NBS for an improved
urban soundscape
Jérôme Defrance
CSTB

Contents
Context
Trees
Greening the buildings
Vegetated noise barriers
Concluding remarks

Contents
Context

Trees
Greening the buildings
Vegetated noise barriers
Concluding remarks

Context
Burden of disease due to noise
An old evidence of annoyance (Caesar, Elisabeth I…)
In Europe 20th Century, many surveys à Synthetic guides (WHO, EEA)
o 20% Europeans exposed to levels exceeding WHO thresholds
o 1.6M DALYs: Global morbidity due to Noise, 1M DALYs: Sleep disturbance due to Noise

In France
o 86% concerned, 45% annoyed (IFOP 2014)
o Social cost of noise: €57 billion/year (CNB-E&Y 2016)
WHO-JRC, Burden of disease from environmental noise,126p, 2011
EEA, Good practice guide on noise exposure and potential health effects, 38p, 2010
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Context
Regulatory development in France and Europe
Back in the 1990s in France…
o ‘Royal’ Law on Noise Control (1992)
o Set of ‘application texts’ (emissions, transport noise, activity noise…)
o Development of acoustics consultancy à Eng. models à Software
o Today, a set of regulations but none dedicated to outdoor areas
Environmental Noise Directive (END) 2002/49/EC
o Exposed people: Large agglomerations, major roads, railways and airports
o Lden (global annoyance) / Lnight (sleep disturbance) + Action Plans
o Determining and preserving “Quiet areas” à Addressing outdoor living spaces
EC, Directive 2002/49/EC relating to the assessment and management of environmental noise , http://ec.europa.eu

5

Context
“Greening” does not mean “Quiet” (beware of pictures)
“Quieter” does not mean “better soundscape” (need for life)

© Vincent©Callebaut
Ademe

Songdo in South Korea
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Trees
Strip of trees along transportation infrastructures
Night
temperature
profile
situation

Downwind
situation

Gain = Insertion Loss = IL
Defrance J, Barrière N, Premat E, Sound propagation through forests with realistic meteorological conditions:
theory and experiment, 10th International Symposium on Long Range Sound Propagation, Grenoble, 2002
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Trees
Trees and hedges in the city

2.60 m high, 1.80 m thick and 20 m long

Gain in IL : weak
Gain: æ of reverberation

Gain in IL: weak, 1 dB(A)
Gain: æ of reverberation
Van Renthergem T, Attenborough K, Maennel M, Defrance J et al., Measured
light vehicle noise reduction by hedges, Applied Acoustics 78, 19-27 (2014)
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Greening the buildings
Vegetated façades

Gain: 4 dB(A)

Gain: 5 dB(A)

Forssén J, Defrance J, Jean P, Koussa F, Maillard J, Van Maercke D et al., Toolbox from the EC FP7 HOSANNA project
for the reduction of road and rail traffic noise in the outdoor environment, Transport Research Arena 2014, Paris
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Greening the buildings
Vegetated roofs

Gain: 3-7 dB(A)
depending on the shape

Van Renterghem T, Botteldooren D, Reducing the acoustical façade load from road
traffic with green roofs, Building and Environment, 44, 1081–1087 (2009)
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Vegetated noise barriers
Classical barriers
Use of vertical substrate (with vegetation)
o Main sound absorption due to substrate, not vegetation
o Water supply system is crucial

Gain 1.5 m : 5 dB(A)
Gain 4 m : 7 dB(A)

Use of garden-box barriers

2m

o Non-reflection effects due to rigid surfaces’ tilting
o Sound absorption is due to earth porosity
o Weak absorption effect due to vegetation itself

0.23 m
Z
4m
X
0.3 m
0.36 m

Ademe Project
Defrance J, Teytu M, Jean P Diffused sound reflection effect of non flat noise barriers, InterNoise 2007, Istanbul
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Vegetated noise barriers
tion, that is, the molecular absorption of sound
during its propagation. Air attenuation effects
are of importance mainly at high frequencies.
Turbulence, in the form of random fluctuations
in wind velocity and temperature, distorts the sound
waves. The effects can be seen as scattering of sound
into shadow regions and reduction of the strength
of both positive and negative interference. These effects are of importance mainly at high frequencies.
The project has studied several methods that act
on the medium of sound propagation, for example,
planting trees behind barriers to improve barrier performance in downward refraction situations, planting
a strip of trees along a road or artificially creating
upward refraction with sonic crystal-like barriers.

over a relatively broad frequency range, resulting
in a lower level than if no ground were present.
For shielding structures on the ground, for
example, noise barriers, height is the most important
property, assuming negligible sound transmission
through or around the sides of the barrier. Widening
the top of the barrier improves the acoustic effect.
Better performance is generally achieved if the barrier is placed near the source or the receiver. In an
inner city environment, it may therefore be preferable
to use a noise barrier relatively low in height if it can
be located near the traffic sources. To improve the
performance of such barriers, the width is increased
and the materials on the top and faces of the barrier
are carefully chosen. The materials should be acoustically soft, and in urban environments, with many
sound reflections, it is crucial to choose acoustically
absorbent materials. In general, important sound
reflection can occur from the facades of the urban
canyon, from the surfaces of noise barriers, and
from the surfaces of vehicle bodies, primarily in the
case of large heavy road vehicles and rail vehicles.
The project has examined several methods that act
on the boundary, including softening hard ground,
roughening flat ground, barrier design, and using
absorbent materials on barriers, facades, and roofs.

