<]
TUDelft

Delft University of Technology

Ontwikkeling Skid Resistance & Smart Ravelling Interface Testing Device

Khedoe, RN; de Bondt, AH; Long, D.; Villani, Mirella; Scarpas, Athanasios

Publication date
2016

Published in
CROW InfraDagen 2016

Citation (APA)

Khedoe, RN., de Bondt, AH., Long, D., Villani, M., & Scarpas, A. (2016). Ontwikkeling Skid Resistance &
Smart Ravelling Interface Testing Device. In CROW InfraDagen 2016 (pp. 1-13)
https://www.crow.nl/downloads/pdf/bijeenkomsten-congressen/2016/crow-
infradagen/papers/70_ontwikkeling-skid-resistance-smart-ravelling-in.aspx

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://www.crow.nl/downloads/pdf/bijeenkomsten-congressen/2016/crow-infradagen/papers/70_ontwikkeling-skid-resistance-smart-ravelling-in.aspx
https://www.crow.nl/downloads/pdf/bijeenkomsten-congressen/2016/crow-infradagen/papers/70_ontwikkeling-skid-resistance-smart-ravelling-in.aspx

Ontwikkeling Skid Resistance & Smart Ravelling Interface Testing
Device

R.N. Khedoe
Ooms Civiel bv

A.H. de Bondt
D. Long
Ooms Civiel bv

M.M. Villani
A. Scarpas
Technische Universiteit Delft

Samenvatting

De interface van een band van een auto en de weg is belangrijk voor de verschillende interacties. In
termen van verkeersveiligheid is stroefheid is een belangrijke factor. Voor de weg is dit niet alleen
aanvangsstroefheid, maar ook ontwikkeling van stroefheid is belangrijk. Dit geldt ook voor grip
van de band. Sinds 2012 zijn bandenleveranciers in de EU verplicht om gegevens te verstrekken
met betrekking tot de prestaties van hun banden door middel van testresultaten. Dit wordt
weergegeven in een Europese bandenlabel. Het bandenlabel geeft informatie over rolweerstand,
grip op nat wegdek of stroefheid en geluidsemissie. In de toekomst zou een dergelijk systeem
kunnen worden toegepast op wegen. In dergelijke situatie is het niet wenselijk dat er (dure)
testvakken worden gebouwd om de bovenstaande eigenschappen te evalueren. Er bestaat een
behoefte aan nauwkeurige laboratorium testapparatuur om dergelijke tests op kleine schaal uit te
voeren. De huidige beschikbare testapparatuur is niet voldoende geschikt om de interactie tussen
snelheid, contactspanning en temperatuur op stroefheid te evalueren. Een optimale band kan alleen
worden ontwikkeld met een representatieve wegdek en een optimale wegdek kan alleen worden
ontwikkeld met een representatieve band.

In het kader van het EU FP7 project SKIDSAFE, is een Skid Resistance & Smart Ravelling
Interface Testing Device (SR-ITD®) ontworpen en gebouwd voor de studie van de invloed en de
interactie van de verschillende verschijnselen, die zich op de rubber-wegdek interface afspelen. Het
apparaat is ontwikkeld om in het laboratorium op een snelle en efficiénte wijze materialen te testen
en te evalueren. De materialen zijn zowel het rubber van een band als wegdekmaterialen. Met dit
apparaat is het ook mogelijk om de rafelingsweerstand van een wegoppervlak te evalueren. Deze
bijdrage zal de ontwikkeling en het gebruik van de machine tot op heden beschrijven.

Trefwoorden
Rafeling, stroefheid, oppervlakte textuur, band-wegdek interactie
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1. Introduction

It is well known that the interface of the tyre of a car and the pavement is important for the different
interactions, in terms of safety. Skid resistance is an important factor for traffic safety. It describes
the contribution of the road surface to the development of friction at the tyre-road interface. Friction
originates primarily from the interaction of the asperities of the road surface with the morphological
characteristics of tyres.

The interaction between tyre and road is preferably known before production. For the road
authorities and contractor the quality of the road surface after construction and during service life is
important. The tyre industry is interested in the safety provided by the tyre. The two industries
operate from their own point of view. Separately they build costly test sites (tracks) or test devices
for characterizing their products. But the interactions at the interface as they happen in practice, are
less explored.

A tyre is recognized as a high-performance composite with more than sixty different materials and
it is quite possibly the most complex part of a car. Among those components, the one that is directly
at the tyre-pavement interface is the tread. The tyre properties and the tread properties are strongly
related since, amongst others, the traction of a tyre is dictated by the friction properties of the tread
compound. The handling characteristics of a tyre depend on the stiffness of the tread compound.
The rolling resistance depends on the loss modulus of the tread compound. And finally tyre heat
build-up depends on the rubber thermal conductivity.

