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Preface

This report was originally written as part of Work package H1: “Methods for Noise
Control by Traffic Management” in the EU project SILENCE [Ellebjerg, 2007]. The
aim of the work package is to produce a toolkit to advise city authorities on types and
packages of traffic flow management and driver training measures which can be used
to reduce noise from road traffic. The report presents the initial work on assessing the
effect of individual traffic flow measures on traffic flow noise emissions.

The basis of the report is a thorough literature study of the effects of various traffic
flow measures on traffic flow and noise.

The report was written by Lars Ellebjerg from the Danish Road Institute/Road
Directorate (DRI). Hans Bendtsen from DRI has performed quality control of the
report. The author wishes to thank the members of the SILENCE sub-project H, who
have contributed to this publication with their knowledge and advice. Thank you to:

e Michel Bérengier (LCPC).

e Truls Berge (SINTEF).

e Roberta Cafiero (UPPUMT).
e Emma Johansson (Volvo Technology).
e Steven Riley (BCC).

e Lluis Ros (DSD).

e Laurent Rosa (RATP).

e Rein Schandersson (VTI).

e Pierre Schmitz (AED-DTYS).
e Heinz Steven (RWTUEV).

e Karen Vancluysen (POLIS).



Forord

Denne rapport er skrevet som en del af arbejdspakke H1: "Methods for Noise Control
by Traffic Management” i EU-projektet SILENCE. [Ellebjerg, 2007]. Mélet med den-
ne arbejdspakke er at udarbejde en vaerktojskasse, der kan hjeelpe myndigheder i byer
med at reducere stoj fra vejtrafik gennem forskellige typer og kombinationer af trafik-
ledelsestiltag og uddannelse af chaufferer. Denne rapport praesenterer det indledende
arbejde med at vurdere effekten af individuelle trafikledelsestiltag pa trafikkens
stgjemissioner.

Rapporten er skrevet af Lars Ellebjerg fra Vejdirektoratet — Vejteknisk Institut. Hans
Bendtsen har kvalitetssikret rapporten. Forfatteren takker medlemmerne af SILENCE
del-projekt H, som har bidraget til rapporten med deres viden og gode rad. Tak til:

e Michel Bérengier (LCPC).

e Truls Berge (SINTEF).

e Roberta Cafiero (UPPUMT).
e Emma Johansson (Volvo Technology).
e Steven Riley (BCC).

e Lluis Ros (DSD).

e Laurent Rosa (RATP).

e Rein Schandersson (VTI).

e Pierre Schmitz (AED-DTYS).
e Heinz Steven (RWTUEV).

e Karen Vancluysen (POLIS).



Summary

Traffic flow measures are usually implemented to improve traffic flow, traffic safety
and/or to environmentally improve a neighborhood. The latter may include noise
considerations, but it is seldom the main issue when establishing traffic calming,
home zones and similar initiatives which may reduce the traffic volumes on streets
and in areas with dwellings. In some cases the response of those living along the
road may be that the noise situation has in fact deteriorated when various traffic
flow measures are implemented.

In this report traffic flow measures are assessed not only with regards to their impact
on noise levels, but also their effect on the annoyance experienced by those living
along the road. Although noise regulation and abatement for practical reasons is based
on noise levels, the overall aim must be to reduce the annoyance, sleep disturbance
and adverse health effects that the noise may cause. These effects should therefore be
considered in any scheme.

Measures aimed at reducing the traffic volume is one way of reducing noise.

On minor roads this may be an effective measure if traffic can be moved through
impeding through traffic. The road may be closed completely, or such traffic may

be discouraged through the use of humps, chicanes or other traffic calming measures.
Humps should preferably be round-top or in the form of narrow speed cushions.

On major roads reductions in traffic volumes are rarely feasible solutions to noise
problems. In specific cases it may be possible through building a by-pass around a
town or an area, or through parking information systems, if circulating vehicles
looking for parking constitute a large percentage of the traffic. Congestion charging
may reduce traffic volumes, but results indicate that there is little or no effect on
noise levels.

Although heavy vehicles and motorcycles are noisier than cars, cars often dominate
the Laeq levels. Even when this is the case, the noisier vehicles produce noise peaks
which may cause annoyance, disturbance and/or awakening. Noise from heavy
vehicles may be reduced through moving them to less vulnerable roads and areas,
or through city logistics initiatives, which concentrate freight in a city on fewer
vehicles. Nighttime bans or charging on heavy vehicles and perhaps motorcycles
may reduce problems of sleep disturbance but are likely to move some of the traffic
to the daytime and thus may worsen problems of disturbance and annoyance.



Speed reductions are a way of reducing traffic noise, providing that the necessary
measures do not lead to an increase in accelerations and decelerations. For both
light and heavy vehicles the largest reductions are achieved at low speeds. At speeds
below 50 km/h, noise reductions of 2-3 dB L., are realistic as a result of 10 km/h
reductions in actual speeds. A number of traffic claming measures may be used to
reduce speeds on minor and in some cases also on major roads, but on many large
urban roads, most traditional traffic calming measures are inapplicable. On such
roads, speed limits enforced through automatic traffic control (ATC) or by police
enforcement is the main measure available. Calming green waves may also be a
possibility, but this needs to be confirmed.

Stop-and-go driving leads to higher noise emissions, because accelerating vehicles
make more noise than vehicles driving at a steady pace. Several surveys have
shown that roundabouts lead to less noise than intersections with or without
signalization. This is to a large extent because more vehicles can pass without
having to come to a complete stand-still. Coordinated signalization in the form

of calming green waves may also be a measure to secure more even driving patterns.
This needs further testing.

There is a need for further research in finding the optimal distance between various
traffic flow measures in order for traffic to maintain a steady speed. For chicanes

and road narrowing there is also a need for further knowledge about the noise and
annoyance effects, especially when various forms of overrun areas are used in
chicanes. The effects of various layouts of junctions on noise and annoyance also
needs clarification. Calming green waves appear to be a promising measure for
securing even driving patterns at low speed, and thus also for noise reduction.

The initial results found in the literature merits further surveys to clarify the potential.
‘Rest on red’ and ‘rest on green’ signalizing schemes may have potential for noise
reduction. This should be studied further.



Sammenfatning

Tiltag til at pavirke trafikafvikling har seedvanligvis til formal at gge vejes kapacitet
eller at forbedre trafiksikkerheden og/eller nermiljoet i et omrade. Det sidste formal
kan omfatte trafikstej, men stgj er sjeeldent hovedformalet, nar der trafiksaneres eller
pa anden made gennemfores tiltag, som kan reducere trafikmengden pa gader og i
omrader med boliger. I nogle tilfzelde kan reaktionerne fra de personer, som bor langs
vejene, vare, at stgjsituationen ligefrem er forvaerret i forbindelse med gennemforel-
sen af forskellige former for trafikafviklingstiltag.

I denne rapport vurderes trafikafviklingstiltag ikke kun ud fra deres indflydelse pa
stojemissionerne fra trafikken, men ogsa ud fra deres effekt pa den oplevede stgjgene
hos de personer, som bor langs vejen. Selv om regulering og bekaempelse af trafikstoj
af praktiske grunde er baseret pa stgjniveauer, ma det overordnede mal vaere at reduce-
re stgjgener, sgvnforstyrrelser og negative helbredseffekter, som stojen forérsager.
Disse effekter ber derfor overvejes i1 forbindelse med et hvert trafikafviklingstiltag.

Tiltag rettet mod reduktion af mangden af trafik er en médde at reducere stgj. P4 min-
dre veje kan dette veere effektivt, hvis trafik kan flyttes ved at hindre gennemfartstra-
fik. Vejen kan lukkes helt, eller den kan geres mindre attraktiv som gennemfart ved
hjelp af bump, chikaner eller andre former for trafiksanering. Bump ber vaere cirkel-
eller sinusformede eller udformes som smalle pudebump.

P4 storre veje er reduktioner i trafikmangden sjeeldent en farbar vej til lgsning af stej-
problemer. I enkelte tilfaelde kan det vaere muligt at reducere trafikmangder ved at
bygge en omfartsvej, eller det kan geres med parkeringsinformationssystemer, hvis en
stor del af trafikken udgeres af biler, der cirkulerer og leder efter parkering. Bompen-
ge og road pricing kan fore til reducerede trafikmeengder, men erfaringerne viser, at
det har begraenset eller ingen effekt pa stejniveauerne fra trafikken.

Tunge karetgjer og motorcykler stojer mere end personbiler, men alligevel er det nor-
malt personbilerne der er afgerende for Lacq-niveauerne. Selvom dette er tilfeldet, er
de mere stgjende tunge keretgjer og motorcykler &rsag til maksimalniveauer som kan
forarsage gene, forstyrrelse og/eller opvagnen. Stej fra tunge keretgjer kan reduceres
ved at flytte trafikken til mindre folsomme veje og omréader eller gennem citylogistik,
som koncentrerer godsmangden i en by pa faerre koretojer. Nat-forbud eller -afgifter
for tunge koretojer og eventuelt motorcykler kan reducere problemer med sevnforstyr-
relser. Sddanne tiltag vil imidlertid formentlig flytte en del af trafikken til om dagen,
hvilket kan forveerre problemer med forstyrrelser og gene.



Hastighedsreduktioner kan reducere trafikstej under forudsatning af, at de nedvendige
tiltag ikke forer til stigninger i omfanget af accelerationer og opbremsninger. Bade for
lette og tunge keretajer opnas de sterste stgjreduktioner ved lave hastigheder. Ved ha-
stigheder under 50 knv/t er det realistisk at opnd stejreduktioner pa 2-3 dB Lacq som
resultat af en reduktion i den reelle hastighed pa 10 kim/t. En reekke trafiksaneringsvir-
kemidler kan bruges til at reducere hastigheder pa mindre — og i nogle tilfalde ogsa
storre — veje, men pa mange storre veje 1 byer kan de fleste trafiksaneringsvirkemidler
ikke bruges. Pa sadanne veje er hastighedsbegraensninger, som handhaves med auto-
matisk trafikkontrol (ATC) eller af politiet, det primeere virkemiddel, som er til radig-
hed. Hastighedsdempende gronne balger kan ogsa vaere en mulighed, men dette ber
undersgges n&rmere.

Korsel med ujeevn hastighed forer til hgjere stojemissioner, fordi accelererende kare-
tajer stgjer mere end keretgjer, der karer med jevn fart. Flere undersggelser har vist,
at rundkersler giver mindre stgj end kryds med eller uden lysregulering. Dette skyldes
1 hej grad, at flere koretgjer kan passere uden at skulle stoppe helt op. Koordinerede
signaler i form af hastighedsdeempende grenne belger kan ogsa vere et middel til at
sikre jevnere karemenstre. Dette ber undersgges nermere.

