tyres to the overall noise level. 
 
If the distance of separation between the wheel tracks of the vehicle is y (m) and the 
receiver height is h (m) then the combined noise level is given by 

 ( )10/10/
10max 1010log10 NF LLL +=  (C.5) 

where LF and LN are the noise contributions from the farside and nearside tyres, 
respectively. 
 
The contribution to the overall level from the farside set of tyres, ∆Lmax, can therefore be 
calculated from 
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From Equation (C.3), Equation (C.6) can be simplified to give 
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Appendix D. Predicted changes in the 
average roadside noise level resulting from a 
reduction in tyre/road noise of light vehicles 
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In the following graphs the reduction in average noise level on different surfaces due to a 
reduction in the tyre/road noise (mainly tyre/road noise) of light category 1 vehicles is 
predicted using the HARMONOISE source model. The total traffic flow is 1000 vehicles 
per hours. Category 2 vehicles include heavy 2 axle goods vehicles and buses. Category 
3 vehicles include heavy vehicles with more than 2 axles 
 
 
(a) 50 km/h with 3% category 2 and 0.6% category 3 
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(b) 50 km /h with 10% category 2 and 2% category 3 
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Figure D.1: Reductions in LAeq for traffic travelling at an average speed of 50 km/h 
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(a) 55 km /h with 3.4% category 2 and 2.7% category 3 
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(b) 70 km /h with 3.8% category 2 and 6.4% category 3 
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Figure D.2: Reductions in LAeq for traffic travelling at an average speed of 555 and 70 km/h 
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(a) 112 km /h with 4.5% category 2 and 9.1% category 3 (category 3 travelling at 96 km/h) 
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Figure D.3: Reductions in LAeq for traffic travelling at an average speed of 112 km/h and 96 
km/h 
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Appendix E. Test procedures for tyre safety 
and rolling resistance 
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E.1 Safety 

For safety aspects the main problem lies in the braking performance of a car on a wet 
road surface1. A possible, but not checked if suitable, method to measure the wet grip 
performance is described in ISO/DIS 23671 (International Organisation for 
Standardisation, 2005b) which also forms the basis for the discussion in the UN-ECE 
Working Party on Breaks and Running Gear (GRF). In the following a short summary of 
this method is given. 
 
In the draft ISO Standard ISO/DIS 23671 the method for measuring a relative wet grip 
braking performance index to a reference tyre under loaded conditions for new tyres for 
use on passenger cars on a wet-paved surface is specified. The Standard Reference Test 
Tyre (SRTT), which characteristics are defined in ASTM E 1136-93(2003) “Standard 
Specification for A Radial Standard Reference Test Tire”, is chosen as the reference. 
 
The measurements can be carried out by either the vehicle method consisting of braking 
tests with a set of tyres mounted on a suitable standard model of a passenger car having 
an Antilock Braking System (ABS) or braking tests using a trailer or a special tyre test 
vehicle.  
 

• Principle of the vehicle method: Starting with an initial speed above 80 km/h, the 
brakes are applied hard enough to activate the ABS system on all four wheels. 
The average deceleration is calculated between an initial speed of 80 km/h and a 
final speed of 20 km/h.  

 
• Principle of the trailer method: The tyres are mounted on a trailer towed by a 

vehicle. The braking system on the test wheel is applied firmly until sufficient 
braking torque results to produce maximum braking force that will occur prior to 
wheel lookup at a test speed of 65 km/h. 

 
For the test the road surface may be wetted from the track-side or in case of the trailer 
method by a wetting system incorporated in the test vehicle or the trailer. For the whole 
testing area the water depth shall be between 0.5 and 1.5 mm. 
 
Due to the fact that the SRTT has a fixed dimension (195/75 R14) the case can occur that 
it is not possible to compare the test tyre and the reference tyre on the same vehicle. For 
this reason a possible use of a “control tyre” in conjunction with the reference tyre is 
described. Also outlined in the standard is information about the mounting of the test tyre, 
the load applied, the numbers of repeat runs and the tolerances allowable for each of the 
controlled variables. 
 
The test result is the so-called “wetgrip index” which represents the relative wet grip 
performance of the test tyre compared to the reference tyre. The calculation of the index is 
made according to given formulas. 
 

                                                           
1 The stopping distance of a passenger car  from 100 km/h to 0 km/h on a dry road surface amounts to 45m-
50m, on a wet surface 50-70m depending on tyre type (best and worst tyre, one tyre size) . 
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The use of the SRTT as the reference tyre can be seen critical. First, because every 
tested tyre of any dimension is compared to the performance of the SRTT, which includes 
in many cases the complicated use of the above mentioned control tyre. Another point is 
that the SRTT does not represent the state of the art of wet braking performance, which is 
important with regard to possible limit values, which will presumably be related to the wet 
braking performance of the SRTT. 
 