Also, currently available lab and field friction testing devices do not allow for the evaluation of the
interaction between relative speed, pressure and temperature on friction. In the framework of the
EU FP7 SKIDSAFE project, an innovative Skid Resistance & Smart Ravelling Interface Testing
Device (SR-ITD®) has been designed and built for the study of the influence and the interaction of
the various phenomena occurring at the rubber and pavement interface [1].

2. Development of a new laboratory testing device

Currently available laboratory and field testing devices can test friction. But they do not allow for
the evaluation of the interaction between relative speed, pressure and temperature on friction. Also
they can either polish the specimen or perform a friction test. The reaction forces, temperature, etc.
are not measured during polishing. Also the temperatures at the interface during skid resistance
testing are not measured.

In the framework of the EU FP7 SKIDSAFE project, an innovative (and patented) Skid Resistance
& Smart Ravelling Interface Testing Device (SR-1TD®) has been designed and built to meet the
demands described above.

During the development of this test device the criteria for proper interface testing were formulated.
Representative test conditions should be created, like loading stresses, speed and temperatures.
Good quality specimens of asphalt or stone and rubber from a tyre are to be used in the test. The test
system should not be a black box, so it should consist of adequate and reliable instrumentation
which can provide high measurement accuracy and produce understandable output.

From the criteria described above, the set of demands for the interface testing device was
formulated. High travel speeds with representative normal pressures (of a car or a truck) and
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simulation on dry as well as wet surfaces should be possible. Wheels of the device should have the
possibility of different wheel slips. It should be suited for stone, cement concrete and asphalt
surfaces. The test must be efficient and cost-effective. Measurements and polishing should be
possible simultaneously. Scientific interpretation and utilization of the output data should be
possible.

This resulted in a design for a prototype of the interface testing device. All the machine parts were
designed in a three-dimensional design software, and 3D rendered (Figure 1) for some practical
mechanical validation. After the design validation, the 3D design was converted to 2D AutoCAD
drawings for production of the parts. All the design parts of the machine were custom made in a
mechanical workshop. The assembly of the machine was done at the laboratory of Ooms Civiel, in
Scharwoude, the Netherlands.

The SR-ITD was designed with the main purpose of enabling the investigation of the influence of
various combinations of rubber tyre pressure, skid velocity and traffic load repetitions on the
surface characteristics of pavements. In the course of a test, all three parameters can be varied
individually or kept constant. In this way, the device provides an attractive alternative to standard
types of equipment which are currently utilized for (in-situ) skid resistance and/or polishing
measurements and which do not provide any user control nor understanding of the actual test
conditions imposed by the equipment on the material(s).

3. Skid Resistance & Smart Ravelling Interface Testing Device

The Skid Resistance & Smart Ravelling Interface Testing device or SR-ITD consists of two key
components, as it is shown in Figure 1 and Figure 3: a moveable turntable or sample holder onto
which the asphalt concrete specimen with a diameter of 390 mm is placed and a static loading frame
onto which three rubber wheels are installed. Individually each wheel can be placed at variable radii
from the centre (Figure 2) and at various slip angles and can be rolling (in this case angular speed
can be measured) or fully fixed. A maximum speed of 85 km/h can be reached when the wheel is
placed in the outer position.

Each solid rubber wheel is 100 mm in diameter and has a width of 25 mm. The wheels are not
meant to represent complete tyres. SR-ITD has been designed for the investigation of rubber-
pavement surface interaction.

Each wheel is instrumented in order to record:

- normal, tangential and longitudinal forces;

- angular speed of the wheel,

- external and internal temperature of the rubber tyre in different locations with different
instruments (external sensors and implanted thermocouples) as well as the cooling water
temperature.
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Sample holder

Figure 3: The SR-ITD set-up

Figure 2: Three variable radii on the sample

The movement and force in vertical direction of the loading frame is induced by a pneumatic
controlled and measured cylinder. This pneumatic cylinder is connected with a piston to the loading
frame. This system can work with air pressures up to 7.2 bar. The loading frame has three wheels
for stability and the fact that in this way more data is generated in one test, to make it more
efficient. The wheel construction is designed in such a way, that the rubber tyres that are mounted
on a steel wheel rim can easily and quickly be replaced. The wheel rim is attached on a stainless
steel axle. This axle is connected to a multi axis load sensor.