Der er behov for yderligere undersggelser for at finde den optimale afstand mellem
forskellige former for trafiksaneringsvirkemidler for at sikre en trafikafvikling med
jevn hastighed. For chikaner og vejindsnavringer er der ogsa behov for mere viden
om effekten pa stgj og stgjgene, ikke mindst nér forskellige former for overkerselsare-
aler benyttes i chikaner. Effekten af forskellige former for krydsudformning pé staj og
gene ber ogsa undersages yderligere. Hastighedsdempende grenne belger fremtraeder
umiddelbart som et lovende middel til at sikre jevne kerselsmonstre ved lave hastig-
heder, og dermed som et middel til at reducere trafikstgj. De resultater, som er fundet i
litteraturen, laegger op til yderligere undersegelser for at vise potentialet. 'Red hvile’
og ’praference’” ved signalanlag kan have potentialer for stejreduktion. Det ber un-
derseges n@rmere.

! Signalanlagget viser redt i alle retninger, indtil en retning bliver aktiveret.
? Signalet viser gront for hovedfardselsretningen, indtil den sekundaere retning bliver aktiveret.



1. Introduction

According to the European Commission Green Paper on noise “around 20 percent

of the Union’s population or close to 80 million people suffer from noise levels that
scientists and health experts consider to be unacceptable, where most people become
annoyed, where sleep is disturbed and where adverse health effects are to be feared.
An additional 170 million citizens are living in so-called ‘gray areas’ where the noise
levels are such to cause serious annoyance during the daytime” [EC, 1996, p. 2].

The majority of these people are subjected to noise from road traffic.

The noise emission limits for new vehicles have been tightened over the years without
this resulting in lower noise levels along the roads. The need for means to reduce road
traffic noise is therefore great. The choice of pavements is one aspect in controlling
the noise emissions from road traffic, and the choice of tire is an important factor

for the emission from individual vehicles. Both of these aspects are included in the
SILENCE project in sub-projects C and F.

Traffic flow is also a factor — in addition to vehicle, tire and road design — in deciding
traffic noise emission levels. A steady traffic flow without accelerations and decelera-
tions help reduce noise, as does speed reductions, reductions in the percentage heavy
vehicles and reductions in overall traffic levels. None of these approaches provide
solutions to noise problems when used individually, as the effect of each of them is
usually limited to a few dB, but by combining various traffic flow measures with
measures aimed at roads, vehicles and tires, it should be possible to achieve substan-
tial noise reductions.

The use of traffic flow measures to reduce noise from road traffic is the subject of
SILENCE Sub-project H. Work package H1, of which this report is a part, focuses

on methods for noise control by traffic management. Together with WP H2 (roadside
and in-service noise test methods) and WP H3 (driver assistance systems for quiet
vehicle operation), this work package will produce a toolkit which can be used by
authorities to reduce noise from road traffic through initiatives aimed at the traffic
flow. This report, which is based on a thorough literature study, assesses the effective-
ness and benefits of various traffic flow measures on noise control.

Traffic flow measures are usually implemented to improve traffic flow, traffic safety
and/or to environmentally improve a neighborhood. The latter may include noise
considerations, but it is seldom the main issue when establishing traffic calming,
home zones and similar initiatives which may reduce the traffic volumes on streets
and in areas with dwellings. In some cases the response of those living along the
road may be that the noise situation has in fact deteriorated when various traffic
flow measures are implemented.

"



In this report traffic flow measures are assessed not only with regards to their impact
on noise levels, but also their effect on the annoyance experienced by those living
along the road. Although noise regulation and abatement for practical reasons is based
on noise levels, the overall aim must be to reduce the annoyance, sleep disturbance
and adverse health effects that the noise may cause. These effects should therefore be
considered in any scheme.

1.1 The report contents

In Chapter 2 basic traffic noise relations are presented. These relations regarding
traffic volume, speed, acceleration and composition are necessary to evaluate the
effect on noise levels of various traffic flow measures.

Chapter 3 reviews surveys on the effect of various measures on traffic flow, noise
levels and annoyance. For some measures, few results of such surveys have been
reported, and the conclusions to be drawn are therefore sparse for these measures.
For other measures the effects are highly dependent on local conditions as to the road
network layout, traffic composition and other physical and traffic related parameters.
The effects of such measures can only be described in general terms based on the
relations presented in Chapter 2. The specific noise and annoyance effect will have to
be assessed from case to case based on the effects on traffic. This could be measures
such as parking control systems or nighttime bans on trucks.

A catalogue of the various measures and their effects is presented in Chapter 4 and
Chapter 5 draws up some general conclusions on the findings in the report.

1.2 Noise metrics
The literature studied in preparation of this report uses a variety of noise metrics.
These are:

® Lacqr Or just Lo, which is the energy equivalent A-weighted sound pressure level
during the period T. This is the constant sound level which during the period T
produces the same sound energy as the varying sound levels from the traffic. Lpgy
which is used for noise mapping according to the European Noise Directive
(2002/49/EC) is based on L.

e Lagor SEL (Sound Exposure Level), which is the total sound energy over a period
(for example the duration of a single noise event) normalized to a duration of 1
second. Laeqr = Lag — 10 log T, where T is given in seconds.

®  Lamax OF Lapmax, Which is the maximum sound level produced by a single event (in
this case the passing of a vehicle) with time weighting “F”, corresponding to an av-
eraging time of 0.25 seconds.

e Lo, which is the sound pressure level exceeded 10 percent of the time.



It is not possible to directly compare these different metrics. Lacq and Lag for the same
event will differ in level, but a change of 1 dB in Ly will also be a change of 1 dB in
Lag. Changes in sound pressure levels will usually correlate for all four metrics, but
changes in Lam.x and Lo will in general not be of the same magnitude as changes in
Laeq and Lag, and there may be situations where a short impulsive noise event changes
Lamax Without significantly influencing the other metrics.

All sound pressure levels are referred to the reference sound pressure 20 pPa.
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2. Basic traffic - noise relations

When evaluating the noise effect of various traffic management measures, there are
four common parameters to take into account: traffic volume and composition, speed
and driving pattern. The traffic volume may change on a road because traffic is moved
from one road to another, or it may change because the implemented measures dis-
courage or encourage people from driving altogether. Trips may not be taken at all,

or there may be a change in modal split because private cars become more or less
attractive compared with public transportation, bicycles or walking.

Reducing speed and thereby improving traffic safety is often a major reason for the
implementation of a number of the traffic flow measures, which are included in this
report. Even in cases where this is not the aim, changes in driving speed are likely to
occur as an effect of changes to traffic volume, composition and road layout. These
factors and various measures in themselves are also likely to affect the driving pattern,
causing an increase or decrease in the accelerations, stop-and-go driving, etc.

2.1 Traffic volume

Changing the traffic volume affects the noise levels. Given that the traffic composi-
tion, speed and driving patterns are unchanged, the logarithmic nature of the dB scale
means that a 50 % reduction of the traffic volume results in a 3 dB reduction in noise
level, regardless of the absolute number of vehicles. Table 2.1 shows the effect on
noise of changes in the traffic volume.

Table 2.1. The effect on noise levels of changes in traffic volume (Bendtsen et al., 1998).

Reduction in traffic volume Reduction in noise (La¢q)
10 % 0.5dB
20 % 1.0 dB
30 % 1.6 dB
40 % 2.2dB
50 % 3.0dB
75 % 6.0 dB

A reduction in the traffic volume on a road will often lead to increases in speed
because the remaining vehicles can drive more unhindered unless measures are
taken to keep speed down. Increased speed will work against the reductions in
noise caused by the reduced traffic level. If traffic flows more freely, this is also

a change in driving pattern. Decreases in the number of accelerations and decelera-
tions are likely to result in lower noise levels. However, more room for driving may
also lead to harder accelerations, which will increase the noise emissions.



2.2 Traffic composition

The composition of the traffic on vehicle categories is important for the noise levels.
Figure 2.1 shows Lag noise levels from light vehicles (< 3.5 tons), medium heavy
vehicles (3.5-12 tons; 2 axles, 6 wheels) and heavy vehicles (> 12 tons; 3 or more
axles, here represented by an average of 5 axles) according to the Nordic prediction
method Nord2000 Road [Kragh et al, 2006].

There is a clear difference in noise levels depending on the size of the vehicles. At
60 km/h for instance the Lg level ten meters from a heavy vehicle is 85 dB, from
a medium heavy it is 82 dB, and for a light vehicle it is 77 dB. This means that one
heavy vehicle produces as much noise as two medium heavy or 6-7 light vehicles.
At 30 km/h, where the difference between light and heavy vehicles is even greater,
one heavy vehicle is as noisy as 14-15 light vehicles.
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Figure 2.1. Noise levels (L,, at 10 m) from various vehicle categories at constant speed
according to Nord2000 Road [Kragh et al, 2006].

Figure 2.2 shows German results of noise emission as Lamax from various categories
of road vehicles in free flowing traffic [Steven, 2005]. There are some differences
compared with the L,g based figures of the Nord2000 Road model, but the overall
picture is the same.
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In reality the effect of the heavy vehicles is usually not as important as these figures
suggest. On most urban roads, the heavy vehicles only account for a small percentage
of the total traffic. In combination with the usually higher speed of the light vehicles,
the effect is that the light vehicles usually dominate the noise emissions. On most
high speed roads — especially on motorways — the speed of the light vehicles is
considerably higher, and these therefore also dominate the noise emission in these
situations even though the percentages heavy vehicles often are fairly high. Only in
cases with very high percentages heavy vehicles and/or small or no difference in the
speed of light and heavy vehicles will the heavy vehicles dominate the L levels
from a road.

Although the heavy vehicles usually do not dominate the noise emissions given as

L acq, they represent peaks in the emitted noise which may annoy and disturb those
living, working, walking or leisuring along the road. At night the peak levels caused
by the heavy vehicles represent noise events which may wake up people living along
the road. According to Griefahn (1985, 1992) the awakening frequency increases
with increasing number of noise events exceeding a certain L. level up events

per night (Figure 2.3).
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Figure 2.2. Average L, values for different vehicle categories and freeflowing traffic
[Steven, 2005]. LDV is light goods vehicle (a van), HDV is heavy goods vehicle (a truck).
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Figure 2.3. Number of awakenings as a function of the number of noise events per night

[Griefahn, 1985; Griefahn, 1992].

2.3 Speed and noise

Figure 2.1 and Figure 2.2 show the relations between speed and noise levels for
various vehicle categories under conditions of free flowing traffic. Figure 2.4 shows
the emissions of a single vehicle — a compact car — during acceleration. The propul-
sion noise (Lyyp) increases with increasing engine revolutions. That is, it increases
with increasing speed within the same gear, but drops when the driver shifts to a
higher gear. There is, however, also an overall tendency towards increasing noise
levels at higher gears, and thereby at higher speed.

In the source model of the road traffic noise model, which was developed in the EU
project HARMONOISE, default propulsion noise is given by the equation [Jonasson
et al, 2004]:

LWR(f):aP(f)+bP(f iy ’

Vrer

where ap(f) and bp(f) are specific coefficients for each '3-octave band.
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Thus, in the HARMONOISE model there is also a clear engine noise dependency on
the driving speed. The equation is valid for free flowing traffic at constant speed. Cal-
culations are done in % octave bands. The model does not include engine speed, as
this would not be practical in a noise model of this sort. This information usually is
not available when modeling overall noise levels from the traffic flow on a road.