Low barriers

Motivation: Low barriers adapted to some ground
But in some specific situations!
BOUNDARY

In flat terrain, both direct sound from the source
and ground-reflected sound can reach the listener.
The effect of the interaction between direct and
reflected sound is called the ground effect. At some
frequencies, direct and reflected sound partly cancel
each other out, which causes the sound level to be
lower than if the ground were not present. At some
other frequencies, the two sound waves reinforce
each other, making the level higher than it would
be if the ground were not present. For traffic noise
propagating above an acoustically hard ground,
such as asphalt, the two sound waves added together will normally lead to an increased noise level.
However, above an acoustically soft ground, such
as a lawn, the two waves may cancel each other out
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Innovative noise barriers, using natu
transportation
modes…
and recycled
materials

Novel solutions for quieter and greener cities

An efficient way to reduce ground transport noise is to block the noise by erecting barriers o
elements near the source. For example, high noise barriers or earth berms are often constru
along motorways and railways to protect noise-exposed residents. Such solutions may not wo
dense urban settings because of space limitations, traffic safety considerations, or aesthetic
However, small barriers, less than 1 m high, can be useful in such situations if properly desig
Conventional barriers are made of wood, metal, or
concrete. However, alternative materials may be more
cost-effective, provide better noise reduction, and
improve aesthetic values. Examples include recycled
materials from industries and local communities and
natural materials such as stones, soil and vegetation.
The project developed and evaluated several

innovative noise barrier solutions, including lo
height barriers, lightweight barriers at bridges
vegetated barrier caps, and earth berms of vari
designs. The project also tested a new type of b
rier, called the sonic crystal barrier, which con
a set of cylinders structured in a way that optim
noise reduction in specific frequency regions.

Innovative noise barriers, using natural and recycled materials
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Vegetated noise barriers
tion, that is, the molecular absorption of sound
during its propagation. Air attenuation effects
are of importance mainly at high frequencies.
Turbulence, in the form of random fluctuations
in wind velocity and temperature, distorts the sound
waves. The effects can be seen as scattering of sound
into shadow regions and reduction of the strength
of both positive and negative interference. These effects are of importance mainly at high frequencies.
The project has studied several methods that act
on the medium of sound propagation, for example,
planting trees behind barriers to improve barrier performance in downward refraction situations, planting
a strip of trees along a road or artificially creating
upward refraction with sonic crystal-like barriers.

over a relatively broad frequency range, resulting
in a lower level than if no ground were present.
For shielding structures on the ground, for
example, noise barriers, height is the most important
property, assuming negligible sound transmission
through or around the sides of the barrier. Widening
the top of the barrier improves the acoustic effect.
Better performance is generally achieved if the barrier is placed near the source or the receiver. In an
inner city environment, it may therefore be preferable
to use a noise barrier relatively low in height if it can
be located near the traffic sources. To improve the
performance of such barriers, the width is increased
and the materials on the top and faces of the barrier
are carefully chosen. The materials should be acoustically soft, and in urban environments, with many
sound reflections, it is crucial to choose acoustically
absorbent materials. In general, important sound
reflection can occur from the facades of the urban
canyon, from the surfaces of noise barriers, and
from the surfaces of vehicle bodies, primarily in the
case of large heavy road vehicles and rail vehicles.
The project has examined several methods that act
on the boundary, including softening hard ground,
roughening flat ground, barrier design, and using
absorbent materials on barriers, facades, and roofs.

