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Relation noise Noise level change
to A BFC from - 50
to + 50 % in Z BFC, prédicted

Correl. coeff. by regr. line

Car peak pass-by

noise at 70 km/h

accord. to TRRL

[14] highly significant 5.6 dB(A)
 

Traffic noise (L.;)

accord. to VTT : 0.56 (not sign.) 4.7 dB(A)

Car peak pass-by

noise at 90 km/h

accord. to VTI : 0.51 (not sign.) 8.2 dB(A)

Tire/road noise

accord. to VTI :

    

Tire P

(smooth tread) 0.83 (p © 0.001 %) 9.6 dB(A)

Tire S

(summer tread) 0.65 (p © 0.02 %) 3.6 dB(A)

Tire W

(M + S tread) 0.32 (not sign.) 1.7 dB(A)
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for safety and noise ?

 

by U. Sandberg (1)

 

ABSTRACT
 

Tire/road noise appears to be the dominating component of the
noise from free-flowing traffic. This makes traffic noise very sensi-
tive to road surface design ; in fact, it is shown that surface design is
no less important than vehicle or tire design as a means of influen-
cing traffic noise.

Earlier, it was believed that a skid-resistant road surface must be
noisy and vice versa. Research during the latest 10-15 years seems
to have both supported and opposed this belief ; however, mainly
the latter.

Regarding outdoor tests on representative roads, U.S. data were
ambiguous, British data indicated a clear correlation between skid
resistance/speed gradient and tire/road noise, German data were
interpreted to indicate an inverse relationship between friction and
noise, joint Belgian/Swedish data indicated no correlation, and
French data indicated no or a rather weak correlation. Regarding

tests on indoor drum facilities, where the drum surface was made
slippery, a clear relation was found indicating that decreasing the

friction also decreased the noise.

In a paper by a Belgian researcher, the apparent conflict noise-
/safety was discussed and it was concluded that it is possible to
construct surfaces with both high friction and low noise.

In the present paper, the problem is reviewed and new experi-
mental data are presented. These indicate that the influence of
friction found by other researchers during indoor drum tests could
be found also in a field test, although to a much smaller extent. It
seems that the influence on noise under field conditions that can be
traced to friction, when the road surface macrotesture effect is
excluded, is marginal although measurable.

It is also concluded that the relation between noise and road
surface macrotexture is complicated. As the question between
friction and road texture is far from simple, the resulting noise-fric-
tion relation is also complicated.

The paper also briefly reviews the influence on noise of road
macrotexture, and the generating mechanisms of tire/road noise.

 

1. INTRODUCTION
 

Tire/road noise is the dominating component of the noise from
free-flowing traffic. Reducing road traffic noise at the source is
then a responsability not only for vehicle manufacturers but also
for tire manufacturers and road builders (not to mention drivers !).

Measurements 1983-85 in Sweden have shown that the noise
from individual vehicles travelling at 70 km/h may vary typically
by about 7 dB(A) for cars according to type and 12 dB(A) for
heavy articulated vehicles according to type. However, when 100-

(1) Swedish Road and Traffic Research Institute, S-581 01 Linköping,
Sweden.

king at the variation caused by the road surface type it is seen that
the noise may vary by 9 dB(A) if the traffic is composed of cars and
6 dB(A) if the traffic is composed of trucks. In this case, no
pavements such as cement concrete or paving stones were included
and all roads were dry. It is evident that the road surface is a factor
which is very important for the traffic noise emission.

It has been widely discussed whether the most efficient way to
reduce traffic noise is to redesign the tire or the road surface. Some
tire manufacturers claim that tires differ so little today in their
noise emission that it is far more efficient to work with road surface
changes. As a comment on this it could be said, firstly, that it is
questionable whether the fact that tires today give very similar

noise emission means that they necessarily must be the way they
are is a relevant argument or not. Secondly, it appears that the
noise emission variation is larger today for road surfaces than for
tires. However, this is true if the discussion is limited only to
passenger car tires - for truck tires the reverse is true. Therefore,
the responsability of reducing noise is that of vehicle manufactu-
rers, tire manufacturers as well as road designers. All of these

categories are responsible for the noise emission in different situa-
tions and if anyone wants to avoid this task, the attempts of the
others would be less efficient.

It is important to keep this in mind in the following, because this
paper is nevertheless biased towards road surface characteristics.

One of many reasons for the lack of sufficient noise reduction
from the tire/road system is the widely accepted prejudice - or
excuse - that a quiet tire or a quiet road must also be unsafe, i.e.
give low friction, and therefore cannot be accepted. My view is that
neither a quiet tire, nor a quiet road, has to give low friction and in
this paper I will discuss the noise and friction correlation for
different roads. If there are any trade-offs they are quite marginal.