85 T ‘ ‘ T 200
compact car, 81 kW, average driving behaviour \ /
-+ 180
80 + T
= T 160
75 ¢ > = T 140 o
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T , - -1 120 ¢
& 70 —— = + £
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55 ——Ltot, ave
1 - - - Ltot_wot, ave 20
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50 ! I I R e T )
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timeins

Figure 2.4. Contribution of vehicle noise sources during acceleration, exemplified by a
compact car. The dotted lines are the noise from the accelerating car. The fully drawn
lines show the noise level as it would be at the given speed without acceleration. The

line labeled ‘v, ave’ shows the vehicle speed. [Steven, 2006].

The tire/road noise — the rolling noise (L,o;) — increases with increasing speed.
The noise level depends on the tires and the type and aggregate size of the road
surface. An example of the dependency on pavement type from Nord2000 Road is
given in. Figure 2.5 In the HARMONOISE model, default tire/road noise based
on an average of DAC0/11 and SMAO0/113 pavements at 20°C is given by the
equation [Jonasson et al, 2004]:

Lou()=ag(£)+b, (f)lg{L},

Vres
where ag(f) and br(f) are specific coefficients for each 3-octave band.

As for the propulsion noise, the noise levels are calculated separately for each '
octave band. A simpler way in this context to present the effect of changes in speed
is therefore to use the results derived by Andersen (2003) from measurements of
more than 4000 vehicles carried out in 1999 and 2000. The effect of speed changes
(driving with constant speed) is given in 10 km/h intervals in Table 2.2.

3 Dense Asphalt Concrete and Stone Mastic Asphalt with 0-11 mm aggregate.



The speed reductions in the table are actual reductions, not changes in speed limits.
The overall effect will depend on the share of light and heavy vehicles in the total

traffic.

Correction [dB]

SMA

- - = =DAC

Max. aggregate [mm]

11 12 13 14 15 16

Figure 2.5. Correction AL

surface

for maximum aggregate size for SMA and DAC pavements

according to Nord2000 Road [Kragh et al, 2006].

Table 2.2. The effect of speed reductions on noise [Andersen, 2003. p. 15 and p. 21].

Reduction in speed

From 130 to 120 km/h
From 120 to 110 km/h
From 110 to 100 km/h
From 100 to 90 km/h
From 90 to 80 km/h
From 80 to 70 km/h
From 70 to 60 km/h
From 60 to 50 km/h
From 50 to 40 km/h
From 40 to 30 km/h

Noise reduction (L,g, dB) Noise reduction (Lg, dB)
from light vehicles from heavy vehicles

1.0 -

1.1 -

1.2 -

1.3 1.0
1.5 1.1
1.7 1.2
1.9 1.4
23 1.7
2.8 2.1
3.6 2.7
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2.4 Uneven driving and noise

The effect of the driving pattern on noise is important to take into account when
evaluating the noise effect of various traffic management measures. Installing road
humps, changing the layout of road sections and intersections, setting up signs of
speed reduction, etc. are all initiatives which are likely to change the way people
drive. This may cause an increase or decrease in the number and intensity of accelera-
tions and decelerations.

As can be seen in Figure 2.6 there is a correlation between acceleration and noise for
passenger cars. For low speeds around 30 km/h the average noise increase due to ac-
celeration is 2 dB. For normal urban speeds around 50 to 60 km/h the increase due to
acceleration is 1 to 1.5 dB. At high speeds the increase is marginal. In each individual
case the noise increase depends on the level of acceleration.
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Figure 2.6. L, values versus vehicle speed for cars in free flowing traffic and during
acceleration. The measurements have been done on actual traffic [Steven, 2005].

Similar relations are drawn by Steven (2005) for light goods vehicles (LGV), heavy
goods vehicles (HGV) with power ratings below 75 kW, between 75 and 150 kW, be-
tween 150 and 250 kW and higher than 250 kW. The same tendency to an increase in
noise during acceleration is seen for all these vehicle categories. The differences at 30
and 50 km/h can be seen in Table 2.3. This is also seen when comparing figure 2.7
with Figure 2.2.



Table 2.3. Differences in noise emissions between accelerating vehicles and vehicles
driving at steady speed at 30 and 50 km/h [Steven, 2005].

Vehicle category At 30 km/h At 50 km/h
Car 2.0 1.4
LGV 35 2.3
HGV, Pn <75 kW 4.4 3.5
HGV, 75 kW <Pn <150 kW 4.4 3.6
HGV, 150 kW <Pn <250 kW 35 3.0
HGV, Pn > 250 kW 3.5 2.7
95 T cars - LDV
——HDV up to 3 axles —&— HDV more than 3 axles
I —e—public transport buses —e—HDV, Pn < 75 kW
%0 —B-HDV, 75 kW <= Pn < 150 kW ——HDV, 150 kW <= Pn < 250 kW
] —a—HDV, Pn >= 250 kW
85 T -~
m €
£80 L 4
-] 1
E 1
0 75
© 1
(0]
& T
70 +
65 |
60”1 1 L e e S A e B B e e e L
0 10 20 30 40 50 60 70 80 90 100
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Figure 2.7. Average L, values for different vehicle categories and accelerating
vehicles. Measurements have been done on actual traffic, so accelerations are at levels
which are realistic on roads [Steven, 2005].
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The increased propulsion noise levels due to accelerations are calculated from the fol-
lowing equation in the HARMONOISE model [Jonasson et al., 2004]:

AL, =Cxa for-2m/s’< a <2 m/s’

where:
a is the acceleration/deceleration in m/s>
C is 4.4 for light vehicles and 5.6 for heavy vehicles.

Thus, the HARMONOISE model does not only give an increase in noise for accelerat-
ing vehicles but also a decrease for decelerating vehicles. The exemption from this is
for HGVs with 3 or more axles, where the numeric value of a should be used when
the vehicle is using the engine to brake, for example on downhill gradients. Table 2.4
shows examples of the effect of accelerations and decelerations on propulsion noise at
50 km/h according to the HARMONOISE model. At speeds higher than 50 km/h the
effects of changes in driving style will decrease due to the increasing contribution of
tire/road noise.

The effect of traffic management measures on noise levels is often small, and the main
effect is usually due to changes in speed. However, even when noise is reduced due to
reduced speed, annoyance to those living along the road may increase because the
measures also result in uneven driving patterns with accelerations and decelerations.
These do not necessarily change the overall noise level very much, but where the
noise without the measures may have been a steady sound, the accelerations and de-
celerations cause the “sound picture” to shift, thus making it more noticeable. This is
important to consider when installing traffic management measures, and it will be
treated further in the following chapter.

Table 2.4. Noise effect (dB) of accelerations and decelerations in the HARMONOISE
model in relation to a reference case of constant speed 50 km/h [Bendtsen et al., 2004].

Acceleration/deceleration Vehicle type Noise influence Note

1 m/s* Light +1.7dB Moderate acceleration

2 m/s® Light +4.5dB High acceleration
0.5 m/s Heavy +2.1dB Moderate acceleration

1 m/s* Heavy +4.5dB High acceleration

-1 m/s? Light -0.8dB Slow deceleration

-2 m/s’ Light -1.2dB High deceleration
-1.5 mvs? Heavy, 2 axles -45dB Moderate deceleration
-1.5 m/s? Heavy, 3 axles +4.5dB Moderate deceleration




3. Traffic flow measures - effects
on driving pattern, noise emission
and annoyance

Based on a literature study, this chapter presents the effects of various traffic flow
measures on noise and annoyance. As several of the studied measures have not been
subject to surveys of noise and noise annoyance, the effect on driving patterns is
included whenever available as this may give some indication of the effect on noise
and annoyance.

In Section 3.1 the basic elements of many traffic calming schemes — humps, chicanes,
cycle lanes, gateways and rumble devices — are examined. Mini-roundabouts, which
also are common in traffic calming, are treated in Section 3.2 along with other meas-
ures related to junctions. Section 3.3 covers dedicated lanes, primarily bus lanes,
which are likely to influence traffic speed and flow through the allocation of carriage-
way space and possibly through a separation of different vehicle types. In Section 3.4
speed signs and other signs aimed at influencing traffic flow are examined, and Sec-
tion 3.5 covers the effects of using automatic traffic control (ATC) to keep driving
speed below the limits. Section 3.6 with the title “Other measures” briefly discusses
the effects of congestion charging, parking information systems and nighttime bans on
traffic.

Many measures — taxes, park-and-ride schemes, by-passes and many others — have
effects on traffic volumes but no other specific effects on traffic flow. Using various
noise prediction methods — for example NORD2000 or Harmonoise — the effect of
such measures on noise levels may easily be calculated based on the changes in the
traffic volumes. Such changes are likely to differ from city to city and even from road
to road. Planners will have to model the local noise effects in each case based on the
changes in traffic volumes.

The cases with congestion charging in London and Stockholm, which are discussed

in Section 3.6, show that noise levels do not necessarily change even if traffic volumes
are reduced. This may be due to higher speeds or changes in driving pattern made
possible by the reduced congestion. Such effects should be taken into account when
modeling effects of this type of more general measures.

3.1 Traffic calming

Traffic calming schemes are usually implemented with the main objective to reduce
speeds, and on residential roads often also to reduce traffic volumes by discouraging
drivers without a local errand from using these for through traffic.
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The overall effect on noise of a traffic calming scheme is highly dependent on the
design of the scheme. The design determines the effect the scheme has on speed
and driving patterns. A poorly designed scheme may only result in small speed
reductions, or even worse — in a noise context — in drivers braking and accelerating
at the individual measures in the scheme, so that the noise reductions are negligible
and annoyance and perhaps also the noise levels even increase.

On the other hand, properly designed schemes may result in even driving patterns

at reduced speed, whereby the noise levels may be reduced as much as 3-4 dB for
Lacq and up to 7 dB for Lamax [Hedstrom, 1999; Doldissen, 1988; Bendtsen, 1987].
The highest noise reductions may be achieved on roads with no or very few heavy
vehicles. This is in accordance with the findings above that noise emissions of heavy
vehicles are less speed dependent than emissions from light vehicles, especially at
low speeds.

The Danish guidelines for distance between speed reducing measures are shown
Table 3.1. These guidelines are set so that speed reducing measures aimed at reducing
the speed to 5 km/h bellow the desired speed should result in an average speed
between the measures which is approximately 5 km/h higher than the desired speed.

Table 3.1. Danish guidelines for distances between speed reducing measures [DRD,
2000, Authors translation].

sl el Advised distance Maximum distance
between measures between measures
50 km/h 150 m 250 m
40 km/h 100 m 150 m
30 km/h 75 m 75 m
10-20 km/h 20 m 50 m

The Danish guideline for 30 km/h matches the advice given by the UK Department for
Transport. Based on results from 250 20-mph (=30 km/h) speed limit zones in the UK
DST advises that physical traffic calming measures should be spaced 60-70 m apart
[DIT, 1999]. The results indicate average speed reductions of 9 mph (14.5 km/h) at
locations where various traffic calming measures have been implemented. According
to Table 2.2 this should result in noise reductions of 3-5 dB depending on the percent-
age heavy vehicles. At locations without traffic calming measures, where only signs
were used, average speed reductions of 1 mph (1.6 km/h) were found.

