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Holistic and sustainable abatement of noise by optimized 
combinations of natural and artificial means

The main idea of our project is to optimize the use of 

green areas, green surfaces and other natural 

elements in combination with artificial elements in 

urban and rural environments for reducing the noise 

impact of road and rail traffic.

HOSANNA – Main idea



• Low, thick barriers (vegetated, recycled materials, stone gabions)

• Taller vegetated barriers (with designed tops)

• Vegetated façade cassettes, for use in street canyon

• Grass roofs

• Inner yard treatments (façades, balconies, openings toward street)

• Trees, shrubs and bushes

• Ground improvements

• Roughness elements on 
hard ground

Toolbox examples



Illustration, 
T. Hennix, HOSANNA

Including combinations
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HOSANNA – Deliverables

• Summary brochure

• European workshops (Dec 2012–Jan 2013)

• Engineering prediction data

• Handbook: Environmental Methods for Transport Noise 
Reduction (Taylor & Francis)
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Default urban case

• Two-lane urban road
• 3.5 m between lanes
• Harmonoise/Imagine source model with source heights 0.01, 0.3 and 0.75 m
• 95% light vehicles and 5% heavy
• Speed 50 km/h
• Flow 27 500 vehicles per day (1146 vehicles per hour)
• Receiver height 1.5 m

S1,3

S1,2

S1,1

S2,3

S2,2

S2,1 Zasph Zterrain
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Innovative barriers (CSTB)



Innovative barriers

• Approach: 
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Innovative barriers

• Many applications:

• Approach: 

Gabions Low-height
vegetated
barriers

Sonic crystal
assisted
barriers

Vegetated
caps

14 15Novel solutions for quieter and greener cities Innovative noise barriers, using natural and recycled materials

LIGHT-WEIGHT VEGETATED BARRIERS AT 

BRIDGES

Traffic travelling over bridges in urban areas may expose 
pedestrians and cyclists in areas below the bridges to 
noise. Thin rigid 1-m-high noise barriers along the edg-
es of such bridges may reduce noise levels in the receiv-
ing areas by up to 4 dB(A) in the case of a four-lane mo-
torway, and by up to 10 dB(A) for a two-track tramway, 
without disturbing the drivers’ view from the bridge. 
When the low-height barrier is made of a rigid core cov-
ered with thick absorptive material of natural fibres and 
minerals, the noise reduction may reach 5 dB(A) and 15 
dB(A) for the motorway and tramway, respectively. The 
high reduction for the tramway is due mainly to the 
absorption of multiple-reflected sound energy between 
the barrier and the tram body. This type of installation 
can promote walking and bicycling by ensuring accept-
able soundscape quality along the travelling path..

REFRACTIVE SONIC CRYSTAL

Refractive graded-index sonic crystal noise barriers 
(GRIN SC) are a class of sonic crystal barriers with 

cylinders placed parallel to the ground surface. By 
spatially varying the properties of the barrier, which 
in the simplest case consists of air and acoustically 
hard cylinders, sound waves propagating through 
the barrier can be redirected upwards (i.e., upward 
refraction). Parameters such as the cylinder radius, 
spacing between cylinders, and barrier formation (i.e., 
the outer shape of the structure) influence the bar-
rier’s performance. A beneficial aspect of GRIN SC 
noise barriers, within the targeted frequency range, 
is their lower reflectance (i.e., reflected energy in the 
direction of the source) than that of traditional noise 
barriers. GRIN SC noise barriers only function as 
refractive structures up to certain frequencies, above 
which other physical properties of the barrier exert a 
noise-mitigation effect for the receiver. The net noise 
reduction, expressed in dB(A), thus comprises the effect 
of a combination of noise-controlling mechanisms. 

A 1-m-wide and 2-m-high GRIN SC in-
stalled along a two-lane road can reduce noise by 
2–3.5 dB(A) at ear height and a minimum hori-
zontal distance of 10 m from the barrier.

While a conventional noise barrier’s efficiency 
decreases considerably in downwind conditions (i.e., 
blowing from source to receiver), berms are less 
sensitive to the action of such winds. With decreas-
ing berm slope angle, the negative action of the wind 
decreases significantly. It has been estimated that, 
in many cases, the average wind effect can be under 
1–2 dB(A) for berms with a slope of 18 degrees, or for 
steeper slopes with a flat top. Since noise barriers of 
the same height can be placed closer to the source 
than can berms, noise walls may be preferred when 
wind effects are ignored. When berms are sufficiently 
acoustically soft, similar shielding can be obtained if the 
top elevation of the wall and of the berm is the same.