Firstly, however, it is necessary as a background to inform about
other aspects of tire/road noise interaction.

 

2. NOISE GENERATING

MECHANiSMS
 

2.1. THE MECHANISMS AND OTHER PHENOMENA

Based on earlier [1] pooled with results reported in this paper, as
well as results reported by several other researchers, the following
tire/road noise generating mechanisms are considered as signifi-
cant :

1. Radial 1A. Impact of tire tread blocks
vibration or other pattern elements

mechanism on road surfaces

1B. Impact of road surface

texture on tire tread
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2. Air resonant 2A. Pipe resonance

2B. Helmholz resonance

2C. Pocket air-pumping
(this may also be a special
case of 2B)

Both A and B may be excited
either by simple compression/
expansion of entrapped air

or by tangential tread vibrations
from stick/slip motions

3. Adhesion 3A. Stick/slip motions cause
mechanism tangential tire vibrations

(see also 2A, 2B)

3B. Rubber-to-road stick/
release (adhesive effect)

In addition to this, there are some amplitude influencing pheno-

mena :

I. The horn effect
II. Sound absorption in the road surface

III. Mechanical impedance effect

2.2. COMMENTS

Tread radial vibrations are caused by small deflections in the tire
tread due to the impact and release forces, and radiate as sound
after low-pass filtering in the tire.

The pipe resonance is due to standing waves in the « air tube » in

the grooves of the tire tread. Concerning the Helmholz resonance,
the volume of air in a cavity will act as a spring resonating with the
mass of air in the « throat » between the cavity and the external air.
In a tire-axle-fixed coordinate system a cavity in the thread travels
out of the road contact area and up the tire circumference. The
resonance frequency and probably also the amplification then
change with the revolution.

Air pumping occurs when a cavity is closed and opened and the
air is compressed/expanded with such a speed as to cause great air
turbulence and thus noise. The Helmholz resonance may amplify
the noise.

Between the curved tire tread fore and aft of the tire/road
interface and the road surface, there is a space forming an acousti-
cal horn which increases the radiation efficiency backwards and
forwards. This may be largely ineffective if one side of the
« throat », e.g. the road surface, is made porous.

The stiffness of the road surface, or the matching of mechanical
impedance tire-to-road, influences the tread block or road texture
impact so that it may be amplified (stiff road) or attenuated (soft
road), i.e. it influences mechanism No. 1.

Mechanism No. 1 is limited to rather low frequencies (below
1 kHz generally) while mechanisms No. 2 and 3 seldom occur
below 1 kHz. Mechanisms No. 2B, 2C and 3 should be most
important at the trailing edge, accentuated also by the horn effect.

Thus, the generating mechanisms encompass many interesting
acoustical phenomena of a fundamental nature, but altogether
form a very complicated pattern.

 

3. ROAD SURFACE

INFLUENCE ON NOISE
 

In a cooperative Belgian/Swedish program a study was made to
find which parameters of the road surface influence noise genera-
tion [1]. Parameters such as macrotexture, friction, water drai-
nage, sound absorption and mechanical stiffness of the roads were
considered. The outcome was that there was no influence by
friction or water drainage on noise that could not equally well or

better be attributed to the macrotexture. Sound absorption influen-
ced the noise, but only for drainage surfaces. Mechanical stiffness
could perhaps influence the noise, but to a minor extent only.

It was preferred to replace the commonly measured sand-patch
texture depth by a measurement of the profile curve of the road
surface. This profile curve was analyzed either by filtering it using

an analogue technique or by calculating its spectral content with a
digital technique to obtain a third-octave band texture spectrum,
see Fig. 1. The reason is that we have found that simpler values
such as the sand-patch texture depth are not sufficient to describe
the road texture in this case.

Over the range of road surfaces tested, the noise levels at each
acoustic frequency were correlated against the road texture levels
at each texture wavelength. The best correlation between noise and
road texture was obtained for certain frequencies of the noise and
certain spatial frequencies or wavelengths of the macrotexture.
Fig. 2 shows the correlation of the noise at low frequencies with the

texture at long wavelengths for one of the tires and Fig. 3 shows the
same relation between high frequencies of the noise and short
wavelengths of the texture. It turned out that the relation appeared

to be the reverse in these two cases.

These facts imply that there is no simple and general relation

between the overall noise level and texture.