Smaller noise reductions were found by Webster et al. (2006) in a study of home
zone schemes in the UK. At a raised shared surface noise levels (Lajo, 1sn) were
reduced by 1 dB at a speed reduction of 4.1 mph (6.6 km/h). This is a slightly smaller
reduction than would be expected according to Table 2.2. On average for seven
schemes speed reductions of 4.7 mph (7.6 km/h) were recorded.




In Austria before-and-after measurements of noise effects of implementing 30 km/h
zones as opposed to previously 50 km/h showed noise levels (L) to decrease by
1-2 dB. The actual effect on speeds is unknown to the authors.

In a study from the Danish Road Directorate [Rosbach et al, 1996], the effect of 21
environmentally adapted through roads was assessed. Traffic calming of the 21 roads
resulted in speed reductions of on average 10 km/h. The focus of the study is on traffic
safety, so noise and driving patterns have not been studied, but at the relevant speeds
close to 50 km/h the effect on the L4 levels should be about 2 dB, provided that the
driving patterns are even. A repeated study ten years later [Wellis et al, 2004] showed
that the speed reductions registered during the first study were still valid. Thus, there
were no signs that driver customization to the schemes had led to increases in speed.
This is also the finding of Wheeler and Taylor (1999) in a study of traffic calming of
major roads in villages in the UK. They found mean speed reduction of 2-12 mph
(3-19 km/h) and a general pattern of noise reductions (A- and C-weighted and number
of maximum events) corresponding to the change in speed.

These results on traffic calming in general indicate that it is possible to achieve noise
reductions (Laeq) of up to 4 dB if the schemes are properly designed. This implies a
proper spacing between the various measures.

Vertical deflections

Vertical deflections are humps, speed cushions and raised junctions. This type of
measure seems to be the most thoroughly assessed traffic flow measure when it comes
to noise. Especially TRL in England has been very active in studying the noise and
annoyance effects.

Abbott et al. (1995a) concludes based on a survey of hump sites in the UK that maxi-
mum noise levels from light vehicles traveling over and between cushions were not
significantly different from each other when normalized for speed. Noise levels were
lower at the cushions than between cushions, because the speed was lower. Noise
levels at a reference speed of 25 km/h varied between different cushion sites. It is hy-
pothesized that this may be due to differences in construction — asphalt/block paving
or steepness of the on/off gradient — but the data set is too small for definite conclu-
sions. For buses, the noise levels at the cushions were more than 2.5 dB higher than
the levels between cushions after normalizing for speed differences.

Generally it was concluded that increased distance between the humps led to increased
speed, and thereby to increased noise levels. At one location with a distance of 50
meters between cushions, speeds about 30 km/h were registered both at and between
cushions. The difference in noise levels at and between cushions was 0.5 dB. At
another site, also with 50 m between cushions, speeds of 22.4 and 21.4 km/h were
registered at a single and a double pair of cushions respectively, and 27.0 km/h was
registered between the cushions. Differences in noise levels of 2.2 and 0.7 dB were
recorded. At a site where the distance between humps was 80 m, the speed was 23.5
and 22.1 at the cushions and 33.5 km/h between the cushions. Differences in noise
levels were 3.9 and 5.6 dB.
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Picture 3.1. Speed cushions on Sportsvej in Glostrup, Denmark, where the advised speed
is 40 km/h. Heavy vehicles can straddle the cushions whereas cars have to drive with at
least one wheel pair on the cushion (Photo: L. Ellebjerg, DRI).

Abbott et al. (1997) reports that although noise levels are reduced also at sections
with long distances between the humps, there are complaints about noise from the
residents. This is not the case along sections with short distances, where the driving
patterns are more even.

Abbott et al. (1995b) reports on the results of controlled pass-by measurements of
noise from light vehicles, buses and trucks on a test track with level road and various
designs of speed control cushions (3 narrow — width less than 1700 mm — and 4 wide)
and road humps (1 flat-top and 1 round-top). For light vehicles the change in noise
levels with speed was independent of the road profile over the speed range 15-40
km/h. For all hump profiles, the noise level and speed functions derived from a
passenger car and normalized to 25 km/h were similar to those obtained for a level
road with similar surface characteristics. Also for buses the average noise level nor-
malized to a speed of 25 km/h were similar for all road profiles, including level road.

For trucks the average noise levels for the narrow cushions were similar to those for
level road when normalized to 25 km/h. The other profiles resulted in significantly
higher noise levels, on average 10 dB for the wide cushions and 8 dB for the humps.
Noise levels for the flat-top hump were on average 8 dB higher than for the round-
top hump. Maximum noise levels from the trucks increased by 2.0 dB at the narrow
cushions, 8.0 dB at the wide cushions and 2.0 dB at the humps (round-top: -2.0 dB,
flat-top: 6.0 dB). The trucks were selected to be worst-case in the sense that they were
prone to the generation of body noise. Therefore a more representative sample may
lead to lower noise levels.



Harris et al. (1999) tests the noise (average and maximum levels) and vibration

effects of sinusoidal, round-top and flat-top humps. For light vehicles no differences
are found between the various hump designs. The noise levels at the humps were
lower than those measured next to a control surface, and vibration levels were only
marginally higher than the background levels. For the bus the sinusoidal hump
resulted in distinctly lower noise levels than the other hump designs. The highest
noise levels were found alongside a flat-top hump with straight ramps. This hump
also gave the highest vibration levels. The round-top hump gave lower vibration levels
than the sinusoidal hump. For the trucks the flat-top humps also resulted in the highest
noise levels. The sinusoidal humps resulted in slightly lower maximum noise levels
than the other humps, whereas the average levels were similar to those found at the
other humps. The flat-top humps also resulted in significantly higher vibration levels
than the other hump designs. For both buses and trucks it is stated that the pattern in
noise levels is the same for both A- and C-weighted levels, which indicates that the
changes are not limited to the low frequencies, where engine noise dominates.

In a report on environmental assessment of a traffic calming scheme in Havant, UK,
it is concluded that “at sites positioned alongside and between cushions, light vehicle
noise was reduced by about 6 and 5 dB(A) respectively...due to changes in vehicle
speeds...and not influenced by any other changes in the style of driving” Cloke et al.
(1999, p. 48). The cushions were spaced 30 — 70 meters apart. Speeds of 30-40 km/h
were registered at and between the cushions.

At another scheme in Gloucester, UK, Abbott et al. (2003) registered mean speed
reductions of 7 — 13 mph (11 — 21 km/h) on road sections with cushions, humps and
raised junctions. Maximum vehicle noise levels from light vehicles are reduced by
5.2-5.3 dB alongside cushions and humps. 4.7 and 6.5 dB were expected based on

the change in vehicle speed. 6.6 dB (expected: 7.4) was registered at a raised junction,
and 2.7 dB (expected: 4.5) was registered on a section between cushions. The lower-
than-expected noise reductions at humps, the raised junctions and between humps
may be due to accelerating vehicles. The higher-than-expected noise reductions at the
cushions are less easily explained. However, measurement uncertainty also plays a roll
in explaining these small variations.

For heavy vehicles a slight and statistically not significant increase in noise was
registered at the hump, the raised junction and between the cushions, and a slight,
statistically not significant decrease at the cushions. There were occurrences of body
rattle from heavy vehicles. In some cases it “...did not substantially affect the maxi-
mum A-weighted pass-by noise level, but the impulsive, and in some cases, tonal na-
ture of the noise would be expected to make the pass-by noise noticeable and therefore
potentially disturbing to nearby residents.” (Abbott et al., 2003, p. 61) For some heavy
vehicles the maximum pass-by levels increased substantially as a result of body noise.
For one vehicle a maximum level over 11 dB greater than at the level section of road
was measured. Still, the number of occurrences of levels exceeding 80 dB for 1 second
or more was reduced.
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When changes in traffic flow and composition was taken into account, reductions in
noise exposure were estimated to be 4.0 dB at the cushions, 3.1 dB between the
cushions, 6.0 and 3.3 dB at two raised junctions, and 2.4 dB at the hump. There
were no changes in the daytime C-weighted noise levels. This indicates that the low
frequency noise levels were unchanged.

In spite of the measured decreases in noise levels, annoyance from traffic noise
increased significantly, and many respondents to the questionnaire survey perceived
increases in traffic noise when indoors at home. Nuisance from noise and vibrations
indoors was correlated to the distance from the dwelling to the nearest traffic calming
measure.

French experiences show increases of 1-5 dB due to tire impact on the edge of the
hump and due to braking and accelerating. Therefore, road humps have been replaced
by other less noisy means such as carriageway narrowing (Bérengier, 2005). It is not
stated which types of humps are included in the survey.

In a Danish study of noise effects of road humps with design speeds of 30, 40, 50
and 60 km/h, Bendtsen et al. (2001) registered noise reductions (L,g) of up to 3.5 dB,
highest at the humps, and down to less than 1 dB between the humps. The 30-km/h
hump is a so called “H” hump according to terminology used by the UK Department
for Transport [DfT, 1998], the others are round top or modified round-top humps
designed for the given speed”.

Low frequency noise levels increased by up to 4 dB (at 63 Hz) for passenger cars,
LGVs and small trucks, and by up to 3 dB for trucks with more than two axles at the
humps as compared to between humps. At 250 Hz and higher frequencies the noise
spectra at and between humps do not differ. The increase in low frequency noise indi-
cates an increase in propulsion noise due to accelerations. No peaks in noise levels
from trucks due to body rattle or loose cargo was registered at any of the humps.
Apart from the 30-km/h section, the sections in the study comply fairly well with the
Danish guidelines for distance between speed reducing measures which are presented
in Table 3.1. A questionnaire survey showed that people living near the humps tend to
be more annoyed by traffic noise than those living between the humps.

* According to Danish guidelines, road humps should be designed so as to subject the driver
of vehicles with an acceleration of 0.7 G when driving across the hump at the design speed
in the case of light vehicles and at a speed 15 km/h below the design speed in the case of
heavy vehicles.
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Picture 3.2. A round-top hump on Veldegardsvej in Gentofte, Denmark, where the ad-
vised speed is 40 km/h (Photo: H. Bendtsen, DRI).

Based on Abbott et al. (1995a and b) and a TRL study of round-top humps in Slough
Berkshire, Traffic Advisory Leaflet 6/96 (DfT, 1996) advises on traffic and vehicle
noise in connection with traffic calming. A distance between cushions of 50 meters
is advised’. No clear advice is given for the distance between humps, but it is noted
that experience suggests that distances in excess of 100 meters encourage drivers to
accelerate between humps. In residential areas round-top humps are seen as the best
technique for keeping noise levels down, provided that the flow of HGVs is confined
to the normal working day. Speed cushions are stated to be less effective at reducing
speed, but where round-top humps are unacceptable, the use of narrow cushions

(up to 1600 mm wide) is advised. To limit noise nuisance from speed cushions, the
on/off ramps should be no steeper than 1:8.