Custom made machine control and data acquisition software was designed and built for the device.
The data acquisition can record the output of the load sensors, the pressure of the loading frame on
the sample, temperatures and the rotating speed of the sample.

4. Instrumentation of the SR-ITD

The moveable turntable is connected by a driving shaft to an electric motor. This motor can drive
the specimen and turntable with a mass of 50 kilograms up to 1250 rotations per minute. This
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corresponds to a speed of 85 km/h when the wheel is placed in the outer position. The speed is
controlled and measured. The rotational speed of the individual wheel can also be measured.

Figure 6. Definition of the three axes of the system Figure 7: Thermocouples in rubber sample
- ‘Z’(vertical) ‘v’ (axial) and ‘@’
(tangential)

Skid resistance is created by changing the angle of the wheel (Figure 4). The difference between the
speed of the road surface sample and the circumferential speed of the rubber wheel is the slip speed.
This will introduce a force in the axial direction. The friction coefficient can be calculated from the
measured forces. The SR-ITD is instrumented with a multi axis load sensor (Figure 5) in order to
record normal, tangential and longitudinal forces. Multi axis load sensors are designed to measure a
multiple of forces simultaneously. It can measure forces up to = 1000 N in three directions. The
three axes are defined as ‘Z’ (vertical) ‘r’ (axial) and ‘®’ (tangential) (Figure 6).

The internal temperature of the rubber can be measured by means of implanted ‘K type’
thermocouples installed via a small hole (10 mm long) in three locations of the rubber sample. One
thermocouple is installed at 4 mm from the rubber-asphalt interface and the other two are located
closer to the ring, which can be seen in Figure 7. The inside temperature can only be measured from
a fixed non-rotating wheel. The surface temperature of the rotating rubber wheels and road surface
sample is monitored by infrared thermometers.
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The interface measurements can be performed at different moisture conditions. Therefore a water
spray system is part of the SR-ITD. The water is pumped from a reservoir into the machine and
sprayed in front of the contact area of the rubber tyre and surface of the specimen to be tested, either
stone or asphalt. The flow of water is controlled and measured. The amount of water can be
monitored with calibrated flow meters. The temperature of the water is also monitored.

24
Figure 8: Measuring range of 3D laser line scanner Figure 9: Scanner in SR-1TD
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Figure 10: Typical output of surface roughness measurement

The test samples like stone aggregate, asphalt concrete or other material, will see some polishing by
the rubber tyres in time due to the representative loading. The polishing effect will influence the
skid resistance of a certain material. To monitor the polishing of the test samples, a 3D laser line
scanner is used (Figure 8, 9 and 10). The 3D laser line scanner uses the triangulation principle for a
two dimensional acquisition of a height profile of various target surfaces. The profiles of the laser
scan can be analysed by means of fractal analysis techniques. [2]
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5. Materials to test

The road surface specimen can be produced in the laboratory or extracted from a road.

Figure 11: Asphalt concrete slab produced in
laboratory

Figure 12: Coring of asphalt sample with a
diameter of 390 mm

s

Figure 14 Coring of stone sample with a
diameter of 390 mm

Figure 16: Rubber test wheel

Figure 15: Stone samples
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In the laboratory a sample can be prepared by production of a slab with the dimensions 500 mm x
500 mm x 60 mm of the desired asphalt mixture (Figure 11) with an automated laboratory asphalt
roller compactor. From this slab a sample is cored with a diameter of 390 mm. (Figure 12) The
sample is then ready for testing. A sample can also be extracted from the road This procedure can
also be applied for concrete and stone slabs. The stone specimen can be cored out of large
aggregates from the quarry (Figure 14). The surface of the stone slabs have to be roughened after
cutting [3].

The SR-ITD has been designed for investigation of rubber-pavement surface interaction
characteristics. The rubber is thus also an important component in the test. The solid rubber wheel
can be produced by rubber manufacturers at desired representative specifications, which is of great
importance. Each rubber wheel is 100 mm in outer diameter and has a width of 25 mm.

6. Test possibilities with the SR-ITD

The device has been developed to study and evaluate materials in the laboratory on a smaller scale
and much faster than in real practice. The materials to test can be the rubber on the tyres or the
surface of the road: asphalt, cement concrete or other surface materials. Four test procedures will
give an idea of the test possibilities of this (patented) interface test device.

6.1 Initial skid resistance

On the motorways in the Netherlands the majority of surface layers is porous asphalt. After
construction, a porous asphalt surface layer cannot be spread with an overload of crushed sand to
achieve initial skid resistance. This would fill the voids of the asphalt. The only lasting solution is to
remove the binder film on the surface, to expose the aggregate. This will improve the skid
resistance. This will happen over time, when the traffic will run over the surface.