The correlation between the noise and texture for all noise
frequencies and all texture wavelengths is illustrated in [1]. It was
concluded that there are (at least) two main generation mecha-
nisms which are uncorrelated with each other ; one in the low-fre-
quency range (below 1 000 Hz) with a positive correlation with
road macrotexture and another in the high-frequency range (above
1 000 Hz) with a negative correlation with macrotexture.

The low frequency mechanism is No. 1 and the high frequency
mechanism No. 2 and/or No. 3 described in section 2.1.
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Fig. 1 : Typical third-octave band spectrum for the road surface texture of a

dense, smooth asphalt concrete pavement. The vertical dB scale refers to a

reference of 10-*m rms of displacement.

 

4. NOISE MEASURING

METHODS

 

4.1. TIRE/ROAD MEASURING METHODS

During the period 1983-85, three methods for measurement of

tire/road noise were developed [2] [3]. They are the following :
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Fig. 2 : Noise levels at 400 Hz versus texture levels at 80 mm texture
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Fig. 3: Noise levels at 3 150 Hz versus texture levels at 2.0 mm texture
wavelength for a © summer tire ».

Coast-by method

The maximum A-weighted noise level is measured when a vehi-

cule equipped with test tires is coasting by the test area. The
microphone is positioned 1.2 m above the ground and 7.5 m from
the centre of the test track. In most parts the method is compatible
with standards for vehicle noise measurements. The test speed of
70 km/h is mandatory, but speeds of 90, 50 and 30 km/h are
supplementary if desired. At least five test runs should be made and
the resulting sound levels averaged. The time constat shall be equal

to the 4 F » time constant.

Laboratory drum method

A test tire is mounted so that it can roll against a drum surface in
a laboratory. Special care must be observed concerning the acous-
tic environment. A microphone is positioned close to the tire-
/drum interface. For a passenger car tire, the distance between the
plane of the tire sidewall and the microphone is 200 mm. The
microphone height above the ground level (or corresponding level
in the tyre/drum interface) is 0.1 m. Normally, only one measure-
ment per test condition is necessary, provided the averaging time is
not less than 4 s.

Trailed method

A test tire is mounted on a single-wheel or a two-wheel trailer
which is towed by a vehicle. A microphone is mounted in the same
position as in the drum method and the articulated vehicle is driven

along a test track or a road having a suitable surface. To increase
the signal/noise ratio and to reduce climatic influence, an enclo-
sure around the test type and microphone can be used. For each
test condition at least two runs should be made and the results
averaged. Normally, the averaging time per run shall be > 4 s.

4.2. REFERENCE ROAD AND DRUM SURFACES

As tire/road noise is influenced by the road surface as much as
by the tyre construction, measurements on different tyres are
meaningless if the road surface is not specified in its relevant
characteristics.

For all three methods, including the drum, two reference sur-
faces are specified namely one having a = typical » smooth texture
and one having a = typical » rough texture. The reason is that tire
ranking may be very different depending on whether the surface is
smooth or rough. The road surfaces are characterized by values
describing the texture at certain critical texture wavelenghts [3].

4.3. TRAFFIC NOISE MEASURING METHODS

A common method, first used by TRRL [4], is similar to the
coast-by method described above, except that vehicles in normal
traffic are passing by. By measuring speeds and peak noise levels
for a large number of vehicles of different classes on several roads,
the roads may be compared with respect to traffic noise.

A variation of this is when a microphone located 10 m from the
center of the road (1.2 m height) is used to measure the A-weighted
equivalent sound level (L.,). To compare roads it is necessary to
normalize with respect to traffic volume and average speed.

 

5. TIRE/ROAD FRICTION

MECHANISMS
 

The mechanisms of tire/road friction are too complicated to
describe in detail in this limited space. I will just mention a few
main features of tire/road friction.

Firstly, it is necessary to define micro- and macrotexture.
Macrotexture is the texture, the roughness of which is in the range
of tire tread elements and road chippings up to the size of the
tire/road interface area. Microtexture is the smaller-scale
roughness, within individual chippings, which is difficult to see
with the naked eye and extends down to molecular sizes. The limit
is under discussion ; in this paper it is assumed to be at 0.5-1.0 mm
texture wavelength.

The main part of the friction results from adhesion forces bet-
ween molecules in very close contact with each other in the tire
rubber and the road surface respectively. When a tire rolis over the
road surface, there is always some sliding motion in the interface
(slip). However, some parts of the rubber always stick momenta-
rily to the road surface due to that the molecular adhesion exceeds
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the sliding forces. Thus, there are always oscillatory stick-slip
motions. A pronounced microtexture will always make the mole-

cular attractions firmer.