Flat-top humps and wide cushions should not be used in residential areas where HGV's
require access late at night or early in the morning. Round-top humps may also pose a
problem under these conditions because vehicles generally are driven faster at night,
when there are no other vehicles present. At speeds exceeding 20 km/h at round-top
humps, vehicle noise levels from HGVs will increase significantly (See Figure 3.1).

> It is not stated at which speed this distance is advised.
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Figure 3.1. Comparing average noise levels for HGVs alongside various road profiles.
The humps are 75 mm high. The flat-top with on/off ramp gradients of 1:12 and a 6 m
plateau length. The round-top with an overall length of 3.7 meters. The cushions were
60-80 mm high and 1500-1900 mm wide with on/off ramp gradients of 1.8 and side
ramp gradients of 1:4. Trench and Ramp are profiles included to imitate old, worn and
poorly maintained pavements. [DfT, 1996, Abbott et al., 1995b].

The conclusion from these studies is that when properly spaced, so that accelerations
and decelerations are avoided, there is little difference between the noise effect of
various hump designs when it comes to light vehicles. For heavy vehicles, on the other
hand, round-top humps and narrow cushion (up to 1700 mm wide) are to be preferred.
If round-top humps are selected, it should be ensured that heavy vehicles do not pass
the humps at speeds exceeding 25 km/h, even when there is no other traffic to keep
speeds down. It may therefore be necessary to supplement the humps with other
measures. Flat-top humps and wide cushions should be avoided on residential roads
with heavy vehicles.

At a desired speed level of 30 km/h a distance between cushions of 50 m is to be
preferred. 30 km/h corresponds to a driving time between humps of 6 seconds.
Assuming that it is the driving time between humps, which determines the incentive
for drivers to accelerate, the preferable distances between cushions at speeds of 40
and 50 km/h are likely to be 67 and 83 meters respectively. This, however, needs to
be verified. Similar distances seem appropriate for humps, in order to keep driving
patterns even. This also needs verification.



Dummy humps

Only one study (Abbott et al., 2003) has been found of the effect of dummy humps.
Dummy humps are painted images on the road surface, which to the driver appears
to be humps, but where there is no actual vertical deflection. In the study from
Gloucester, UK, reductions in mean speed from 30 to 25 mph (48 to 40 km/h) were
recorded. According to Table 2.2 such a speed reduction should lead to a reduction in
average noise levels of approximately 2.5 dB, depending on the percentage heavy
vehicles and providing that there are no accelerations and decelerations. It seems
likely that drivers will habituate to the dummy humps, which will reduce the speed
effect and the noise reduction. This hypothesis of habituation should be verified or
rejected through further studies.

Horizontal deflections and road narrowing

Horizontal deflections in the form of chicanes are commonly used to reduce speed.
This is often done in combination with road narrowing so that vehicles only can pass
the chicane in one direction at a time. Therefore chicanes and road narrowing are
treated together in this section.

Picture 3.3. Chicanes in Saint-Sulpice, France (Photo: E. Rousseau, LRPC Blois).

TRL in the UK has carried out test track and on-road studies of the effect of chicanes
on vehicle speeds [Sayer and Parry, 1994; Webster, 1995; Sayer et al., 1998; DfT,
1994; DT, 1997]. The parameters which are relevant to describe a chicane and assess
its effect are shown in Figure 3.2 These parameters are the free view width (a), the
lane width (b=(b1+b2)/2) and the stagger length (1).
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Increasing the stagger length increases the mean speeds, whereas there is little effect
on speeds of varying the width of the approach lane. Changing the free view width
from +1 m to -1 m reduces mean speed by about 10 mph (16 km/h). Double chicanes®
result in 5 mph (8 km/h) lower speeds than those found through single chicanes, and
obscuring the forward visibility across buildouts reduces speeds by 2-4 mph (3-6
km/h). Chicanes which reduce the speed of cars to about 20 mph (30 km/h) reduces
the speed of buses to about 10 mph (15 km/h), but they are too tight for articulated
trucks to pass. [Sayer and Parry, 1994; DfT, 1994].

Sayer et al. (1998) compare 33 single lane and 16 two-way working chicane schemes
and find mean speed reductions of 12 and 11 mph (19 and 18 km/h) at chicanes and
7-8 mph (11-13 km/h) between chicanes. The speed reductions between chicanes
were higher for single lane (12 mph (19 km/h)) than two-way working chicanes

(6 mph (10 km/h)). One explanation for this difference may be that vehicles have

to wait for oncoming vehicles at the single lane working chicanes. However, the
distances between the chicanes are not known, so this may also be a reason for this
difference. Both the mean speed and the 85" percentile speed through the chicanes
are related to the path angle calculated as:

b—a
T

Path _angle =Tan™

Path angles of 15° should reduce the mean speed to less than 20 mph (30 km/h),

and angles of 10° generally result in mean speeds of 25 mph (40 km/h) or more.

In order to allow heavy vehicles to pass some chicanes were designed with overrun
zareas, for example in the form of slightly raised stone paving. At these chicanes on
average half of the cars ran over the overrun areas, and all observed trucks used at
least one area when passing a chicane. Vehicles driving over overrun areas are likely
to cause increased noise levels and shifts in the noise pattern which may cause annoy-
ance to people living near the chicanes.

% Chicanes which first displace the lane to the left and then to the right, or vice versa.
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Figure 3.2. Parameters considered in TRL tests of chicanes as a means of traffic calming

[Sayer et al., 1998, p. 4].

Marek and Walgren report on the effects of chicanes on traffic volume and speed in
Seattle, USA. The speeds on the roads can be seen in Table 3.2. It appears that 90 m or
less is a suitable distance between chicanes in order to achieve even driving patterns at

a speed of about 20 km/h.

Table 3.2. Speeds on roads with chicanes in Seattle, USA [Marek and Walgren].

Speed inside
chicane (km/h)

18
20
23
26

Speed between
chicanes (km/h)

27
23
26
33

Difference (km/h) Distance

9
3
3

7

between
chicanes (m)

128
90
90

*

137

" There is only one chicane. The stated distance is between the chicane and a ‘traffic circle’, a small roundabout.

33




34

Greibe and Nilsson (1999) states that narrowing the road through traffic islands, pinch
points, cycle tracks/lanes or parking lanes is slightly speed reducing. At one scheme a
“substantial reduction” was achieved by reduction of the number of vehicle lanes and
establishment of cycle track or parking lane. Narrowing a road to one lane is also seen
to be slightly speed reducing. It only works when there is oncoming traffic, and for
capacity reasons only at low traffic volumes. Chicanes (staggerings) are reported to be
less speed reducing than road humps.

Only one source [Bérengier, 2005], from France, has been found which reports on
noise effects of chicane schemes. Bérengier reports that 1-4 dB noise reductions have
been obtained in the center of locations with zigzag obstacles, but 1-5 dB increases at
the entrances and exits from the locations due to braking and accelerating.

Generally single lane working chicanes can be expected to cause braking and acceler-
ating because vehicles have to wait for oncoming traffic to pass. The more traffic
there is on a road with such chicanes, the more often vehicles will have to decelerate
and accelerate. This may increase noise levels and will certainly cause shifts in the
sound pattern which are likely to make the noise more noticeable and annoying to the
neighbors. Both single lane and two-way working chicanes have greater speed reduc-
ing effect for heavy vehicles than for cars. It is therefore likely that chicanes which
cause cars to drive evenly at a desirable speed will cause large vehicles to brake and
accelerate, which may cause annoyance to the neighbors. To the largest trucks such
chicanes are even likely to be impassable so that overrun areas are necessary. These,
however, are also likely to cause unwanted shifts in noise levels and/or patterns so
that annoyance to the road neighbors is increased. Further surveys are necessary to
gather knowledge on the noise and annoyance effects of chicane and road narrowing
schemes. Thus, from a noise perspective these measures should be used with some
caution, especially on roads carrying many heavy vehicles.

Cycle lanes

According to Abbott et al. (2003), the building of cycle lanes do not have significant
influence on vehicle speed. Greibe and Nilsson (1999) reports that road narrowing
through cycle lanes has a slight speed reducing effect. This is supported by Elliott

et al. (2003), who based on a literature review reports that cycle lanes have an effect
on speed of 1 mph (1.5 km/h), and a further 4 mph (6 km/h) when there is a cyclist
on the lane. Whether there is an actual speed reducing effect or not, as long as the
effect is only slight, the noise reductions will be negligible unless the changes also
significantly influence the driving pattern, which seems unlikely.



Gateways

Gateways are often used to mark entrances to areas or road sections with low speed
and often also traffic calming. As such they are aimed at raising the awareness of the
driver towards the change in conditions rather than being a separate speed reduction
measure. However, the gateways are often combined with traffic calming measures
such as chicanes or humps to secure speed reductions at the gateway.

Wheeler and Taylor (1999) report that various designs of gateways — often combined
with other measures — at different schemes led to speed reductions at the gateways
ranging from 3 to 13 mph (5-21 km/h) from before to after the implementation of
the schemes. The highest speed reductions are registered at gateways combined with
speed cushions, advance signing/countdown signs and/or road narrowing. Contrary
to these findings Kennedy et al (2005) report that gateways and colored patches of
pavement only show slight speed reducing effects. However, DfT (2004) also state
that gateways “...can act as a speed reducing measure if properly designed”. All in all,
evidence as to the effect of gateways alone is sparse, especially considering the great
variety in the gateways which have been implemented in different areas, towns and
countries. If gateways are used together with other speed reducing devices they may
support the speed reducing effect of these measures.

Rumble devices

Rumble devices may be in the form of short sections with paving stones, thermoplastic
strips across the road, milled grooves in the pavement or other measures which cause
vibrations and noise inside the vehicle.

Rumble devices are not intended as speed reducing as such but rather used to raise the
awareness of the driver. This could for instance be before entering a zone with traffic
calming, at pedestrian crossings or at some hazardous road layout. Although rumble
devices are not in themselves speed reducing, they are included here because they are
commonly used and usually result in increased noise levels also outside the vehicles.
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Bendtsen and Hgj (1990) have carried out Laeq noise measurements at five different
rumble devices and at corresponding reference points. The results are presented in
Table 3.3. Increases in noise levels along the road of 1.6 to 3.7 dB are measured.

In addition to these increases in levels it should be considered that the noise from

the rumble devices tend to pulsate. Impulse noise tends to be more annoying than
continuous noise, so the increase in annoyance is likely to be higher than the increase
in noise level s would indicate.

Table 3.3 Noise increases measured at different types of rumble areas
[Bendtsen and Hej, 1990].

Type of rumble device Dimension of rumble device Reference speed  Noise increase
km/h Laeq dB

Paving stones 7 m long section 60 1.6

Paving stones 15 m long section 50 2.1

Narrow thermoplastic strips 10 cm wide, 0.8 cm high 50 2.1

Wide thermoplastic strips 100 cm wide, 0.5 cm high 50 2.7

Milled groves in the pavement 15 cm wide, 1 cm deep 80 3.7

TRL have done trials of various designs of rumble surfaces aimed at producing noise
and vibrations inside vehicles without increasing noise emitted to the surroundings
[Watts et al., 2002]. The result is a sinusoidal surface ‘Rippleprint’ with a peak-to-
trough amplitude of 6-7 mm and 0.35 m wavelength, which produces large increases
in interior noise and vibrations inside vehicles but little increase in exterior noise
levels and only a slight increase in annoyance rating compared with flat road when
rated by a listening panel.

