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Summary 

Road traffic is steadily increasing. Future trends indicate that passenger road traffic will increase by 20% from 1998 to 2010. Goods transport by road is predicted to increase by almost 40% during the same period. A modern transport system must be sustainable from an economic and social as well as an environmental viewpoint. To assure that road transport can be considered as sustainable, it is necessary to reduce the negative consequences of road traffic to an acceptable level. 

Noise pollution due to traffic is one of the main hinder for a sustainable development of transport. It was suggested that environmental noise could be reduced by setting new legislation and then implementing it with existing knowledge, as was, for example, discussed at the CALM workshop in Brussels. The proposed short-term target for the year 2010 is a noise reduction of 19 dB, (i.e. almost a factor of ten) for road traffic as compared to the levels of the year 2000. These very ambitious short-term requirements cannot possibly be met unless combined action of legislation, implementation of existing knowledge, and new basic research is put into practice. A major component of road traffic noise is now tyre/road noise, due to successful reductions in engine noise over the past twenty years. Therefore to achieve the proposed reduction targets it is now necessary to reduce tyre/road noise, which is still in the domain of research rather than existing knowledge. 

Safety is the crucial demand on road surfaces, so design of new low noise textures or textures with low rolling resistance must not risk the grip potential (especially under wet conditions). Currently more than 40,000 persons are killed on EU roads every year, but the strategic objective is to cut this number by 50% within the next eight years and 75% by 2025.  To achieve this, research must target not only the human and vehicle environment, but also the road    surface itself. The aim being to design highly sophisticated pavement surfaces to provide an optimum grip. However high-grip surfaces considered alone may not necessarily be fuel-saving or noise-absorbing. 

Models are needed to assist in the design of road surfaces and to predict their essential properties. New solutions and a cross-disciplinary approach are needed to achieve such a goal. The objective of ITARI is to provide the necessary design, test and measurement tools to investigate new road surfaces, which might lead to lower noise emission and lower fuel consumption and at the same time meeting safety requirements. In addition to this ITARI will demonstrate the implementation of virtually prototyped road surfaces in the production process of road surfaces.

In this way ITARI will supply knowledge, methodology and insight to enable the research community to develop sustainable road transport for the future.

ITARI focuses on the interaction between tyre/vehicle and road with its consequences with respect to

· Rolling resistance and fuel consumption

· Noise generation and radiation

· Safety 

· Production techniques

The main scientific and technical objectives of ITARI will consist of three categories: design tools, measurement methods, and demonstration of production techniques. The objective of this set of design tools is to allow for virtual design of road surfaces and their essential properties. This will include tools for designing:

· New and innovative road surfaces leading to low tyre/road noise generation. The model is based on a hybrid model combining a statistical approach based on the previous “Sperenberg project” and the rolling model developed in the European project RATIN. The goal of the model is to predict overall levels for coast-by situations as function of the road surface texture with an accuracy of ±2 dB.

· Roads with low rolling resistance taking into account the influence of the mechanical road impedance and the road texture. This model is based on the formulation of the dynamic contact as developed in the ongoing European project RATIN. The model is extended to cover smooth surfaces where stick-slip and adhesion might play a dominant role. First results for the calculation of rolling resistance have been obtained

· Safe road surfaces (wet grip) as function of the road design and road surface texture. This includes a new definition of grip and a standardised procedure to determine grip for wet surfaces. It also includes models for the production of surfaces with predefined friction properties.  

Based on these tools road surfaces can be designed and implemented. To validate the tools but also to ensure that the road surfaces meet specifications defined in the design process a number of measurement tools are required. The objectives of ITARI are to suggest and demonstrate the properties of advanced road surfaces. The demonstration will be performed by construction of test surfaces reduced to “laboratory-scaled” test patches that are not suitable for vehicle coast-by and roll-over measurements. This means that both the non-acoustical and the acoustical properties have to be determined by the following measurement procedures:

· Measurement procedures to characterise texture, acoustic and mechanical impedance of the road surfaces 

An in-situ system for the measurement of complex reflection factors for normal and oblique sound incidence is available and will be used to derive the acoustic impedance. The method is also valid for the in-situ measurement of the three-dimensional surface textures.

In addition it will be necessary to determine the mechanical stiffness and loss factor of the road surfaces. The measurements will be performed by means of procedures and devices used in the structural dynamics field.