A pronounced macrotexture, on the other hand, means that the
envelopping by the tire and the partial sliding over the asperities in
the road surface will create hysteresis losses in the rubber which
will contribute to friction. When the road surface is contaminated
by water etc., macrotexture has another function, i.e. to provide
escape channels for the contamination and thus improve the adhe-
sive attractions between the molecules. Such attractions are bro-

ken even by very thin contamination films. For higher speeds on a
wet road, the friction coefficient (friction force divided by the
normal force, i.e. the load) is reduced as shown in Fig. 4.
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Fig. 4 : The generalized relation between friction coefficient and speed on
wet pavements. '

In very simplified terms, it can be said that the role of microtex-
ture is to provide a high dry friction, whereas the major role of
macrotexture is to provide dry contact spots, as well as channels
where the water may escape from the tire/road interface and thus
create high friction even on wet roads and at high speeds. The
zero-speed intercept of the friction-speed curves is determined
mainly by microtexture while the negative slope or gradient of the
curves is determined mainly by the macrotexture. At very high
sliding speeds the slope may even be positive due to increasing

hysteresis losses.

Several measures are used to describe friction. There is insuffi-
cient space to describe them here, and it is not so important in this
context, but I will just mention that friction number, friction coef-
ficient, skid number (SN), braking force coefficient (BFC) and
sideways force coefficient (SFC) are all measures related to fric-
tion. Often, also the speed gradients are used, such as A BFC
which means the percentage change in BFC between speeds of 130
and 50 km/h and PSNG with is basically a similar measure, i.e.

percent skid number gradient.

Another measure should be mentioned. This is the British Pen-
dulum Number (BPN) which is a special measure of energy loss

when swinging a standardized piece of rubber over a road surface
and noting the pendulum swinging height after the road contact.
This is considered to be substantially a measure of microtexture.

 

6. REVIEW OF REPORTED FRICTION

INFLUENCES ON NOISE -

FIELD EXPERIMENTS
 

6.1. USA

Many efforts have been made in the USA to correlate tire/road
noise with friction. Attempts have also been made to use tire/road

noise measurements as predictors of skid restistance, or at least
road macrotexture. In a paper by Veres, Henry and Lawther in
1975, it was shown that at 1 600 Hz the noise increased with PSNG,
i.e. noise increased when surfaces became smoother [5]. A more
complicated finding was that of Baran and Henry [6] where the
near-field measured noise at high frequencies was reported to have
a significant but extremely complicated relation with skid numbers
and BPN. They also reported that the A-weighted noise level in
far-field measurements had a positive correlation with skid num-
bers but a negative correlation with BPN. The model fitting the
stated relation is also relatively complicated. At lower speeds the
correlation was poor. In addition, Bronsdon [7] indicated a com-
plex noise-friction relation and he failed to provide a model for
skid testing by noise measurements.

An earlier U.S. study, by Fuller and Potts, reported that there
was no significant correlation between skid numbers, or its speed
gradient, with tire noise [8]. Dahir and Henry concluded that = the
objectives of quieter pavements with adequate skid resistance are
not diametrically opposed » [9].

The latter statement was supported also by a study of noise and
traction of truck tires by Thurman and Leasure [10].

Lately, the technique employed to investigate noise-texture rela-
tions [1] was also applied to noise and friction measurements
(Eberhardt) [11]. It was found that for one radial-ply truck tire the
correlation was mostly negative, i.e. for most noise frequencies a
higher noise level corresponded to lower skid number. One should
note that only four road surfaces were used in this correlation test,
which normally is insufficient.

6.2. AUSTRALIA

In an internal report by Lainson, measurements are presented
showing a positive and significant relation between internal vehicle
noise and friction (SFC) [12].

6.3. UNITED KINGDOM

The extensive work by several researchers at the Transport and
Road Research Laboratory has detected a clear linear correlation
between tire/road noise level and the speed gradient of the Braking
Force Coefficient (A BFC). This means that higher friction (at
high speeds) should mean higher noise levels as well [13, 14, 15].
Nelson and Ross [16], however, show that drainage pavements are
exceptional in this case. The number of surfaces employed in these
investigations is high.

Based on these noise-friction relations, Salt [17] calculated that,
assuming certain conditions, © a noise reduction of 1 dB(A) at the
side of the road can be equated to approximately £8 million a year
in increased cost of accidents ».

Concerning noise-friction relations when varying the tire rather
than the road, a study by Underwood ]18] indicates a similar
relation to the above-mentioned [13, 14, 15, 16].

In a paper by Walker [19] it is shown that the clear correlations
between friction and noise are not unambiguous - on the
contrary, the reverse relation may occur in some cases.