This is one of the results of a test report of the TÜV Automotive GmbH in 2003 
(Reithmaier and Salzinger, 2003). Within the scope of this investigation, the wet grip 
characteristics of more than 300 automobile tyres were measured, which can be seen as 
a representative cross section of the major part of the tyre models available on the 
market. The test results originate from measurements carried out by the TÜV, various tyre 
manufacturers/ETRTO (European Tyre and Rim Technical Organisation) and by various 
professional journals so that the test conditions were not always identical. This was taken 
into account during the data analysis. It was found that 90 % of the tested tyres, 
irrespective of their specifications, have wet braking characteristics that, in comparison to 
the SRTT, were far better than the wet breaking performance of the SRTT (110-140%) 
and besides no one produced a worse result than the SRTT (see Figure E.1). The 
variation of the test values for equal tyres of different dimensions relative to the SRTT was 
rather low with 4 %. 
 
 

 

Figure E.1: Overall view of all results of the tests described by Reithmaier and Salzinger 
(2003). Each column represents one tyre set, its colour and pattern marks the 
relevant dimension and range of use 
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Furthermore, to increase the safety of road users it is not only necessary to be aware of 
good wet braking performance of passenger car tyres but also of truck tyres to achieve a 
decrease of the braking distances of all vehicles on the roads2.  
 
So before possible limit values are established an extension of the ISO standard is 
reasonable to include truck tyres  
 
An important question now is, if a reduction of the noise limits in Directive 2001/43 is 
achievable without compromising safety.  
 
At this point one should look at the results of the measurements which are described 
above. 

E.2 Rolling resistance 

One possible method for measuring the rolling resistance is provided by the ISO 18164 
(International Organisation for Standardisation, 2005a). At the moment this standard is 
available in the first edition from the 1st of June, 2005 and represents a compilation of 
three individual standards (ISO 8767:1992, ISO 9948:1992 and ISO 13327:1998) into a 
consolidated, technically revised single document. 
 
A complexity of rolling resistance measurements is to measure the very small rolling 
resistance forces in the present of the much larger wheel load forces. Due to this a very 
precise test equipment is needed and the test procedure has to carry out very accurate. 
 
The test dynamometer shall have a cylindrical flywheel with a diameter of at least 1.5m for 
passenger car and motorcycle tyres or of at least 1.7 m for truck/bus tyres. The surface of 
the drum shall be smooth steel or textured with a texture depth of 180 µm. For the width of 
the drum the only constraint is that it has to exceed the width of the test tyre tread. The 
test tyre is mounted on a specified test rim and runs on the surface of the powered 
flywheel. Among other things the standard also contains information about the allowed 
ranges for the following test parameters: test speed, normal load, tyre pressure and 
temperature. An example of a rolling resistance measuring machine is given in Figure E.2 
 

                                                           
2 Braking distance of passenger car tyres (various dimensions): 25 – 33m (deceleration from 80 to 10 km/h) 
(International Organisation for Standardisation, 2005a) 
Braking distance of truck tyres (dimension 275/70 R22,5): 106 – 119m (deceleration from 70 to 30 km/h, 
measured with the tyres mounted on a braked trailer pulled by an unbraked tractor) (Penant, 2005) 
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Figure E.2: Two Tyre Rolling Resistance Measuring Machine, Fa. Inmess 

 
All in all four alternative measurement principles are listed in ISO 18164, i.e. the tester has 
the option to measure one of four different parameters from which the rolling resistance 
force, which acts at the tyre/drum interface, can be calculated. In detail these are the 
following methods: 
 

• Force Method: the reaction force measured at the tyre spindle; 
 
• Torque method: the torque input measured at the test drum; 

 
• Power method: the measurement of the input to the test drum; 

 
• Deceleration method: the measurement of deceleration of the test drum and tyre 

assembly. 
 
In addition three different methods are specified to record the so called parasitic losses, 
which refer to loss of energy per unit distance excluding internal tyre loss, and attributable 
to aerodynamic loss of different rotating elements of the test equipment, bearing friction 
and other sources of systematic loss which may be inherent in the measurement. 
 
Furthermore the exact calculation steps to determine the rolling resistance and rolling 
resistance coefficient out of the measured values are given including possibly required 
corrections because of temperature deviations or a different drum diameter. 
 
To achieve suitable levels of repeatable test results, which can also be correlated among 
various test laboratories, limits for the acceptable test equipment tolerances are listed in 
Annex C of the standard. 
 
