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ABSTRACT

In this paper, annoyance ratings and detectionstiolds of incoming traffic are discussed as a
function of road-tyre noise. Empirical data on ayame, from the Noiseless project, can be
interpreted as follows: (1) cobble stones pavemertg significantly the most annoying; (2) the open
asphalt rubber pavement had lower annoyance rabingis did not differ significantly from the dense
asphalt; (3) increasing speeds and traffic desstigvays led to higher annoyance ratings. On the
other hand, as far as safety and detection of ima@mnaffic is concerned: (1) the hybrid vehiclesva
the least detected whereas the pickup truck wamthst detected; (2) a clear effect of pavement type
was found, with less detections for the asphalbealpavement while the cobble stones pavement
always provided good detection.

Practical implications for traffic noise abatemantl the possible trade-off for road safety (vulbkra
road users) will be outlined.

INTRODUCTION

Traffic related noise is nowadays the major sowtenvironmental noise in most industrialized
nations and developing regions. The negative impasuch noise has been demonstrated in work,
educational, social and private contexts.

In a foreseeable future we might expect a significaduction of road traffic noise both through the
use of more efficient pavements and because ofjtbeing popularity of hybrid and full electric
vehicles.

However, in urban areas traffic noise could alsoabkey factor for the awareness of imminent
conflicts by vulnerable road users. Therefore, ugaffic noise abatement, we might face in tharne

future an increasing trade-off between the genamgrovement of population’s health and the
increase of accidents involving vulnerable roadsise

This paper focuses on two main practical questions:

1) isthere a clear improvement of urban road netw(irks lower annoyance rates) with new
pavements, as the open graded asphalt rubberraditidnal ones? And could we find further
practical implications from the study of other 2dnlies such as population age groups, traffic
speed or traffic density composition?
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2) might we face in the near future an unexpectedusmehnted outcome of traffic noise abatement,
with increasing traffic conflicts and accidentsahung vulnerable road users? And what might
be the negative outcome as a function of pavemgus,of vehicles and population age groups?

For more detailed analyses of these issues plefseto Freitas & al. (2012) and Mendonca et al. (i
preparation). For methodological aspects of noieeonding, sample noise compositions and
psychoacoustic variables, please check previouseptations from Elisabete Freitas and Catarina
Mendonca.

MATERIALS AND METHODS
Experiment 1: Annoyance

Ninety-six listeners participated in the experimdit86 years old, average of 37 years old).
Considering age span, 26 participants were juveidi® years and below), 32 early adults (20-39
years), 18 middle adults (40-59) and 20 late aq6lisyears and above).

The single vehicle recordings were factorially pdirby audio software (Ardour) to produce the
stimuli for the annoyance assessment. For eachpanetype (cobble stones, dense asphalt, and open
graded asphalt rubber) and vehicle speed, frono3MtKm/h with 10 Km/h increments, two traffic
density compositions were defined (simulating a 20dd). Traffic composition 1 (TC1) had a total of

5 vehicles (3 small passenger cars, 1 hybrid apetkup truck) spaced 2.5 seconds from each other.
Traffic composition 2 (TC2) had a total of 15 vdbs (9 small passenger cars, 3 hybrids, 3 pickup
trucks) spaced 1 second from each other. Therdfiere were a total of 30 stimuli (3 pavements x 5
speeds x 2 traffic compositions). Each stimulusthadduration of 5 seconds.

The stimuli were presented through a custom built @pplication, running in a computer with a
sound card Intel 82801BA-ICH2, and AKG K 271 MKIlbsed headphones.

Each participant listened to a total of 120 noidals. Participants were requested to assess the
annoyance of each noise trial with a 10-gradedniatescale from 1 (less annoying) to 10 (very
annoying).

Experiment 2: Detection

Eighty-nine participants were tested in this experit (7-86 years old, average of 37 years old)t Spl
into age groups, 26 participants were juvenile y&ars and below), 27 were early adults (20-39
years), 19 were middle adults (40-59) and 17 lakelta (60 years and above). While not entirely
overlapping, this sample was composed by partitgpaho were also tested in experiment 1.