6.4. FRANCE

Results reported by Legillon [20] indicate an ambiguous relation
between friction and noise. Extensive data reported more recently
by Delanne and rillet [21] indicate the same ; however, for a
certain class or limited sample of surfacings a linear relation exists ;
in this case increasing friction means slightly increasing noise.

6.5. BELGIUM

A non-significant correlation between noise and the speed gra-
dient of friction (SFC) was found by Descornet [22]. Despite a very



 

wide range of surfaces, no significant correlation was found. In a
later report, it was shown that the same poor collelation resulted
from the regression of SFC on noise, as well as it was explained
why there need be no general conflict between noise and friction
[23]. Tentative data indicated that the macrotexture influenced
noise and friction in different ways, so that high amplitudes of
short texture wavelengths would be beneficial to both noise and
friction.

6.6. GERMANY

No correlation between noise and friction was detected in a
German work by Ullrich of the Bundesanstalt för Strassenwesen
(BASt) [24]. However, an extensive program at the = Forschung-
sinstitut för Kraftfahrwesen » in Stuttgart revealed a negative noi-
se-friction correlation, i.e. lower noise was accompanied by higher
friction, as was first demonstrated by Liedl [25]. This result was
dependent on the omission of values for three of the road surfaces ;
however, if all data points were included it appears that there
would be no correlation at all.

Additional data by Denker et al in [26, 27] further support the
negative noise-friction correlation. However, one should note that
the range of textures incorporated does not to seem include very
rough textures in the perspective of the widely used rough surfaces
in Sweden, Belgium, France and the U.K. Also, it should be
observed that the data seem to be based on measurement on only
five road surfaces for each tire, giving only three degrees of free-
dom in the correlation tests.

 

7. REVIEW OF REPORTED FRICTION

INFLUENCE ON NOISE -

LABORATORY EXPERIMENTS
 

In works by Liedl [25] and Denker [26], experiments are presen-
ted where tires were run on a drum covered with an artificial
texture and where the friction was influenced by injection of tal-
cum powder in the contact zone. The results showed that the
talcum injection gave much lower tire noise at frequencies above
1-2 kHz for a smooth tire tread but no change at lower frequencies.
The interpretation was that tangential stick-slip motions were
responsible for the noise at high frequencies. However, the results
from these drum tests were, in this author's judgement, in disagree-
ment with the field test presented in the same reports where high

friction was interpreted as giving low noise.

The German results were later reproduced in a Swedish labora-
tory investigation utilizing the BASt drum [28] where more = rea-
listic » tire/drum combinations were used. The talcum was effec-
tive at frequencies above 1 600 Hz and the noise reduction at the
high frequencies was around 5 dB ; however the influence on A-

weighted overall levels was quite marginal.

In the German report [25] it was stated that the talcum reduced
the friction measured as BPN by a factor of 2.5, so the change in
friction caused by the talcum was really extreme.

 

8. FRICTION INFLUENCE

ON NOISE ACCORDING

TO OWN MEASUREMENTS
 

8.1. WET FRICTION COEFFICIENT

Traffic noise measurements made in 1983-84 by this institute
(method according to Section 4.3 above) have been compared to
measurements of wet friction coefficient (70 km/h, 0.5-0.7 mm
water film, SAAB friction tester). The results are presented in
Fig. 5 where the noise levels are expressed as differences to values
calculated by the Nordic traffic noise prediction model based on

average speeds, traffic volume, vehicle mix and measuring
distance. In this way, the noise measurements are corrected for
influence of extraneous factors such as those mentioned. The
results indicate no correlation. Similar results were obtained when
the noise levels were represented by peak pass-by levels from cars
at 90 km/h.

A similar, uncorrelated relation was found in tire/road noise
measurements (70 and 90 km/h, averaged results) on 15 road sur-
faces in 1977-79 compared to wet friction measurements (BV11,
70 km/h). Fig. 6 displays the results-in terms of regression lines for
the three test tires, when the data points for a drainage and a
cement concrete surface were neglected. The correlation coeffi-
cients are then 0.56-0.58 which is just on the limit for being statisti-
cally significant on the 95 % probability level. However, when any
of the two 4 extreme » surfaces are added, the correlation goes
insignificant for all the tires.

8.2. LOW-SPEED WET FRICTION

Belgian data used in a cooperative work [1] included measure-
ment of sideways force coefficient (SFC) at 20 km/h on a number
of surfaces which were also tested with respect to tire/road noise.
The SFC at low speeds should be determined mainly by microtex-
ture and thus, according to one of the hypotheses for the noise
generating mechanisms, should be correlated with noise at high
frequencies. As presented in [29] the high-frequency noise appea-
red to have no significant correlation (R = 0.29) with SFC»,.
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However, a highly significant relation between high-frequency

noise and low-wavelength macrotexture was found (Fig. 3) and the

residuals in this relation were tested against SFC» to see if the

friction data could explain the remaining variation. This was not

the case ; the correlation was non-significant.