3.2 Junctions

Junctions lead to some degree of breaking and accelerating of the traffic, depending
on the amount of traffic and the type and layout of the junction. The types could be
roundabouts, mini-roundabouts, signalized crossings, crossings with stop signs

(2- or 4-way) or right-of-way, and crossings with priority to the right/left’. The 1
ayout of the junction depends on the surroundings and on a number of other factors,
allowing for a great variety, which cannot be covered in this context. In the case of
signalized intersections there are possibilities of affecting the traffic flow through
rest-on-red, rest-on-green and coordination of signalization (green waves).

The literature which has been found in this study is mainly concerned with the
effect of converting various types of crossings into roundabouts or with installing
mini-roundabouts in intersections. Little has been found on the effect of various
signalization schemes.

’ Depends on whether traffic is right- or left-hand.




Roundabouts

Bérengier (2002) reports on noise measurements carried out in connection with the
rebuilding of junctions with or without signalization into roundabouts. La., levels
are reduced due to the reduction in the number of accelerations and decelerations.
The reduction depends on the roundabout radius and the number of entry and exit
roads. Resulting reductions of 1 to 4 dB are found for the day period and 1 to 3 dB
for the night period mainly depending on how the traffic flow is modified.

According to Pliiss et al. (2003) rebuilding a signalized crossing into a roundabout
resulted in daytime noise reductions (Laeq, 622) of 1.7 dB and nighttime reductions
(Lacg, 22-6) of 2.9 dB. The daytime reduction was lower than originally modeled
(3.2 dB), whereas the nighttime reduction was higher (1.7 dB). No explanation is
given for this difference.

In a Norwegian study (Storeheier and Skaalvik, 1987) traffic noise measurements
(Laeq and La;) were carried out before and after rebuilding a junction from a right-of-
way crossing to a roundabout. The speed limit on the roads was 50 km/h both before
and after rebuilding. Noise was measured at several points close to three of the four
approaching roads at distances up to 100 m from the junction, and at three points
further away from the roads. The amount of traffic and the percentage heavy vehicles
are unchanged from the before to the after situation.

At the measuring points close to the road which had right of way before the rebuild-
ing, no significant changes were found in the noise levels except at the point closest
to the roundabout, where a decrease of approx. 2 dB was found in L, and 3 dB in
La;. Along the road which had to give way decreases of 2-3 dB was found for both
Lacq and La;. At two of the three measuring points further away from the roads de-
creases of approx. 2 dB were found in La¢,. At the third point no significant changes
were found. This may be due to changes in the conditions for noise propagation be-
tween the before and the after situation. The reductions in noise levels may be ex-
plained by the changes in vehicle speed.

Merétei et al. (2000) reports on the results of a study including traffic flow counts,
driving pattern measurements, noise measurements (Lacq) and noise calculations (Laeq)
at two junctions before and after conversion from priority respectively signalized
crossings to roundabouts (four arms, one lane). At the priority crossing the traffic
was unchanged, at the signalized it increased after the conversion. Slight decreases
in the noise levels (1 dB) were found through both measurements and calculations
at both junctions.

Bredenfeldt and Nilsson (2004) measured noise along access/exit roads at roundabouts
and signalized crossings. The results were compared with calculations done with the
road traffic noise prediction model Nord2000. The speed limit of 50 km/h was used
for all calculations. Results were based on cars, as there were very few heavy vehicles
on the roads in the survey. Results show that measured noise levels at both crossings
and roundabouts were lower than the calculated levels, which may be ascribed to the
actual speed being lower than the speed limit of 50 km/h. Measured noise levels at the
roundabouts tended to be lower than those at the crossings.
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According to Austroads (2005, p. 43) “roundabouts generally provide the greatest
benefit in noise reduction. Noise from roundabouts appears to create less community
annoyance than other traffic calming devices.”

Roundabouts with small diameters are often built with overrun areas with paving
stones at the center in order to allow large trucks to pass the roundabout. If cars use
these areas to drive through the roundabouts at high speed, this may generate high
impulse like noise levels which may increase the annoyance experienced by those
living next to the roundabout. Similar overrun areas are sometimes seen at the
entrances to and exits from the roundabouts in an attempt to keep the speed of

cars down while still allowing heavy vehicles to pass. These may have the same
effect as the center areas.

Picture 3.4. Roundabout with central overrun area (Photo: H. Bendtsen, DRI).

The results above indicate that roundabouts without overrun areas may reduce
noise levels (Laeq) by 1-4 dB compared with ordinary intersections, signalized or
non-signalized, depending on the traffic and the layout of both the intersection and
the roundabout. How these parameters influence the noise generated is unclear.
There is a need for further studies to clarify this before roundabouts can be fully
utilized as a measure to reduce road traffic noise.



Mini-roundabouts

Mini-roundabouts — also called traffic circles — are small paved or painted circles

in the center of intersections which function as roundabouts for cars whereas heavy
vehicles can drive across. These roundabouts are used as traffic calming measures to
reduce speed.

In a traffic calming scheme in Vixjo, Sweden 21 mini-roundabouts were constructed
[Hydén et al., 1995]. Average speeds were reduced by 11-18 km/h. Speeds were also
reduced on road sections between the roundabouts if the distance between these did
not exceed 300 m. Noise reductions of 1.6, 3.9 and 4.2 dB were recorded at three
locations where measurements were done, indicating that besides reduced speed,
driving patterns are smoother after the introduction of the roundabouts.

In the Leigh Park Area in Havant, UK mini-roundabouts with 1.6 m wide cushions

at exits and entrances lead to reductions of noise (Lamax) from light vehicles of 1 to

3 dB, where 3 to 7 dB would have been expected based on the before noise/speed
relation. Noise from heavy vehicles increased by 5 to 6 dB despite an expected reduc-
tion of 2 to 4 dB [Cloke et al., 1999]. These results do not agree with the above results
from Sweden, nor with the previously presented results on the noise effect of narrow
cushions. Whether it is the combination of the roundabout with the cushions or other
circumstances specific to this scheme which cause the not-so-good noise results is not
known.

In Seattle, USA installation of traffic circles (mini-roundabouts) have resulted in mid-
block speed reductions of 3.4 mph (5.5 km/h). There has been little change in traffic
volumes. With unchanged driving patterns this should — according to Table 2.2 —
result in noise reductions of 1 to 1.5 dB depending on the traffic composition.

The scheme is supported by 85 percent of the residents. This may indicate that

noise conditions at least have not become worse.

The little evidence found on the noise effects of mini-roundabouts indicate that these,
when properly designed, may lead to noise reductions due to reductions in speed as
well as to more even driving patterns. Based on the above results the potential seems
to be noise reductions (Lacq) of up to 4 dB. UK experiences indicate that especially the
effect on noise from heavy vehicles should be studied further, but there is also a need
for studies of the influence of the roundabout design.

Calming green waves

Ellenberg and Bedeaux (1999) present the concept of calming green waves, where
consecutive traffic signals on a road are coordinated to promote desirable driving
patterns rather than maximum capacity. Through implementing calming green waves
optimized for speeds of 40-45 km/h on roads with speed limits of 50 km/h, the average
speed of groups of vehicles were reduced by 15 km/h, for the 15 percent fastest drivers
the speed was reduced by 22 km/h, and a greater coherence in drivers’ behavior was
observed.
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Figure 3.3 shows speeds before and after implementing a calming green wave. In the
before situation, where the signal coordination is aimed at a speed of 45 km/h, there
are two peaks on the speed distribution, one at around 40 km/h, and one around 70
km/h. In the after situation, where the coordination is based on a speed of 41 km/h,
there is only one peak around 40 km/h. The desired speed has only been reduced
slightly, but the green time and cycle time of the signals have been reduced so that
the signal coordination no longer makes it attractive to speed.
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Figure 3.3. Vehicle speeds before (dotted line) and after (fully-drawn line) the
implementation of a calming green wave [Ellenberg and Bedeaux, 1999].

Ellenberg and Bedeaux claim that calming green waves reduce noise emissions from
the traffic. From the observed changes in driving patterns this seems likely, but the
literature search has not come up with results on the matter. Figure 3.3 indicates a
reduction in average speeds of 10 to 15 km/h, which according to Table 2.2 would
result in a noise reduction of 2.5 to 3 dB depending on the traffic composition if
driving patterns are unchanged. It is likely that driving patterns become more even
with the implementation of calming green waves. This may result in further noise
reductions, but further verification is needed to draw conclusions.

‘Rest on red’ and ‘rest on green’

In addition to calming green waves individual traffic signals can be used for calming
traffic through the use of strategies implementing ‘rest on red’, where the signals re-
main red in all directions until triggered by an approaching vehicle, or ‘rest on green’,
where the signals in a certain direction remain green unless some triggering factor
causes them to shift. No literature has been found on the effect of such schemes on
noise, speed or driving patterns, so there is a need for studies of these effects. The fol-
lowing section contains some ideas of the author.



‘Rest on red” may be implemented in a manner so that the signal changes to green
if an approaching vehicle observes the speed limit. If the speed limit is exceeded,
the signal remains on red until the vehicle is at a standstill at the stop line. This may
be combined with a warning to the driver that the speed limit is exceeded. Such a
system has been implemented in Celle in Germany [Bendtsen and Larsen, 2000].
On roads where the majority of the traffic is constituted of drivers who drive on the
road regularly, and who therefore are likely to get to know this functionality, such a
system may lead to even driving patterns at appropriate speeds. If, on the other hand,
a large percentage of the drivers are unfamiliar with the system, there may be a risk
that the system will lead to traffic braking and accelerating, and thereby increasing
the noise levels and the annoyance. This signalization strategy needs to be tested
before it can be proposed as a means of traffic noise abatement.

‘Rest on green’ may be implemented in a way so that the lights rest on green in the
direction of the most heavily trafficked road unless drivers exceed speed limits. If the
strategy works it may reduce speeds as well as braking and accelerations. However,
the presence of a green light ahead may encourage unfamiliar drivers to increase
speeds in order to make it across ‘before the light changes’, thus causing the light to
shift to red and making traffic brake and thereafter accelerate. Thus, ‘rest on green’
also needs to be tested before being used as a means of noise abatement.

3.3 Dedicated lanes

No literature has been found on the noise effect of implementing dedicated lanes for
specific types of traffic, e.g. buses. The effects on traffic will depend on the specific
implementation of such lanes. In a literature review Elliott et al. (2003) find in one
study that a bus lane has no effect on the speed of cars in itself but a speed reducing
effect of 4 mph (6.4 km/h) when a bus is present. Another study showed a reduction
in mean speed of between 1 and 2 mph (1.6 — 3.2 km/h) on roads with a bus lane.