No conversion formula is given in the ISO document which allows to determine the 
influence of the rolling resistance on the fuel consumption quantitatively. 
 
This short summary of the ISO 18164 reveals a number of degrees of freedom which 
means the measurement can be carried out with several variants. Due to this degrees of 
freedom, for the same tyre measured in compliance with ISO norms, the results may differ 
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by an estimated ±10% (Sandberg and Ejsmont, 2000; Stenschke, 2005).  Therefore more 
stringent specifications in the ISO are necessary to obtain a greater accuracy. This is 
currently investigated by a working group of the ETRTO Technical Committee. In the end 
they hope to get a precision of ±2%. 
 
The consideration of a reduction of the noise limits in Directive 2001/43 now leads to the 
question if this can be done without having negative effects on rolling resistance and thus 
on fuel consumption and exhaust emissions.  
 
At this point one should look again at the measurements, which are mentioned above in 
respect of the safety aspects of tyre performance. As it is described there, the rolling 
resistance of the tyres was also measured. 
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Appendix F. Valuation information 
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F.1 Stakeholders originally considered in project 

The table below was developed in an early stage of the benefit cost analysis. 
 
Stakeholder How is the stakeholder affected? 

The public (i) Almost all members of society are affected by noise from road 
traffic. The EU 25 member states comprise 457 million citizens. 
The number will rise to 470 million during the period 2005- 
2025.  

(ii) If changes to tyre design were to change fuel consumption, 
then the public would also be affected by increases or 
decreases in air pollution levels.  

Vehicle 
manufacturers 

Vehicle manufacturers are affected in three main ways: 

(i) Vehicles must pass a noise test as part of the ‘type approval’ 
process. A new form of this test has been developed, for 
introduction sometime between 2010-2012. The test places 
much greater emphasis on tyre noise than the previous test, 
and the limit values are likely to be tightened twice before 2020.  
Vehicle manufacturers have stated that the use of lower noise 
tyres will cut the costs to them of complying with the vehicle 
noise type approval test. This ‘cut’ is in comparison to the 
alternative approach of making design changes to vehicles 
themselves, in order to lower engine and powertrain noise. 

(ii) Vehicles are equipped with sound deadening, to make the 
passenger compartment quieter. This sound deadening adds 
weight to the vehicle, which increases manufacturing costs and 
fuel consumption. If lower noise tyres reduced noise from both 
a vehicle’s own tyres and from other traffic, then this would 
reduce costs of manufacture marginally. 

(iii) Vehicle manufacturers purchase tyres as original equipment for 
the new vehicles that they sell, so are affected by any changes 
in the cost of purchasing tyres. 

Tyre 
manufacturers  

Tyre manufacturers will be affected by: 

(i) Any increases in production costs of tyres. If manufacurers did 
pass on any costs, these would be a very small percentage of 
the purchase cost of a new vehicle. The costs would be most 
noticeable for after-market tyres. The purchasers of new 
vehicles are less price sensitive than the operators of older 
vehicles, who are affected by the costs of replacement tyres.  

(ii) Any changes in the rate at which tyres are replaced by vehicle 
owners. Such changes would result in higher or lower sales 
volumes, and hence turnover, for tyre manufacturers. 
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Stakeholder How is the stakeholder affected? 

Businesses that 
operate vehicles 

Businesses in Europe own and operate almost all vehicles in classes N1, 
N2, N3, M2 and M3. Eurostat reports that there were 29 million lorries in the 
EU in 2001. Around 2.5 million new lorries are bought each year. Many 
cars, i.e. vehicles in class M1, are also run by businesses. However, the 
conditions under which cars are wholly or partly run by businesses as 
‘company cars’ vary widely between member states. There is therefore no 
reliable way of apportioning the running costs of these vehicles solely to 
businesses, as some costs are partly carried by people who use the same 
vehicles privately.  

Costs of ownership depend on: 

(i) The purchase costs of vehicles and tyres; 

(ii) How often tyres need to be replaced; 

(iii) Increases or decreases in fuel consumption that are caused by 
differences in tyre design. 

Members of the 
public who operate 
vehicles 

Most members of the public operate only private cars, which are vehicles in 
category M1. In 2002, there were 212 million passenger cars in the EU25 
states. Typically, 15 million new cars are sold each year. Costs of 
ownership depend on: 

(i) The purchase cost of vehicles and tyres; 

(ii) How often tyres need to be replaced; 

(iii) Increases or decreases in fuel consumption that are caused by 
differences in tyre design. 

Road authorities, 
cities and other 
road operators 

Responsibility for roads falls on a wide variety of national and regional 
authorities, in the various member states. These authorities have 
responsibilities to reduce or maintain noise levels, in response to national 
noise legislation as well as the Environmental Noise Directive.   