Low barriers

Experiments – 2-lane road

BOUNDARY

In flat terrain, both direct sound from the source
and ground-reflected sound can reach the listener.
The effect of the interaction between direct and
reflected sound is called the ground effect. At some
frequencies, direct and reflected sound partly cancel
each other out, which causes the sound level to be
lower than if the ground were not present. At some
other frequencies, the two sound waves reinforce
each other, making the level higher than it would
be if the ground were not present. For traffic noise
propagating above an acoustically hard ground,
such as asphalt, the two sound waves added together will normally lead to an increased noise level.
However, above an acoustically soft ground, such
as a lawn, the two waves may cancel each other out

Vegetated substrate. No inner core - 0.4mx1mx14m
Quai Fulchiron, Lyon (FP7-HOSANNA)
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Gain = 5 dB(A)

Innovative noise barriers, using natu
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An efficient way to reduce ground transport noise is to block the noise by erecting barriers or

elements near
the source. Forcore
example, high noise
barriers or earth berms are often construc
Vegetated substrate. With
inner
0.4mx1m
along motorways and railways to protect noise-exposed residents. Such solutions may not wo
dense urban settings because of space limitations, traffic safety considerations, or aesthetic r
Canyon
street
However, small barriers, less than 1 m high, can be useful in such situations if properly design

Novel solutions for quieter and greener cities

Conventional barriers are made of wood, metal, or
concrete. However, alternative materials may be more
cost-effective, provide better noise reduction, and
improve aesthetic values. Examples include recycled
materials from industries and local communities and
natural materials such as stones, soil and vegetation.
The project developed and evaluated several

innovative noise barrier solutions, including low
height barriers, lightweight barriers at bridges,
vegetated barrier caps, and earth berms of vario
designs. The project also tested a new type of ba
rier, called the sonic crystal barrier, which cons
a set of cylinders structured in a way that optim
noise reduction in specific frequency regions.

Innovative noise barriers, using natural and recycled materials

B only

L
= 3 dB(A)
L+R = 8 dB(A)

A+B

L+R = 16 dB(A)

Rådsten-Ekman M, Vincent B, Anselme C, Mandon A, Rohr R, Defrance J, Van Maercke D, Botteldooren D,
Nilsson ME, Case-study evaluation of a low and vegetated noise barrier in an urban public space, InterNoise 2011
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that can provide acoustic absorption, water retention,
and local climate modification via plant transpiration.
Below is an image of the construction principle and
an application in the vicinity of a historical building.
LOW- H E I G HT N O I S E BA R R I E R S

Low-height noise barriers are small barriers whose
width and height do not exceed 1 m, erected to reduce rolling noise from cars or trams. Such barriers
can be used in dense urban areas to protect pavements and benches near roads or rails from noise.
Several configurations of low-height barriers
(e.g., using stone gabions or vegetation) have been
studied in the project. We demonstrated that lowheight barriers can protect pedestrians, cyclists,

and nearby residents from noise, provided that the
barriers are well designed and located near the
sound source. This is possible in situations with
limited traffic speed, such as in city centres.
In an open space, a 1-m-high straight barrier made
of a 40-cm-wide mixture of natural fibres and mineral
materials, with a rigid core, installed along a two-lane
road can potentially reduce road traffic noise by about
9 dB(A) compared with an untreated situation, in a
region 2–50 m behind the barrier, the height of the
receiver being 1–5 m. The noise reduction can decrease
by a few decibels in the case of a canyon street, but
increase by a few decibels if a second similar low-height
barrier is constructed between the two lanes of the
road. For trams, the extra noise reduction obtained

Vegetated noise barriers
Lightweight low barriers at bridges
dB

Tramway

{#7} Overall decibel reduction (dB(A)) compared

{#8} Overall decibel reduction (dB(A)) compared to the same situ-

with the same situation without a barrier, calculat-

ation without a berm, calculated for a low-height stair-case shaped

ed for a 1-m-wide and 1-m-high gabion barrier made

earth berm close to a high speed train (left) or motorway (right) at

of 15–20-cm-dimension stones (top) and porous clay

a 4 m high embankment (top) or on flat terrain (bottom)

(bottom), in the case of a two-lane urban road
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Novel solutions for quieter and greener cities

{#9} Light weight vegetated
barriers at bridge.

by adding a second central barrier is approximately 8
dB(A) compared with a single barrier beside the rail,
which reduces the noise by approximately 12 dB(A).
In the case of a 1-m-high standard gabion made
of 15–20-cm-dimension stones along a two-lane
urban road, the acoustical noise reduction is 3–8
dB(A) compared with an untreated situation, for a
receiver located 2–50 m behind the barrier and 1–5
m above ground. Replacing stones with porous clay
will attenuate the sound by an extra few dB(A).
If we consider rigid sonic crystals combined
with a low-height straight barrier installed along a
two-track tramway, the noise reduction is up to 10
dB(A) compared with an untreated situation, for
a receiver located 2–50 m behind the barrier and
1–5 m above ground. Adding a 2-cm layer of hemp

concrete to the surface of the cylinders leads to additional noise reduction of approximately 7 dB(A).
For grass-covered low-height berms (i.e., 1 m high
and 1 m wide) with slopes containing large irregularities up to 25 cm in depth, the acoustical noise reduction
is up to 8 dB(A) compared with an untreated situation,
in the case of both urban roads and tramways, for a
receiver located 2–50 m behind the barrier and 1–5 m
above ground. Low-height berms function along higherspeed railways and motorways as well, provided the
infrastructure is significantly embanked. With a 4-mhigh embankment, the acoustical noise reduction is up
to 7 dB(A) compared with an untreated situation, for a
receiver located 2–50 m behind the barrier and 2–10 m
above ground for the train and 2–5 m for the motorway.