Dutch road authorities demand a certain level of initial skid resistance on the motorway after
construction. This is only tested after the road is paved and before the road is opened to traffic. This
test is only performed in practice, on a test site or on the new road. If the minimum initial skid
resistance is not met, the road cannot be opened and the asphalt surface layer has be reconstructed.

This phenomenon creates risks for the contractor if he applies a new kind of porous asphalt. He can
produce of course first (costly) test sites (trials) to ensure the initial skid resistance on the road.
Another way to ensure an initial skid resistance, is the use of a topping material, which is applied on
the asphalt directly behind the paver screed. Hereafter, the roller compaction is performed. The
optimum amount can be determined with costly and time consuming test sites.

The initial skid resistance can be determined more efficiently and cost-effectively in the laboratory
with the SR-ITD. Samples of the desired road surface are made in the laboratory. These samples are
tested in a so-called dry emergency braking procedure. A series of braking tests are performed in
order to evaluate the initial frictional characteristics. In order to perform the braking test, the frame
is lowered onto the asphalt specimen that it is rotating. The three wheels attached to the frame are
placed at an equal distance from the rotation centre, in the most outer track. Two wheels are freely
rolling while the measuring wheel is locked. The speed is decreased linearly from 85 km/h to 0
km/h in 6 seconds. A constant pressure of 0.3 MPa beneath the wheels is applied via the loading
frame, simulating a passengers car. Three replicate tests are typically performed. A typical result is
displayed in Figure 17.
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Based on the laboratory results the contractor can decide to construct only one test site or directly
construct the intended surface layer on the motorway.

Dry Emergency Braking Test - Lab Ooms - @ 0.3 MPa
average friction coefficient between 15 - 85 km/h

0.8
0.7 ‘l

0.6

0.5

0.4

0.3

friction coefficient [-]

0.2

0.1

0.0

200 250 300 350 400 450 500 550 600 650
Amount of topping material [gr/m?]

Figure 17: Typical result of the average friction coefficient between 15-85 km/h in SR-ITD during
dry emergency braking test for different amounts of topping material

6.2 Skid resistance of road surface during service life

During the service life of an asphalt surface pavement layer the skid resistance varies. The initial
skid resistance is not so high, due to the binder film. The skid resistance increases as the bitumen on
the surface of the aggregate is worn away. In the last stage, the polishing of the exposed aggregate
influences the skid resistance. Friction will decrease during time after so many load cycles caused
by traffic. The polishing resistance will be dependent on the type of aggregate and mixture
composition. The experimental characterization of the friction properties of different asphalt
mixtures, after different loading or polishing cycles can be carried out by means of the SR-1TD.

With respect to the surface textures, the results are obtained after the bitumen film is removed. In
order to do the latter, the three wheels of the SR-ITD are placed at an angle of 5 degrees with
respect to the direction of rotation and are rolling with a speed of 20 km/h on the asphalt surface
under a pressure of 0.3 MPa for 54000 passes. Cooling water is sprayed directly in front of the test
wheels with a rate of 3 I/min at a temperature of 20 °C. After bitumen film removal, a series of
braking tests are performed in order to evaluate the frictional characteristics. To conduct the braking
test, the frame is lowered on the specimen that it is rotating. The three wheels attached to the frame
are placed at an equal distance from the rotation centre. Two wheels are freely rolling while the
measuring wheel is locked. Cooling water is sprayed directly in front of the test wheels with a rate
of 3 I/min at a temperature of 20 °C. The speed of the specimen is decreased linearly from 85 km/h
to 0 km/h in 6 seconds. A constant pressure of 0.3 MPa (simulating a passenger car) beneath the
wheels is applied via the loading frame. Three replicate tests are typically performed. This
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procedure is repeated several times until more than 1 million load repetitions have been carried out,
to measure the development of skid resistance during service life. (Figure 18)
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Figure 18: Typical example of fractal analysed surface characterization of different mixtures and
friction characterization (left). fractal analysed surface characterization and frictional
characterization for different 3 polishing levels (right).

Fractal analyses [2] can be performed in order to quantify the morphological characteristics of each
asphalt material type. The output is a height difference correlation (c) versus wave length (1) graph.
A typical example of the influence of polishing cycles on the morphological characteristics of the
surface of a few asphalt mixtures is shown in Figure 18. Polishing affects primarily the higher wave
lengths.