· Measurement procedures for the flow resistance

Air-flow resistance not only affects the sound absorbing properties of road surfaces. It is also important in controlling the air pumping sound generation mechanism, that can dominate the radiated sound at high frequencies. An in-situ system for the measurement of the air flow resistance within the tyre/road contact patch is available and will be used.

· Measurements procedures for grip including optical methods, friction devices and breaking tests. As a result from simulation and testing a new standard for defining and measuring grip shall be proposed.

While the development of models and tools takes place mainly during year 1 and year 2 of the project, year 3 was specifically dedicated to the review and assessment of the project results.  The main activities are demonstrating and validating the results by 

· Suggesting optimised innovative road surfaces with an improved overall performance based on the models developed for the prediction of noise, rolling resistance, and wet grip.

· Building such virtually designed surfaces applying new and innovative pavement technology.

· Validating the results by measurements 
The results will be disseminated through the partner BASt, which due to its wide contact network has a variety of channels to distribute results and knowledge from ITARI.
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Kungliga Tekniska Högskolan, MWL, Sweden

Bundesanstalt für Straßenwesen, Germany

Contact details coordinator:

Wolfgang Kropp

Applied Acoustics

Chalmers University of Technology

Sven Hultins Gatan 8a

SE-41296 Göteborg

Tel: +46 31 7722204

Fax: +46 31 7722212
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www.ta.chalmers.se
1. Project objectives and major achievements during the reporting period 
1.2 General project objectives- state of the art 

The overall objective of ITARI is to provide tools for predicting road texture properties in the design state and in this way to avoid expensive experiments based on error and trial. The implementation of these tools by producing innovative low noise textures, with low rolling resistance and fulfilling safety requirements is part of the project objectives in year three.

The ongoing project is based on the substantial amount of research that has been carried out in each of the individual areas during the recent years. However, very little has been done in a cross disciplinary approach. This is a clear drawback and one of the main objectives during year one was to make use of synergy effects by coordinating the work in the different research fields. At the end all the areas have to deal with the description of the contact between tyre and road surface. In the following the objectives and the state of the art in all three areas (i.e. tyre/road noise generation, rolling resistance and safety) are discussed.

Tyre/road noise generation – understanding and prediction

The knowledge concerning the noise generation due to the interaction between tyre and road has been developed substantially during the last years. Models for the generation of tyre/road noise have been established and validated. One of the most advanced models has been developed in the European project RATIN [1]. Despite this progress, there is still a clear lack of understanding especially concerning the noise generation mechanisms on smooth roads.

Additionally, there is substantial problem in designing a model with high accuracy due to the lack of sufficiently accurate input data [2]. An alternative approach would be a so-called hybrid model where deterministic tyre models deliver input data such as contact forces, deformation of the tread, radiation properties etc. to a statistical model based on the measurement from a sufficiently large number of tyre and road surface combinations. The first steps towards this goal were made recently in a project dealing with the influence of road surface texture on tyre-road noise, (also known as “Sperenberg project”, 1997-2000, carried out for the Federal Highway Research Institute of Germany (BASt) on behalf of the Federal Ministry of Transport) [3].

One main outcome of the project was a database of road surface data and coast-by level spectra for 840 different tyre pavement combinations. These were specifically treated dense and porous pavements, driven over at rolling speeds from 50 km/h up to 120 km/h. The parameters of texture and acoustical impedance of the road surface have been varied in a systematic way. The tyre set comprised of 16 different types of passenger car tyres and 4 types of truck tyres including a subset of slick tyres. Results of near field measurements of the rolling noise of two sets of normal car tyres on the 42 different road surfaces completed the measurements. The data are unique due to thoroughly adjusted and controlled boundary conditions to ensure that the data were free from the corrupting effects of varying tyre temperature and inflation pressures etc. From the data it was possible to identify surface textures, which might give much lower tyre/road noise generation than is known from conventional pavements.

Two main objectives of ITARI is to further develop the so-called hybrid model and to validate this approach.

Rolling resistance

As a loaded tyre is rolling, it is deformed by time varying and moving contact forces. This causes a time varying deformation field, which is one of the sources of tyre noise. Moreover, as the tyre is a highly damped visco-elastic structure, a substantial part of the deformation energy is transferred to heat. Studies for heavy vehicles [4, 5] indicate that these deformation losses account for approximately 90% of the rolling resistance, which in turn determines 20-30 % of total resistance to forward motion and 14 % - 17 % to the total fuel consumption [4]. 