The implementation of bus lanes may also lead to a shift in modal split as the im-
proved level of service for buses attracts more passengers to this transport mode,
thereby reducing the number of cars. This may reduce noise levels, but such a result
is not unambiguous. The improved level of service of the remaining cars may lead

to higher speeds, which again causes more noise. Also, it may be necessary to operate
more buses. Thereby the noise effect depends on the number of cars removed and

the number of buses added. Watts et al. (2005) have used the Harmonoise model to
estimate the number of cars which in regards to noise is equivalent to a bus. The
results can be seen in Figure 3.5.

Even if the Lacq levels decrease as a result of moving traffic from cars to buses, this
will not necessarily result in less annoyance. The individual buses produce higher
maximum noise levels than the cars. This makes them more noticeable and therefore
maybe more annoying. Further knowledge on the noise and annoyance effects of bus
lanes is needed to draw any conclusions.
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Figure 3.5. Estimates of the number of passenger cars which in regards to noise
is equivalent to a bus on hot rolled asphalt (HRA) and stone mastic asphalt (SMA)
[Watts et al., 2005, p. 43].

3.4 Signs

Signs showing the speed limit and signs warning or informing drivers of some matter
may be static or dynamic. In the following static and dynamic signs will be treated
separately as there are differences in their noticeability and applicability. The section
on static signs only covers speed signs, whereas dynamic signs also involve informa-
tive signs regarding speed.

Static signs

According to Greibe and Nilsson (1999) the approximate percentage of speeders on
urban roads is 62 % in Denmark, 72 % in the UK and up to 80 % in the Netherlands®.
These high percentages indicate that there is little respect for urban speed limits in
European countries. Greibe and Nilsson conclude that posted speed limits have little
or no effect and that only massive law enforcement and/or changes in road layout will
reduce urban speed levels.

This is supported by results from studies of traffic calming in the UK. In zones where

various traffic calming measures have been implemented, average speed reductions of
9 mph (14 km/h) were achieved. In zones where only signs were used, average reduc-

tions of 1 mph were found [DfT, 1999].

¥ More recent figures are slightly lower [OECD/ECMT, 2006].



Slightly more positive effects — mean reductions of 2.2 mph (3.5 km/h) are found by
Mackie (1998). Based on data from a number of countries a statistical model has been
developed which suggests that the mean speed reduction due to changing a speed limit
and using signs would be one quarter of the difference between the speed limits.

The results presented by Mackie include speed effects of introducing a 30 km/h speed
limit on all but the main roads in Graz, Austria. The speed limit before was 50 km/h.
The implementation was accompanied by an intensive public awareness campaign and
speed limit enforcement by the police. The effect four months after the implementa-
tion was a reduction in mean speed from 37.6 km/h to 34.8 km/h. Nine months after
the implementation the mean speed was 37.1 km/h.

Far more positive are the results of the Norwegian Public Roads Administration
(2005). In winter 2004-05 a speed reduction from 80 km/h to 60 km/h was introduced
on a section of the National Highway route 4 through Oslo in order to reduce the
suspended dust concentrations along the road. The only speed reducing measure was
signs stating the lower speed limit. The average speed reduction was 10 km/h, noise
was reduced by 2 dB(A). It is unclear whether the speed reduction was backed by
automatic speed control (ATC), which is commonly used in Norway.

On the ring road in Nantes, France speed has been reduced from 110 to 90 kim/h.
The effect on noise was approximately 1 dB as opposed to an expected effect of
2-3 dB. This was mainly due to a “non-respect of the regulations by a large part
of the drivers. After installation of ATC the respect of the speed limit is better
[Bérengier, 2005].

Trials of speed limits with a sign of “Larmschutz” (noise protection) as a means

of noise abatement on German motorways showed nighttime noise reductions of

1 to 3.5 dB(A) given as L g 22-6. The speed limits were between 80/60 (cars/HGVs)
and 120 km/h as opposed to the free speed, which is common in Germany. The trials
showed that drastic speed reductions require presence of police for enforcement.

At many locations the noise reductions were barely perceptible because of high
percentages HGVs, even when these were subject to a limit of 60 km/h. Up to 52 %
HGVs was recorded for the period 22 to 6 [Krux and Kathmann, 1998; Kathmann
and Cannon, 1999].

The results of the above surveys indicate that the use of lower speed limits for noise
reduction is only effective if combined with physical measures, ATC or massive
enforcement by police. In those cases realistic speed reductions may result in noise
reductions (Laeq) of 1-3 dB.
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Interactive signs

Webster (1995) tests two types of vehicle activated speed signs, ‘secret’ (blank when
not activated) and ‘enhanced’ (ordinary sign with additional ‘eye-catchers’). The ef-
fect of such signs is on average 2 mph (3.2 km/h) at the signs. Some of this reduction
is maintained downstream. There are few data regarding the effect on the speed of
HGVs, but apparently the signs have little effect on the speed of this vehicle category.
Mackie (1998) reports that a variety of ‘flashing’ signs (often vehicle activated) re-
duced speeds by on average 4 mph (6.4 km/h). The results vary according to location,
speed limit, and sign trigger threshold. The best results have been obtained where the
speed limit has simultaneously been reduced.”

Winnett and Wheeler (2002) have tested the effect of vehicle activated speed signs.
At speed limits of 30 mph (48 km/h) and a sign trigger speed of 35 mph (56 km/h)
reductions in mean speed were between 2.6 and 7.1 mph (4.2-11.4 km/h), highest at
sites with high speeds before the installation of the signs. At a speed limit of 40 mph
(64 km/h) and a trigger speed of 45 mph (72 km/h) reductions in mean speeds were
between 1.2 and 4.4 mph (1.9-7.1 km/h), again highest when before speeds were high.
At one location with dual carriageway, a speed limit of 50 mph (80 km/h) and a trig-
ger speed of 55 mph (89 km/h) reductions of 3.6 and 4.6 mph (5.8-7.4 km/h) in the
mean speed were achieved.

Vehicle activated signs were also tested at locations with changes in speed limit.
At locations with changes from 30 to 20 mph (48 to 32 km/h) reductions in mean
speed between 4.4 and 7.5 mph (7.1 and 12.1 km/h) were achieved. At speed limit
changes from 40 to 30 mph (64 to 48 km/h) the reductions were between 6.5 and
13.8 mph (10.5-22.2 km/h). Also at these locations the greatest speed reductions
were achieved at the locations with the highest speeds before the installation of
the signs.

Larsen (2003) tests two different interactive signs on non-urban roads with 80 km/h
speed limits. One sign displays the message: “XX% observed the speed limit in the
past hour”. The sign is only active if the percentage is higher than 50. The other
displays the message: “Your speed is XX km/h”. Both signs have significant effects
on the driving speed. One conclusion is that the speed selected by drivers depends
on how fast they perceive that others drive.

In Gleisdorf, Austria interactive speed limit signs are linked to noise measuring
equipment, which — depending on the noise levels at dwellings along the road —
increases or reduces the speed limit [Bendtsen et al., 2004; Aigner, ?7?77?].

The speed signs are supplemented by signs showing noise to be the reason for the
reduced speed. The usual speed limit on Austrian motorways and also in Gleisdorf
is 130 for cars and 100 for heavy vehicles. A limit of 130/80 km/h for cars and heavy
vehicles respectively is respected by 90 percent of drivers. A limit of 100 km/h for
cars is respected by more than half of the drivers, whereas a limit of 80 km/h for
cars is respected by less than 10 percent. A limit of 60 km/h for heavy vehicles is
disrespected by 80 percent although there is a general ban on trucks at night when
the overall traffic level is light.
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Figure 3.4. Interactive speed limit system from Gleisdorf, Austria. (1) Immission noise
measurement. (2) Emission noise measurement. (3) Noise reducing pavement. (4) Central
noise barrier. (5) Noise barrier with photovoltaic cells. The sign reads: “I want to sleep.
Quiet please!” [Bendtsen et al., 2004].

The above results indicate that interactive speed signs may be useful in reducing vehi-
cle speeds. The effect seems to be to raise driver awareness of the current or changed
speed limit, thus causing more drivers to observe the limit. The above results are all
based on the use of interactive signs at a few specific locations. It seems realistic that
widespread use of this measure will reduce the effect. The results from Gleisdorf indi-
cate that reducing speed on a motorway through signs is only effective to a certain de-
gree, but that speed limits which are considered too low are disrespected.

3.5 Automatic traffic control - ATC

ATC is a system which combines speed measurement equipment with a camera so
that speeding vehicles are photographed and a picture sent to the owner along with

a fine. In section 3.4.1 it was reported that installation of ATC had improved drivers’
respect of reduced speed limits on the Nantes ring road based solely on static signs
[Bérengier, 2006]. It is not clear whether the increased respect of the speed limits
led to the expected noise reductions of 2-3 dB compared with the situation before t
he speed reduction.

Krohn (1996) reports of average speed reductions of 5 km/h on road sections with
ATC. The average is based on road sections with reductions ranging from 0 to 20
km/h. Mackie (1998) reports of average reductions around 5 mph (8 km/h) based

on surveys in a number of countries. The reductions are similar whether cameras

are in place or just camera housings. No reductions are obtained with camera warning
signs only.

According to Tveit (2005), ATC results in lower speed, but it may also lead to
uneven driving patterns, where drivers decelerate at the camera boxes and accelerate
between them. Therefore there are now considerations in Norway regarding section
based ATC, where control is not only based on individual cameras but also on the
total travel speed between cameras on a road section.
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According to the above results, speed reductions due to ATC are highly dependent on
the section on which the ATC is implemented. The noise effect of the reductions also
depends on the speed on the road, whether it is a motorway or an urban road. This is
not clear in the above figures. A further factor influencing the noise is whether or not
there is a change in driving pattern. If the result is as suggested by Tveit (2005), the
noise may increase although speed decreases, or the shifts in the sound picture may
lead to increased annoyance even though the noise decreases.

3.6 Other measures

A number of measures may influence the overall traffic levels in a city. Two examples
of such measures are congestion charging and parking information systems, which

are treated below. Other measures change the traffic composition and to some extent
the traffic levels on specific roads or in certain areas. This may for instance be city
logistics or nighttime bans on truck traffic.

Congestion charging has been implemented in London, and in 2006 it has been tested
in Stockholm. In London the measuring program does not allow for statistically-robust
conclusions, but the results for the four years with congestion charging suggests that
this has no detectable impact on noise levels (TfL, 2006). In Stockholm noise levels
have been modeled at 152 locations [City of Stockholm, 2006]. The results show that
at 18 locations noise levels have decreased by 1-4 dB and at 6 they have increased by
1-4 dB. At the remaining 128 locations changes in noise levels have been less than

1 dB. All in all there is no indication that congestion charging is useful as a tool to
reduce road traffic noise.

Parking information systems may reduce the amount of traffic through reducing the
extent of driving while seeking for a parking space. An effective parking guidance
system may also result in increased traffic to the city, or it may transfer car travel to
more sustainable modes, thus reducing traffic [Danish Road Safety and Transport
Agency, 2001; DT, 2003]. Whatever the outcome of such schemes, the effect on
noise is likely to be limited, as it generally takes very large changes in the traffic
flow to significantly increase or reduce noise levels.