Gain: 12 dB(A)
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Innovative noise barriers, using natural and recycled materials

distance

― rigid barrier

― absorbing barrier (Vegetation substrate with inner rigid core)

4-lane road
Gain: 7 dB(A)
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Vegetated noise barriers
Low earth berms

Gain: 6-10 dB(A)

Best shapes: 1, 5, 6
Worst shapes : 2, 4

Defrance J, Jean P, Koussa F, Van Renterghem T, Kang J, Smyrnova Y, Innovative barriers, Chapter 2 of
Environmental Methods for Transport Noise Reduction (HOSANNA handbook), ISBN : 978-0-415-67523-9, 2015
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Perceptive assessment (auralization)
Example of project: Renewal of Place de la Nation

https://www.youtube.com/w
atch?v=3d0-kgnM6OI

19

Contents
Context
Trees
Greening the buildings
Vegetated noise barriers
Concluding remarks

Concluding remarks
NBS dedicated to Noise Abatement?...
Efficient in some situations, not adapted to others…
Just a piece of the puzzle
that can provide acoustic absorption, water retention,
and local climate modification via plant transpiration.
Below is an image of the construction principle and
an application in the vicinity of a historical building.

and nearby residents from noise, provided that the
barriers are well designed and located near the
sound source. This is possible in situations with
limited traffic speed, such as in city centres.
In an open space, a 1-m-high straight barrier made
of a 40-cm-wide mixture of natural fibres and mineral
materials, with a rigid core, installed along a two-lane
road can potentially reduce road traffic noise by about
9 dB(A) compared with an untreated situation, in a
region 2–50 m behind the barrier, the height of the
receiver being 1–5 m. The noise reduction can decrease
by a few decibels in the case of a canyon street, but
increase by a few decibels if a second similar low-height
barrier is constructed between the two lanes of the
road. For trams, the extra noise reduction obtained

Noise abatement in the range 5-15 dB(A): not too bad…
Vegetated low barriers promising solution (in some cases)
L OW- H E I G HT N O I S E B A R R I E R S

Low-height noise barriers are small barriers whose
width and height do not exceed 1 m, erected to reduce rolling noise from cars or trams. Such barriers
can be used in dense urban areas to protect pavements and benches near roads or rails from noise.
Several configurations of low-height barriers
(e.g., using stone gabions or vegetation) have been
studied in the project. We demonstrated that lowheight barriers can protect pedestrians, cyclists,

{#9} Light weight vegetated
barriers at bridge.

by adding a second central barrier is approximately 8
dB(A) compared with a single barrier beside the rail,
which reduces the noise by approximately 12 dB(A).
In the case of a 1-m-high standard gabion made
of 15–20-cm-dimension stones along a two-lane
urban road, the acoustical noise reduction is 3–8
dB(A) compared with an untreated situation, for a
receiver located 2–50 m behind the barrier and 1–5
m above ground. Replacing stones with porous clay
will attenuate the sound by an extra few dB(A).
If we consider rigid sonic crystals combined
with a low-height straight barrier installed along a
two-track tramway, the noise reduction is up to 10
dB(A) compared with an untreated situation, for
a receiver located 2–50 m behind the barrier and
1–5 m above ground. Adding a 2-cm layer of hemp

concrete to the surface of the cylinders leads to additional noise reduction of approximately 7 dB(A).
For grass-covered low-height berms (i.e., 1 m high
and 1 m wide) with slopes containing large irregularities up to 25 cm in depth, the acoustical noise reduction
is up to 8 dB(A) compared with an untreated situation,
in the case of both urban roads and tramways, for a
receiver located 2–50 m behind the barrier and 1–5 m
above ground. Low-height berms function along higherspeed railways and motorways as well, provided the
infrastructure is significantly embanked. With a 4-mhigh embankment, the acoustical noise reduction is up
to 7 dB(A) compared with an untreated situation, for a
receiver located 2–50 m behind the barrier and 2–10 m
above ground for the train and 2–5 m for the motorway.

We need to go further:
Creating new designs, combining natural and manufactured means…
And realizing much more such urban planning projects!
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Innovative noise barriers, using natural and recycled materials
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Concluding remarks
Completing the puzzle, Combining solutions

Van Renterghem T, Forssén J, Attenborough K, Jean Ph, Defrance J, Hornikx M, Kang J, Using natural
means to reduce surface transport noise during propagation outdoors, Applied Acoustics 92, 86-101 (2015)
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Thank you for your attention
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