6.3 Skid resistance of rubber tyre

Tyre manufacturers are interested in the best and most cost effective rubber compound for the
thread of the tyre. Since June 2012, tyre manufacturers have been required by the EU to provide
data in relation to the performance of their tyres through testing. The tyre label covers rolling
resistance, wet grip or skid resistance and noise emission. These are important criteria to consider.
In future this kind of labelling system might also be applied on roads. In such a case it is not
desirable to build costly test sites to evaluate these criteria for each new mixture. There is a need for
an accurate laboratory testing device to perform such tests.

The procedure of characterizing skid resistance of rubber tyres on different road surfaces in the SR-
ITD is as follows. The results of the friction tests are obtained after the bitumen film is removed
from the asphalt sample. The bitumen film removal procedure was described in the previous
section.
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After bitumen film removal, a series of braking tests are performed in order to evaluate the
frictional characteristics. First the frame is lowered on the specimen that it is rotating. The three
wheels attached to the frame are placed an equal distance from the rotation centre. All the three
wheels are freely rolling. Each wheel is positioned at a different angle, 5, 10 and 15°. Cooling water
is sprayed directly in front of the test wheels with a rate of 3 I/min at a temperature of 20 °C. The
speed of the pavement specimen is linearly increased and decreased linearly from 0 km/h to 85
km/h to 0 km/h in 48 seconds. A constant pressure of 0.3 MPa (simulating a passenger car) beneath
the wheels is applied via the loading frame. Three replicate tests are typically performed. Figure 19
displays the average results of the different combinations of type of rubber compound and pavement
surface.

From this result the tyre manufacturer can for example choose the rubber compound which
performs overall the best in skid resistance.

Average friction coefficient of different rubber compounds on different
pavement surfaces
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Figure 19: Test results of skid resistance of different rubber compounds on different surface layers.

6.4 Ravelling

When the adherence between bitumen and stone/mineral diminishes or the bitumen starts to fail,
stone loss occurs on the road surface. As soon as a single stone is lost, the support for the adjacent
stones also disappears. The process then soon accelerates. This is a particularly common form of
damage in very porous types of asphalt in particular. The consequences of ravelling include less
evenness, less skid resistance, less comfort and broken windshields for road users, and more noise
for the environment.

Ravelling can also be tested in the SR-ITD [6]. The purpose of the test is to give an indication of the

resistance to ravelling. The phenomenon is caused by shear forces, in transverse and longitudinal
direction. These shear forces are caused by deformation of the tyre, torsion and braking. This
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observed behaviour can be simulated and measured in the SR- ITD on both unconditioned and
conditioned (aged) specimens . The shear forces that introduce stone loss, are measured. The output
of the test is the amount of stone loss versus number of load repetitions.

The characteristics of a successful ravelling test in the SR-ITD are:

e representative measurable vertical load (heavy traffic);

e many load repetitions in a short time simulates fatigue by shock loads in a short contact time
of tyre and stone and no one-time overloading;

e continuously measuring shearl resistance forces and conditions ( such as temperature of
rubber and asphalt surface);

e large continuous measuring length of about one meter during one rotation of the specimen;

e no unnecessary and unwanted edge damage of the specimen (separating unintended
ravelling by edge damage and ravelling by actual load applied).

This test configuration is able to give a ranking of the resistance to ravelling of different asphalt
mixtures as can be seen in Figure 20.[7]

Average mass stone loss

M Porphyry pen 70/100 Parphyry modified binder

200

180

160 -

140

120

100 -

co
o

Mass stone loss [g]

Al
o o

[
o

=]
|

Lab - fresh Lab - aged From site - fresh

Figure 20: Typical SR-ITD results of average stone loss of different asphalt mixtures

7. CONCLUSIONS

The Skid Resistance & Smart Ravelling Interface Testing Device has been designed and built for
the study of the influence and the interaction of the various phenomena occurring at the rubber
pavement interface during driving and braking. This paper has given an overview of the 5 year
development and current capabilities of this device. The patented laboratory testing machine
enables various combinations of slip velocity and pressure to be applied with concurrent
measurement of temperature in the interface regions. With this equipment it is also possible to study
the ravelling resistance of a surfacing material (asphalt, cement concrete or a surface dressing). It
was developed to study and evaluate materials in the laboratory on a smaller scale and much faster
than in real practice. The materials to test can be the rubber on the tyres or the surface of the road:
asphalt, concrete or other surface materials.
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This innovative device is at the moment the only one (as far as the authors are aware), that can
evaluate, at laboratory level, the friction due to the interaction between a rubber sample and an
asphalt concrete surface for several speeds, pressure levels (car or truck) and temperatures.
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