8.3. DRY FRICTION COEFFICIENT

Recently, the measurements in 1977-79 mentioned above were

further processed to detect any relation between tire/road noise
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and the friction coefficient measured in dry conditions (70 km/h).

It was found that such a correlation existed, provided the drainage

asphalt was excluded (it is reasonable to exclude the latter as it

influences the sound propagation source-receiver). The influence

on the A-weighted level was, however, only 1-1.5 dB(A). By corre-

lating the residual noise levels (see Section 8.2) with the dry friction

coefficient it was found that the influence was the highest at the

high frequencies (1.5-2 dB) ; see table 1. For the tire with a smooth

tread, where any adhesive effect could be relatively important at

high frequencies, the influence traced to dry friction was up to 4 dB

at the critical high frequency. The critical frequency is the fre-

quency at which the correlation with macrotexture was found to be

best [1].

Table 1 : Correlations found between the residuals in noise level

versus macrotexture (at the critical high frequencies and short

texture wavelengths) and the dry friction coefficient at 70 km/h

normalized to 20* C. Twelve road surfaces, drainage asphalt exclu-

ded.

 

 

  

Tire type Correlation Explained Noise

coefficient variance variation

R R2 for 30 %

friction

variation

P = smooth 0.87 76 % 4.0 dB

tread (p © 0.001)

S = summer 0.57 33 % 1.8 dB

tread (p = 0.05)

W = M + S 0.60 36 % 1.6 dB

tread (p © 0.05)

 
 

8.4. FRICTION SPEED GRADIENT

According to our measurements, the normalized speed gradient

was not correlated with the tire/road noise levels. The normalized

speed gradient was (here) the difference in wet friction coefficient

at 70 and 50 km/h divided by the friction coefficient at 50 km/h. If

there is any correlation, it is probably necessary to measure at very

different speeds (130 and 50 km/h as in the U.K.) in order to be

able to display this.

Therefore, the same procedure was used as that presented by

TRRL [14], to estimate A BFC between 50 and 130 km/h from

macrotexture data. When plotting the tire/road noise levels

(14 observations) against these, correlations similar to but less

pronounced than those presented in [14] are found if, and only if

drainage asphalt is excluded. The correlation coefficients are given

in Table 2.

Table 2 : Correlations found between noise and A BFC from 50 to

130 km/h when the latter was estimated from macrotexture data.

 

 

 

Relation noise Noise level change

to A BFC from - 50

to + 50 % in A BFC, prédicted

Correl. coeff. by regr. line

Car peak pass-by

noise at 70 km/h

accord. to TRRL

[14] highly significant 5.6 dB(A)

Traffic noise (L.;)

accord. to VTT : 0.56 (not sign.) 4.7 dB(A)

Car peak pass-by

noise at 90 km/h

accord. to VTI : 0.51 (not sign.) 8.2 dB(A)

Tire/road noise

accord. to VTT :

Tire P

(smooth tread) 0.83 (p © 0.001 %) 9.6 dB(A)

Tire S

(summer tread) 0.65 (p © 0.02 %) 3.6 dB(A)

Tire W

(M + S tread) 0.32 (not sign.) 1.7 dB(A)

    
 

It is seen that for the = summer » tire, the VTI and TRRL results

are not so different. On the other hand, this assumes that drainage

asphalt pavements are excluded.

It is important to note that this is just a relation between noise

and macrotexture, as the A BFC is estimated from macrotexture.

It does not necessarily mean that there is a relation between noise

and friction. This is demonstrated by the fact that the relatively

high correlations for the P and S tires are turned to non-significant

when real friction measurements are considered instead of predic-

ted A BFC.

Also, in Fig. 5 there is no sign of correlation. As the latter could

be different at higher speeds than 70 km/h, it was tried to correlate

the traffic and car noise (see Table 2) with friction at 110 km/h was

calculated from measurements of friction at 70 km/h and macro-

texture-predicted speed gradient from 70 to 110 km/h, using the

same procedure as [14].

The result was that, even at his high speed, there was no signifi-

cant correlation. Thus, the conclusion is that even if there may be a

certain relation between noise and predicted A BFC, it does not

need be any relation between noise and measured friction !