Rolling resistance is determined not only by the tyre properties, but also the road surface. In a project carried out by Swedish Institute for Transport Research (VTI), the rolling resistance of different road surfaces has been studied and differences up to more than 50% have been found for different textures. [6]. Consequently, an “optimal” road surface need not only be safe, silent and wear resistant but also be designed for low fuel consumption.

Despite the paramount economic and environmental impact of rolling resistance, it has not received much attention in the open scientific literature. The state of art seems to describe the tyre as a rigid ring on a spring foundation. The structural data are extracted from two-dimensional modal analysis describing the damping with modal loss factors, whereas the contact forces are given by the loading and the geometry (a circle forced onto a smooth plane) [7, 8]. 

Inside vehicle industry even simpler methods are applied for estimation of the contribution of the rolling resistance to the total fuel consumption. These models are not suitable to study the influence of road design parameters. In the tyre industry, Finite Element models are used to calculate the deformation and energy losses during rolling [9, 10]. However, the models are not able to calculate the dynamic contact and are therefore not be able to describe the variation of energy losses during rolling as function of different road surfaces.

Consequently, to the best of the research groups’ knowledge, there are no studies in the open scientific literature, or in industry, modelling the influence of road surface properties on rolling resistance. One of ITARI’s objectives is the development of such models. These models to be developed are based on the formulations for tyre vibration and dynamic tyre-road contact force in RATIN, which will be further enhanced for rolling resistance prediction, thereby facilitating a sustainable transport system.

Tyre/road friction – understanding and prediction

The frictional behaviour of rubber, unlike friction of other solids, is controlled by the very low elastic modulus giving high internal energy losses over a wide frequency band. The friction force is mainly derived from the loss modulus, a bulk property of the rubber [11]. For tyre/road contact two contributions of rubber friction become important, commonly described as the adhesion and hysteretic components, respectively [12].

The hysteretic component comes from internal friction processes: during sliding, the asperities of the pavement surface exert oscillating forces on the rubber surface leading to cyclic deformations and from that to internal energy dissipation. Rather simple rheological models are used to describe the frequency-temperature behaviour of rubber in a phenomenological way. They do not explain the microscopic origin of the visco-elastic behaviour but are useful for friction modelling as envisaged within this project.

The adhesion component is due to interfacial forces acting between the rubber and the pavement surface in the areas of contact. To get a picture of adhesion imagine a block of an elastically very soft solid, i.e. gelatine, being put on a piece of pavement. When removing the rubber block (or in this case: the gelatine block) from the pavement even a weak adhesive junction may be elongated before breaking, in fact by a distance that may be larger than the height of the surface asperities. Thus, at one stage during the removal of the block, a large fraction of the junctions will be simultaneously elastically elongated and exert a force on the block in the direction towards the pavement. The adhesion component is important only for very clean and dry tyre/road contacts and only for very low sliding speeds and short-wavelength roughness [13].

While quantitative models for adhesion are known for some time now [14,15], only in recent years a quantitative model has been brought up for hysteretic friction [16,17], which is the more important component when road safety (especially wet braking) is considered. 

The first approach to predict friction forces in tyre/road contact from texture parameters was probably first made by Radó [18] in 1994. Although pavement texture has been considered in tyre/road contact modelling within the last years this has been done in a more general, empirical way and, besides that, focussed on tyre/vehicle behaviour. To use friction modelling in designing the grip properties of pavement surfaces is a new approach adopted by this project.

Characterisation of road surfaces

There are three properties that characterize the road surface in terms of tyre/road noise, grip and rolling resistance: texture, porosity and flexibility. In order to make road surfaces safe and durable, mixtures of mineral aggregates and powerful binders are used for the construction in the present situation. For safety reasons, the surface of a road must show a certain roughness combined with certain microscopic properties. Roughness is produced for instance by exposing single stones, which are bound in the surface course, applying special dressings or mechanical treatment. The deviation of a pavement surface from a true planar surface, the texture, is commonly expressed as superposition of a finite number of sinusoidal waves each of them having a distinct wavelength which depend on the material, aggregate size and construction method. As far as tyre/road noise, rolling resistance and grip are concerned, different ranges of wavelengths are important depending on the vehicle speed. Moreover, not only wavelength distribution and roughness depth (amplitude) but also the shape of the texture affects the tyre/road noise generation. Depending on the construction method, pavements tend to more concave or convex shapes of the texture. The texture shape is quantifiable independently from the wavelength distribution and the roughness depth. Favourable combinations of these three texture parameters lead to road surfaces with lower tyre/road noise.