Generally measures which influence the amounts of traffic are unlikely to significantly
influence the noise levels on an overall area level unless these measures lead to dra-
matic changes. Thus, such measures are not generally applicable as means of noise
abatement, but they may have an effect on selected roads.

City logistics have been implemented in a number of cities, but no results have been
found considering the effect on noise levels and noise annoyance. In Link6ping, Swe-
den city logistics lead to reductions in the number of heavy vehicles entering the inner
city as well as 14 percent reduction in deliverance time, 26 percent reduction in travel
time and 31 percent reduction in stops. All together this indicates a reduction in the
heavy vehicle traffic in the city. This reduction is unlikely to influence the L. noise
levels significantly, but the number of noise events/peaks is reduced. Depending on
the time of day of the reduction this may lead to reductions in annoyance and/or sleep
disturbance.



Nighttime bans on trucks and perhaps motorcycles on a specific road or in an area
will reduce the overall nighttime noise levels, depending on the percentage of these
vehicles in the overall traffic flow. Just as important may be that such a ban will
reduce the number of very high noise peaks, thus reducing the sleep disturbance
experienced by those living along the roads. Depending on the type of road and
area, some part of the truck traffic, which before a ban drove at night, is likely to
drive during daytime instead. This would be the case for traffic with an errand in the
area, whereas through traffic is likely to find other routes instead. Thus, such a night
ban is likely to increase daytime noise levels and the number of disturbing peaks along
the road and also increase nighttime noise levels and peaks along alternative routes.
The effect of such a ban depends on the traffic composition at the specific locality.
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4. Catalogue of measures

This catalogue of measures is a table presenting the main conclusions and comments
for each traffic flow measure, as they are given above. The presented potential noise
reductions are based on the effects reported in the literature. The effect of a measure
in a specific case will depend on the local conditions as to road layout, traffic compo-
sition and speed before and after the measure is implemented.

In several cases the effect of a measure on noise is given simply as “determined by
speed reduction”. In these cases the noise reduction is a direct effect of reduced speed
without influence from changes in driving pattern or noise effects directly linked to
the traffic flow measure. In these cases the noise effect may be decided based on the
relations presented in Chapter 2, for instance from Table 2.2.



Traffic flow measure

Effect on noise

Comments

Traffic calming

Up to 4 dB L4 reduction.
Up to 7 dB L pmax reduction.

- highly dependent on the traf-
fic composition and speed, the
road layout and the use of the
measures below.

Vertical deflections

round-top humps

flat-top humps

wide speed cushions
(>1700 mm)

narrow speed cushions
(< 1700 mm)

Light vehicles: determined by speed
reduction.”

Heavy vehicles: 0 dB L, at speeds
up to 25 km/h. Higher speeds result
in increasing noise. Up to 8 dB Lagq
increase.

Light vehicles: determined by speed
reduction.”

Heavy vehicles: Up to 8 dB Ljq in-
crease.

Light vehicles: determined by speed
reduction.”

Heavy vehicles: up to 10 dB La¢q
and 8 dB L pmax InCrease.

Light vehicles: determined by speed
reduction.”

Heavy vehicles: determined by
speed reduction.” Up to 2 dB Lamax
increase.

- highly dependent on the traf-
fic composition.

- depends on the design of the
humps.

- proper distance between
humps/cushions is important.

Dummy humps

Determined by speed reduction.”

- initial speed reducing effect
may diminish due to driver
habituation.
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Traffic flow measure

Effect on noise

Comments

Chicanes and road narrowing

Determined by speed reduction.”

Braking and accelerating may in-
crease noise levels at entrances to
and exits from road sections with
chicanes and at road narrowing and
single lane working chicanes.

- proper distance between
chicanes is important.

- measures which allow large
trucks to pass may not be
effective at reducing the
speed of cars.

- overrun areas allowing trucks
to pass narrow chicanes may —
if made with paving stones —
cause increased noise levels
and/or noise pulses which
increase annoyance.

- further studies of noise
and annoyance effects are
necessary.

Cycle lanes

Slight speed reducing effect (?).
Noise effects will be negligible.

Gateways

Depends on speed reduction.”

- gateways are unlikely to have
an effect by themselves but
may support the effect of other
measures.

Rumble devices

traditional devices (paving
stones, thermoplastic strips,
milled groves)

‘Rippleprint’

2-4 dB L, increase.

0dB

- the shift in sound pattern and
often pulse like nature of noise
from such devices increase

the annoyance more than the
increase in noise levels would
indicate.

- listening panel testing
indicates slightly increased
annoyance, but this effect
may not extend to distances
large enough to reach peoples
homes.




Traffic flow measure

Effect on noise

Comments

Junctions

roundabouts

mini-roundabouts

calming green waves

1-4 dB Lq reduction compared
with intersections.

Up to 4 dB L, reduction.

Depends on speed reduction.”

- depends on the traffic
composition and the layout
of the roundabout and the
intersection.

- further studies are needed
to clarify how these factors
influence the noise.

- noise reduction due to
reduced speed and to
changes in driving patterns.

- further studies are needed
to clarify the influence of the
roundabout design and the
effect on noise from heavy
vehicles.

- there may be a further
effect from changes in
driving patterns.

- further studies of the effect
on both speed, driving pattern
and noise are needed.

Speed signs

static signs

interactive signs

0 dB.

1-3 dB reduction — depending

on speed reduction” — if speed
limits are combined with physical
measures, ATC or massive
enforcement by police.

Up to 3 dB reduction depending on
speed reduction.”

- results indicate that speed
reductions up to 15-20 km/h
may be achieved at locations
where speeds are already rela-
tively high compared with the
speed limits.

- whether the effect will be
preserved if the measure is
used commonly is unknown.
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Traffic flow measure

Effect on noise

Comments

Automatic traffic control
(ATC)

Depends on speed reduction.”

- with fixed cameras there may
be a tendency towards speed
increasing between cameras.
This may lead to increased
noise and/or annoyance due to
accelerations and decelerations.

Congestion charging

0dB

Parking information systems

Depends on the change in traffic
volumes (see table 2.1).

- large reductions in traffic
volumes are necessary to
achieve significant noise
reductions.

City logistics

Unlikely to effect overall noise |
evels, but likely to reduce the
number of high peaks.

Nighttime ban on trucks

Depends on traffic composition and
possible alternative routes.

- may lead to increased daytime
noise levels.

" The effect of speed reductions may be seen in Table 2.2.




5. Conclusions

5.1 Traffic volume

One way of reducing road traffic noise is to reduce traffic volumes. On minor roads
with small traffic volumes, for example in dwelling areas, this may be an effective
measure if large percentages of traffic can be moved to major roads, where traffic
volumes are already high. This could for example be achieved by impeding through
traffic. This may be done by completely closing roads to through traffic through
physical measures or bans, or it could be discouraged by the use of road humps,
chicanes or other measures. Narrow cushions and round-top humps are preferable
from a noise perspective. Correct distancing between such measures is important to
avoid accelerations and decelerations

On major roads, however, reductions in traffic volumes are rarely feasible solutions
to noise problems. Due to the logarithmic nature of the dB scale, large numbers of
vehicles would have to be removed in order to result in any significant level of noise
reduction. A twenty percent reduction in traffic results in a 1 dB noise reduction,
providing that speed, traffic composition and driving pattern is unchanged. This may
be possible in specific cases, for instance through building a by-pass, which may lead
large amounts of traffic — and often most of the heavy traffic — around an urban area
instead of through it. It could also be by implementing parking information systems,
if circulating vehicles looking for parking makes up a large percentage of the overall
traffic in an area. It may also be possible through long term initiatives in physical
planning and traffic planning, if significant amounts of traffic can be transferred to
other modes of transport. Results from London and Stockholm indicate that a general
initiative such as congestion charging, even if it does limit traffic volumes somewhat,
has little or no effect on noise levels.

5.2 Traffic composition

The traffic composition is also a factor in determining noise levels. Heavy vehicles
and motorcycles are noisier than cars. Often cars still dominate the Laq levels, but
even when this is the case, the noisier vehicles produce noise peaks, which may cause
annoyance, disturbance and/or awakening. It may be possible to reduce the number of
heavy vehicles on a road or in an area through planning initiatives, which move this
traffic to less vulnerable roads and areas, or through city logistics initiatives, which
concentrate freight in a city on fewer vehicles. Problems of sleep disturbance may be
reduced through nighttime bans or charging on trucks and perhaps also motorcycles.
Bans are likely to move some of the traffic to the daytime and thus may worsen day-
time noise levels and problems of disturbance and annoyance.
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5.3 Speed reductions

Speed reductions are a way of reducing traffic noise, providing that the necessary
measures do not lead to an increase in accelerations and decelerations. The effect
depends on the traffic composition, but for both light and heavy vehicles the largest
reductions are achieved at low speeds. At speeds below 50 km/h, noise reductions of
2-3 dB L are realistic as a result of 10 km/h reductions in actual speeds. A number
of traffic claming measures may be used to reduce speeds on minor and in some cases
also on major roads, but on many large urban roads, most traditional traffic calming
measures are inapplicable. On such roads, speed limits enforced through automatic
traffic control (ATC) or by police enforcement is the main measure available. Calming
green waves may also be a possibility, but this needs to be confirmed.

5.4 Driving pattern

The driving pattern of traffic on a road influences noise levels. Stop-and-go driving
leads to higher noise emissions, because accelerating vehicles make more noise than
vehicles driving at a steady pace. Several surveys have shown that roundabouts lead
to less noise than intersections with or without signalization. This is to a large extent
because more vehicles can pass without having to come to a complete stand-still.
Coordinated signalization in the form of calming green waves may also be a measure
to secure more even driving patterns. This needs further testing.

5.5 Research needs

Speed humps and cushions are by far the measures which have been subject to
most studies. The main research need for these measures is to determine the optimal
distance between the measures in order to maintain an even driving pattern without
large differences in speeds at and between the measures. Such optimal distances
may be general for speed reducing measures, also including chicanes and mini-
roundabouts, or they may be specific for the various types and layouts of measures.
This needs to be clarified.

If dummy humps are to be used, it should be clarified whether their effect on speed
is permanent or there is a driver habituation. Chicanes and road narrowing should
be studied further to gather knowledge on the noise and annoyance effects of such
measures. Especially the use of various forms of overrun areas in chicanes needs
to be studied.

There is a great need for clarifying the noise and annoyance effect of various layouts
of junctions, both signalized and non-signalized intersections and roundabouts. Also
mini-roundabouts should be studied further in relation to the effect on noise and an-
noyance. It should also be clarified whether there is a difference in the effect on speed,
noise and annoyance depending on the construction of mini-roundabouts, whether
painted, constructed with various paving stones, or otherwise constructed.



Calming green waves appear to be a promising measure for securing even driving
patterns at low speed, and thus also for noise reduction. The initial results found in
the literature merits further surveys to clarify the potential. ‘Rest on red’ and ‘rest

on green’ signalizing schemes may have potential for noise reduction. This should be
studied further.
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