From each single vehicle recording, sound samplds avduration of 2 seconds were produced. For
all sound samples the final Time-to-Passage (TTiP)he approaching vehicle was fixed to 3.5
seconds; i.e. at the end of the stimulus presentdtie vehicle would need 3.5 seconds to cross the
line of sight of the observer. To mask the sigrgtetroad sound) five levels of white noise were
generated with WavelLab 6: corresponding to the L&HRA) values, as listened by the participants,
of 62, 67, 72, 77 and 82, respectively. A totall8b stimuli with signal plus noise were generated
with audio software (Ardour): 3 pavements x 3 védscx 3 speeds (30, 40 and 50 Km/h) x 5 noise
levels.
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The general experimental setup and equipment Wersame as the experiment 1.

Within each trial the participant was presentechwito consecutive sound samples, with a fixed gap
of 1 second, one with the signal plus noise andther with only noise. Both noise backgrounds of
each trial had the same level of white noise. Elpeints were requested to detect in which of the
intervals, i.e., first or second sample, was th@agching vehicle.

RESULTS
Experiment 1: Annoyance

A preliminary analysis of the data, intra and irgarticipants, revealed a high consistency of
annoyance rates as a function of the main variglpl@gement, speed and traffic composition). The
results were also similar across all age groupsjutenile had a mean annoyance of 5.59 (SD 0.70);
the early adults had a mean of 5.79 (SD 0.84); lmiddults had 5.47 (SD 0.84); and late adults had
5.60 (SD 0.80).

The pooled data per pavement (n=3840 trials) paingssmall difference of mean annoyance between
the dense asphalt (mean 4.8, SD 2.1) and open laspbbher (mean 4.4 ,SD 2.1) pavements. The
cobble stones pavement induces the highest rasnmdyance (mean 7.7, SD 2.1). Percentile 85
indicates the same trend with annoyance valuesfof Both dense asphalt and open asphalt rubber,
and 10 for the cobble stones pavement.

Cumulative frequencies analysis also suggestsatfiabyance accumulates with a steep slope for the
cobble stone pavement, while both the dense asphdlthe open asphalt rubber pavements follow a
smoother and similar path (see Figure 1).
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Fig.1. Cumulative frequencies for the dense asphalt, agphalt rubber, and cobble stones (pooled data n=
3840 per pavement) and annoyance assessment.
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The analysis of the speed-pavement interactionsais\a linear increase of the mean annoyance as a
function of speed (see Figure 2) with similar skoer all pavements (cobble stones=0.07, dense
asphalt=0.06, open asphalt rubber=0.05). Agairfpaisd in the previous global analysis, the cobble
stones pavement shows the highest rates of anneydahe dense asphalt and open asphalt rubber
pavements have similar rates (mean differencegxateding 0.5); but with a consistent lower level
of annoyance for the open asphalt rubber pavement.
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Fig. 2. Annoyance results per speed and pavement: meaesvahd linear regressions

(pooled data n= 768 per dot).

In a similar way as found for the traffic speed thaffic density composition also had an effeatrov
annoyance rates for all pavements, with an incredsthe mean annoyance as a function of the
density. In line with both the global analysis pavement and the speed-pavement results, the cobble
stones pavement shows the highest rates of anneyaitit mean values of 6.8 and 8.5 for the first
(TC1) and second (TC2) traffic compositions, resipely. The dense asphalt and open asphalt rubber
pavements have again very close mean rates with tifarences not exceeding 0.6 for TC1 (4.0 and
3.4 respectively) nor for TC2 (5.7 and 5.3 respety). The analysis of percentile 85 reveals ideiti
patterns of annoyance variation and magnitude.tfi®icobble stones pavement, the values are of 9
and 10 for TC1 and TC2, respectively. For the offmrements, the percentile values are of 6 and 8
for the dense asphalt, and of 5 and 7 for the opspisalt rubber.

Summarizing, all age groups rate traffic noisesortiog to the same standards. Cobble stones
pavement lead to more annoying traffic noises thanse asphalt and open asphalt rubber. Open
asphalt rubber noise is consistently less annalyiag dense asphalt, but these differences arenof lo
magnitude and are not significant (Freitas & &12).
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Vehicle speed has a strong relation with annoydimcall pavement types. Traffic composition also
has a clear effect over results, with higher dgnsiaffic scenes consistently leading to higher
annoyance rates.