Designing an building innovative road surfaces
The basic idea of this project is that the pavement characteristics can be optimised with respect to the tyre-road interactions: noise, rolling resistance and grip. When the physical processes that lead to these effects are understood mathematical models and consequently design tools can be developed that can help to make better pavements.  

Avoiding small aggregate size in the mixture leads to porous road surfaces with sound absorbing properties. Enhanced flexibility, i.e. lower stiffness and higher mechanical loss factor is also effective. These additional properties are able to reduce the rolling noise of passenger car tyres and have a much greater noise reducing effect on truck tyres than texture.

As far as grip is concerned wavelength and amplitude are the important texture parameters. The relevant wavelength range includes texture features from 10-6 m to about 5(10-4 m (the micro texture). For provision of sufficient drainage between tyre and pavement a macro texture is needed (of wavelengths from 5(10-4 m to 5(10-2 m). Porosity is also a factor that can influence pavement grip since it affects the drainage capability of a pavement (for example open-graded asphalt pavements).

The first attempts with the Hybrid model within the Sperenberg project has shown that there are new, not yet applied textures and road constructions, which are likely to lead to very effective, noise reducing road pavements. The noise reduction potential is expected to be 6 dB for passenger car tyres on dense road surfaces (referenced to stone mastic asphalt 0/8 or 0/11). Combining these low noise textures with sound absorbing and/or flexible constructions should add at least 4 or 5 more decibels – independently from the tyre and the speed. However, the effects on grip, (durability) and rolling resistance are not yet known. To implement this noise reduction potential on real road surfaces investigations on new materials and construction methods are necessary which are able to produce textures, void structures and flexibility in a well directed and reproducible way – not neglecting the crucial properties grip, (durability) and rolling resistance. The problem of conforming to conventional road construction procedures has to be overcome. However development of new types of road surfaces by means of measurement procedures and calculation models for analysis and synthesis will help to improve the state of the art.

1.2 Summary of the objectives
· Finalisation of the approach for the description of tyre/road interaction available for WP 1- WP5

· Studies on the fluid road interaction including air-pumping mechanisms

· Collection of input data for the hybrid model

· A consolidated and validated version of a model to calculate rolling resistance

· To design an optimal road surface based on the knowledge, tool and models achieved inside the project

· To carry out measurements on the predefined road surfaces
· To implement WP7 where predefined road surfaces are fabricated

1.3 Summary of the main achievements 

The main achievements during the third period are:

· ISVR a friction model, which will be employed in WP1 and WP5. 

· Chalmers implemented adhesion forces into the Chalmers rolling model, 

· Chalmers improved the model for truck tyres. 

· CSTB demonstrated a first working model for air-pumping due to closing and opening of cavities in the contact area during rolling. 

· CSTB implemented a model for the radiation of sound from the contact including ground properties as media with flow resistance

· Müller-BBM finalised the work on the improved measurement setup for determination of the acoustical impedance

· Extension of the tyre model to take into account tyres with stiff sidewalls

· The rolling resistance model has been improved wit respect to the description of damping inside the tyre structure (KTH)

· The rolling resistance model has been used to rank different road surfaces (Chalmers). 

· RWTH developed a tyre road friction model for ABS braking conditions 

· Setup of the DIK test rig. Preliminary tests have been performed

· Measurements of texture and related friction have been made. A program to analyze the measured texture has been written

· Müller-BBM finalised the measurement device to measure dynamic flow resistance of road surfaces

· Müller-BBM improved a recent absorber model by implementation of the correlation between void content and air flow resistance of porous asphalt

· Finalising the measurement techniques for the mechanical impedance of road surfaces 

· i) Dissemination plan revised. ii) Project presented at conferences. iii) Publications in a professional journal and conference proceedings. iv) Questionnaire for the dissemination of the results.

· All partners contributed to WP7 by defining the optimal geometrical and constructional specifications for the ITARI road surface

· The ITARI road surface (WP7) has been realized on a test site in Germany (Müller-BBM)