8.5. FRICTION REPRESENTED BY BRITISH PENDULUM

NUMBER (BPN)

In Fig. 7, the results of our comparisons of tire/road noise level

with BPN are presented. BPN, especially in dry conditions, should

be a measure largely dependent on microtexture and should, if

tangential stick-slip motions are generating noise, have some cor-

relation with tire/road noise. The BPN turns out from these data to

have a non-significant correlation with noise when measured in dry

conditions (R = 0.60) but has a significant correlation between

measured wet (R = + 0.81, p © 0.02).

These results are for the x summer » tire : for the other two tires

similar results are obtained. However, one should be very cautious

in interpreting the results as it is very difficult to measure BPN on



 

rough surface dressings and the four highest points in Fig. 7 are for
such surfaces.
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Fig. 7 : The relation between tire/road noise level (on dry roads) and BPN
measured in dry and wet condition and normalized to 20* C.

8.6. COMPARISON OF TIRE/ROAD NOISE ON PAIRS OF
SURFACES WITH THE SAME MACROTEXTURE BUT DIF-
FERENT MICROTEXTURE

In order to investigate the influence of microtexture on tire/road
noise, three special experiments were run in which the noise was
measured in cases where nothing else was changed but the micro-
texture or adhesion.

In the first experiment, a road surface was sealed with an asphalt
mix. Half of this sealed surface contained very small but sharp
grains (smaller than 0.5 mm), the other half having no such grains.
The macrotexture profile spectrum was measured on both surfaces
and found to be sufficiently similar.

The section with the grains had a very harsh surface (BPN, dry =
96) while the other part was more slippery (BPN, dry = 88). Fig. 8
shows that the tire/road noise (measured by the trailer method)
from a © summer » type tire was not affected by this significant
microtexture difference. Similar results were obtained for other
patterned tires and speeds.
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Fig. 8 : Tire/road noise measured at 50 km/h on two surfaces with the same

macrotexture but very different microtexture.

The second experiment utilized a single road surface (smooth

asphalt concrete) and one 4summer » type tire running at

70 km/h. The tire tread was painted with a very thin anti-adhesion

agent (Molycote) which lasted for a maximum of around 50-

100 tire revolutions.

Road microtexture was not affected by this ; only the vertical

adhesion bonds between tire and road should have been altered.

The tire/road noise measured before and after this surface agent

was applied can be studied in Fig. 9 (upper two curves). The

difference is very small, although significant at 2.5-6.3 kHz.

INFLUENCE OF MOLYCOTE PAINT (20KH/H)
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Fig. 9 : Tire/road noise at 70 km/h for one tire before and after painting the

tire with anti-adhesion agent (the upper curves) and before and after

painting the road surface with the same agent (lower curves).

The third experiment utilized the same tire, but running on a

different road surface. Tire/road noise was measured by the trailer

method before and after this surface was painted with a very thin

layer of the anti-adhesion paint. The results are presented in the

lower curves in Fig. 9 and display the same effect as when the paint

was applied to the tire. In this experiment, the adhesion/microtex-

ture was changed greatly as dry BPN values were reduced from 79

to 61.

One could say that this experiment really displayed the result of

extreme variations in microtexture and adhesion ; and still the

noise was not influenced very much ! However, the experiment

may be compared to those described in Chapter 7 and one may

note that the results are qualitatively but not quantitatively similar.

The extreme effects noted on the drums are much smaller on a real

road and will only marginally influence the A-weighted overall

value. The results are also in line with those reported in Section 8.3.

The experiments reported in this Section were performed in

cooperation with Dr. J.A. Ejsmont of the Technical University in

Gdansk, whose ideas and assistance in all phases are greatfully

acknowledged.

 

9. DISCUSSION

OF UNIFYING THEORIES
 

How to get any consensus out of Chapters 6-8 ? Most ofthe data

reviewed appear to be largely contradictory at first sight.

The following hypothesis will be the basis for the discussion :

« Tire/road noise is only marginally affected by direct frictional

phenomena. At frequencies below about 1 000 Hz, noise is propor-

9
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tional to large-scale macrotexture, while at higher frequencies
noise is inversely proportional to fine-scale macrotexture. As fric-
tion speed gradient is proportional to macrotexture, there is also

some correlation between noise and friction speed gradient, but
only indirectly (over macrotexture) and better explained by a direct
correlation must not be interpreted as if noise is caused by a

frictional process.

Microtexture, which evidently is of the utmost importance to
friction, has little or no influence on tire/road noise if one consi-
ders the microtexture built up by small grains (in the size range
0.05-0.5 mm) which generate very small but numerous contact
points between rubber and road chippings.