Experiment 2: Detection

Unlike was found in experiment 1, here a prelinynanalysis of the data, after computing detection
thresholds per participant, revealed clear diffeesnas a function of age. The global mean detection
was of 80.51 % and the standard error (SE) of IT@8.results across age groups were: for juvenile a
mean of 78.27% (SE 2.07); for early adults 87.93% (.34); for middle adults 79.84% (SE 1.90);
and late adults 72.88% (SE 2.33).

Here will focus on selected case scenarios: comgaa foreseeable combination of noiseless
pavements with hybrid cars to traditional pavememith conventional passenger cars. In the first
case, the impairment of vehicle detection is glaac (Figure 3). The overall mean detection in the
sample is of 69.60 (SE 1.64) for the hybrid / opsphalt rubber condition with only the age group of
20-39 years old being able to reach a suprathrégiid9.48 (SE 2.36). Older participants reached th
lowest mean detection percentage of 58.41 (SE 3rlThat condition and they were still below
threshold for the ordinary vehicles — dense astahario with a percentage of only 70.76 (SE 2.55)
of correct detections.
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Fig. 3.Overall and age groups mean detection percentageSE for selected scenarios.

The combination of pavement and vehicle types se@ntsave an interactive effect on detection
performance, which is consistent across age grdmssidering the overall data from the sample, the
detection decreases 4.95% and 21.15% from dendwlasmd cobble stones to the open asphalt
rubber pavement, respectively. The mean decreaskds67% from the internal combustion engine
vehicles to the hybrid. In the extreme scenariesdétection of the approaching vehicle is decreased
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respectively in 8.55 % and 23.5 %, from the conddi with ordinary vehicles - dense asphalt and
cobble stones to the condition with hybrid - opsphalt rubber.

Older adults of 60 years old and above are the musired in these extreme scenarios with detection
differences of 12.35% and 29.88%. These resultstfgoia somehow additive effect where noisier
sounds add up to noisier pavements and interalattiagt listeners’ auditory accuracy.

CONCLUSION

Approaching our findings from a practical pointvaéw, two key factors on noise abatement should
be considered.

First, the relation between pavement type anditraibise abatement should be taken cautiously. A
substantial investment has been made in new aspldder mixtures under the argument that they
should reduce traffic noise. Although the noiseuctidn cannot be contested, it should be stressed
that the perceived differences by users might radsignificant as expected.

Second, a cost-effective approach to reduce nels¢ed discomfort should also consider traffic
management approaches as traffic calming, incluttiegcontrol of traffic speed and density, two
factors that in this study revealed a consistefietebn annoyance ratings.

Considering traffic safety and the possibility ofrade-off, our results clearly point to a negative
impact of traffic noise abatement on the deteotibapproaching vehicles.

The following concerns should be stressed.
1. Detection is significantly lowered by noiseless graents and quieter vehicles.
2. Younger and particularly older participants areniast impaired.

3. Not only all variables revealed direct effects otrex vehicle detectability, but moreover they all
showed interactive effects. Therefore, comprehenapproaches that account for subject’'s age
(or listening abilities), vehicle and pavement tyae well as background noise are needed.

4. In the real world the detection performance shtnddeven worst. First, we used a standard white
noise background, while in everyday situations radfic contributes heavily to the noise
environment, thus reducing the conspicuity of thensl envelope of each vehicle. Secondly, in
our experiments participants had to detect only approaching vehicle at a time instead of
facing simultaneously several targets.

5. Moreover, transition periods as we are already¢jvmowadays, are potentially very difficult and
risky. Vulnerable road users will inevitably hawve dope with a growing mix of vehicles and
pavements, with varying degrees of conspicuitysiich a transition scenario, hybrid and full
electric vehicles, circulating on noiseless pavamsanight prove quite difficult to detect.

6. In short, with noise abatement a trade-off betwaemore pleasant and healthy urban road
environment and an increase of traffic conflictd ascidents involving pedestrians and bicyclists
should be a matter of concern.
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