These responsibilities are weighed against considerations of traffic safety, 
minimising congestion, air quality, water and ground pollution.  It is 
expected that this will also extend to CO2 production on the network in the 
future.   

The road authorities will be affected by; 

Real and perceived reductions, or increases, in noise levels as a result of 
type approval.  Reductions in reality will reduce their costs. Reductions in 
limits that are not replicated on the road network will not achieve these 
savings. 

Changes in tyre parameters, such as rolling resistance or friction levels may 
increase the costs of road-based measures needed to overcome any 
deficiencies. 

Unexpected changes in tyre performance in critical conditions as a result of 
design changes may cause disproportionate costs.   
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F.2 Benefits and costs of alternative approaches 

This section considers very low noise surfaces. It also considers other policy options that 
would serve as alternatives to the proposed tyre noise limits in the Directive, as a means 
of reducing road traffic noise.    
 
Sub-section F.2.1 provides a calculation of the costs and benefits of very low noise road 
surfaces across the EU25. However, other policies would also achieve significant noise 
reductions. Future benefit cost studies might compare the benefits of further tyre noise 
reductions beyond the proposed 2012 tyre noise limits with each of: 
(i) Very low noise road surfaces;  
(ii) Financial incentives for scrapping older commercial vehicles. These vehicles were 
often built to comply with much higher vehicle noise limits than are now required of new 
vehicles. Scrapping older commercial vehicles also provides very significant additional air 
quality benefits. 
(iii) Intelligent speed adaptation equipment as ‘speed limiters’ in vehicles. The 
Commission’s investigation of fixed speed limiters in commercial vehicles has shown very 
large benefits for all the major environmental impacts of vehicles. See EU(2001) and 
Carsten (2000).  The benefits to noise, accident frequency and severity, and all form sof 
emissions would provide very considerable, at very low cost.  

F.2.1 Low noise road surfaces 

The cost of very low noise surfaces for roads is around 17 Euros per square metre. This is 
the cost of dual layer porour asphalt surfaces that have been used on the Continent. This 
includes the whole cost of re-surfacing, i.e. both labour and materials. This cost figure  
compares to around 7 Euros/m2 for SMA (Stone Mastic Asphalt). However, the lowest 
noise surfaces are not as durable as other surfaces.  
 
We can calculate the cost of achieving major road noise reductions through re-surfacing 
roads with low noise surfaces as part of the routine replacement of worn out roads. We 
assume: 
 

(i) A cost of 7 Euros/ m2 for an SMA surface, lasting 15 years; 
 
(ii) A cost of 17 Euros/m2 for a very low noise surface. This will last only 10 years..  

 
European Union Road Federation (2005) offers the following road lengths for EU25: 
 

• Motorways: 59100 km 
 
• National Roads 359900 km 

 
• Secondary or regional roads 1350900 km 

 
• Other roads 2955000 km. 

 
Resurfacing the ‘other roads’ would not be likely to bring significant noise benefits. Many 
of these roads have very low traffic levels, and are in rural locations with few inhabitants. 
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We assume a total road width of 4 lanes for motorways and national roads, and 2 lanes 
for secondary and regional roads. These three classes of road together provide, for the 
EU25, a total of 4.4 million lane kilometres, i.e. 4.4 billion lane metres 
 
We assume a lane width of 4 metres. This includes hard shoulders and edges to roads. 
The total area of road to resurface would therefore be 17.6 billion m2. 
 
For very low noise surfaces, the cost would be 300 Billion Euros to resurface all roads, but 
the surfaces would only offer a 10 year life span. For SMA only, the cost would be 123 
Billion Euros, for a 15 year life span. 
 
We note however that a very large scale programe of road re-surfacing would be likely to 
bring down considerably the per metre cost of resurfacing with very low noise surfaces. 
 
The difference between re-surfacing with a very low noise surface and an SMA surface 
would be 22 Billion Euros/annum. 
 
Detailed cost estimates and life spans are available from the study Morgan (2006). This 
study suggests that the advantage provided by a very low noise surface, compared to 
SAM, would amount to a reduction in overall road traffic noise of 2 dB(A).  
 
So a major programme to re-surface most larger roads in the EU with very low noise 
surfaces would deliver benefits comparable to those achievable through the changes 
proposed to the Directive. However, the difference lies in the costs. The costs of re-
surfacing: 
(i) Are many times those for achieving compliance with the proposed new tyre noise limits; 
and 
(ii) The costs of re-surfacing with very low noise surfaces will recur indefinitely, whereas 
the costs of the changes to the Directive are likely to occur for very few years. 

 