However, the tire/road adhesion is also influenced by the mole-
cular bonds between rather plain rubber-to-road contacts. The
adhesive bond strenght may vary between roads especially due to
binder material and this may cause a variation in the stick/release
process in the trailing edge when a rubber element loses contact
with the road due to the tire rotation. This adhesion bond break
will then contribute to the noise at high frequencies (mechanisms
No. 3A and 3B) above 1 kHz, but not to such an extent that it will
be very important on real roads. However, it explains some of the
residuals in the otherwise quite good correlation between high-fre-
quency noise and fine-scale macrotexture. In special cases, such as
when using atypical, articial surfaces on drums (smooth steel,
special binders and excess of binders, etc) giving extremely high
adhesion bond strength, this effect may be important. For ins-
tance, it is well known that a smooth tire running on a smooth steel
drum is not very quiet and that the noise may change when the steel
is contaminated by fine rubber deposits ».

The noise-texture relation is extensively reported in [1] and the
adhesive bond strength hypothesis was put forward by Swedish
researchers 1980 in [28] and [29]. This phenomenon is very pro-
nounced e.g. when one is running a car on a surface which has
recently been sprayed with sticky bitumen.

It must be noted that the relation between noise and friction
speed gradient does not necessarily mean that there is a conflict
between the two parameters. The absolute value of the friction at
normal speeds is important to safety, not necessarily the speed
alone. It is important not only how fast friction decreases with
speed but also how high the friction is when the fall-off starts at the
fairly low speeds.

A systematic comparison of the hypothesis with the review in
Chapters 6 and 8 will follow.

Firstly, the relations found in USA [5, 6, 7] are likely to be
noise-macrotexture relations in reality. It is difficult to draw any
safe conclusions from the relations found in [11] as these are based
on only four surfaces (2 degrees of freedom).

The Australian results are explained by the fact that the noise
was measured inside the vehicle where low-frequency noise domi-
nates [22]. It is thus a macrotexture effect (compare Fig. 2).

In the U.K. measurement, and in our own data in Section 8.4, it
is evident that there is a relation between A BFC (estimated from
macrotexture) and noise. However, the result is influenced by the
choice of surfaces. In the U.K. measurements, very smooth sur-
faces which will give high noise levels (such as those dominating in

[25, 26, 27]) are very few but rough surfaces are frequent. Those
very smooth included are brushed concrete. The latter, special
group, has its rather smooth texture concentrated at low texture

wavelengths which gives a low noise level according to [1]. Thus,
the result is biased by this and demonstrates a true relationship
which, however, is typical only of the present British mix of sur-
faces. The Swedish relation which was found is less pronounced,
probably due to another selection of pavements.

The French and Belgian results indicate no evident relations ;

the weak tendencies found are probably pure macrotexture effects.
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The relations found in Germany [25, 26, 27] are probably
macrotexture effects, biased in a way opposite to the U.K. pave-

ment selection by a dominance of relatively smooth surfaces.
However, in our experience this pavement selection may be typical
of German roads, where rough textures are relatively rare.

Turning to the results measured on drums, these strongly sup-
port the adhesive bond strength hypothesis, as suggested in [28].

The results presented in 8.1-8.3 support the hypothesis ; the
results in 8.4 were discussed above. In section 8.5, confusing results
are reported ; they may be due to the difficulty of measuring BPN
on very rough surface dressings. The results of 8.6 strongly support
the hypothesis.

The difference in measured friction values due to the use of
different methods have not been discussed in detail here. It is felt
that the problem is complex enough without this additional discus-
sion and it would probably not benefit to understanding of the
phenomena.

By considering the set of data reviewed or reported here it is
thought that the traditional controversy of noise and friction
correlations is resolved.

 

10. CONCLUSIONS
 

The relation between noise and friction in traffic is not simple or
easily understood. Tire/road noise is not substantially affected
directly by tire/road friction. Most observed relations may be
explained by noise-macrotexture relations and/or by not including
the whole range of smooth and rough surfaces, sometimes motiva-
ted due to national preferences for road surface types.

Tire/road noise is, however, probably directly influenced by the
variability of adhesion bond strength, albeit only marginally if one
considers only real roads. On special surfaces such as those
employed in certain drum experiments the influence may be much
more important.

There is no general conflict between requirements for low noise
and high safety (friction). For certain classes of road surfaces there
may be a conflict within the class, especially at extremely high
vehicle speeds. However, where this would be a serious problem,
the use of specially composed textures - not necessarily very
rough - or porous drainage asphalt pavements will solve the
problem. The latter have the potential of giving a superior noise
reduction and they mostly do so in reality.
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