Predictions indicate that earth berms with non-flat 
surfaces on their slopes and top can reduce noise more 
than can conventional, smooth trapezoidal berms. 
On flat rural terrain, this change in berm geometry 
from flat to stepped in profile can reduce noise by 4 
dB(A) compared with a conventional 4-m-high berm.

VEGETATED BARRIER CAPS

Existing noise barriers can be improved by planting 
vegetation along the top edge, which increases sound 
attenuation during noise propagation. Most conven-
tional barriers have “caps” (or crowns) made of porous 
wood cement. Replacing these with caps of planted 
growing medium (made of natural fibres and min-
eral materials) can substantially improve the acoustic 
performance. For a pedestrian or cyclist moving 1 m 
behind the barrier, the acoustical noise reduction due 
to a 1-m-wide element is 8–12 dB(A), compared with an 
uncapped straight barrier of the same overall height.

EARTH BERMS

Although berms require more space than do barri-
ers, they offer many non-acoustic benefits. The sense 
of openness is preserved and these berms can also 
be planted, which can improve visual attractiveness 
and increase their sound absorption. Other advan-
tages are a very long lifetime, limited maintenance 
cost, and few or no graffiti problems. Furthermore, 
excess material from other locations, such as soil and 
stones from construction work, can be recycled by 
constructing berms for noise-protection purposes. 

{#10} Overall decibel reduction (dB(A)) compared to the same situation without a sonic crystal barrier. Sound pressure levels predicted for a 

1-m-wide and 2-m-high refractive graded-index sonic crystal (GRIN SC) barrier. A point source is located on rigid ground 1.7 m to the left of 

the barrier. The orange-yellow lobe shows the focussing region of the structure and the blue region the area of significant noise reduction.

{#11} Complex shape earth berm
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Methodology

State of the Art: choice of the most adapted models

• Acoustic impedance
• Sound propagation

In this
presentation
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Noise barriers covered with substrate

Studied configurations

• T: Totally covered (4 m high)

• L: Lower half (2 m)
• C: center zone (2 m)
• U: upper half (2 m)
• A: Alternated 0.5 m strips

Absorbent arrangement
(Canevaflor substrate suitable for growing 
vegetation)

Motorway / Rural

 

HOSANNA Workshop  |  Innovative barriers
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Noise barriers covered with substrate

Results Focus (ΔIL)

Absorbent	
arrangement	 Pedestrian	*	 Zone	1	 Zone	2	 Zone	3	 Zone	4	

T	 2.9	 10.0	 7.8	 11.8	 12.2	

L	 2.1	 6.6	 4.4	 7.7	 7.6	

C	 1.8	 6.1	 4.3	 7.1	 7.1	

U	 1.5	 5.8	 3.6	 7.5	 7.4	

A	 1.9	 6.4	 4.0	 8.1	 7.4	
	

Flat

Trench

Absorbent	
arrangement	 Pedestrian	(*)	 Zone	1	 Zone	2	 Zone	3	 Zone	4	

T	 3.9	 4.7	 7.0	 6.1	 7.6	

L	 1.8	 2.6	 4.4	 3.8	 4.5	

C	 1.1	 1.9	 3.9	 3.3	 3.8	

U	 2.6	 2.8	 4.3	 3.7	 4.6	

A	 3.1	 3.6	 5.0	 4.4	 5.3	
	

Motorway / Rural

Objective 3 / 5 dBA

 

HOSANNA Workshop  |  Innovative barriers
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Noise barriers covered with substrate

Synthesis
• Canevaflor substrate (suitable for vegetation) appears to be a

very efficient alternative solution to treat classic rigid barriers

• When only half of the barriers surface is absorbent, the “strips”
arrangement generally shows the best performance

• For a totally covered situation, the acoustic gain is in the range:
5-8 dBA for a flat terrain,
6-9 dBA for a depressed road,
4-6 dBA for an embanked road,
8-10 dBA for a trench (except when too close)

• The narrower the trench, the higher the acoustic gain

HOSANNA Workshop  |  Innovative barriers



Low-height noise barriers

• Inter-track low barriers (tram case)
Barrier= Vegetation substrate with inner rigid core

No building

Zone 2

Zone 1
M1

Street canyon

Config. Pedest. Zone	
1 Zone	2

Left			B 2.7 10.3 3.5

Right		B 17.1 20.4 17.8

L+R				B 7.9 13.4 6.6

L+R			A&B 16.7 20.4 15.7

Config. M1

Left			B 5.6

Right		B 16.9

L+R				B 10.0

L+R			A&B 17.5

Left LeftRight Right



Low-height noise barriers

• Lightweight vegetated barriers at bridges

• Inter-track low barriers (tram case)

Tramway 4-lane road

― absorbing barrier
― rigid barrier

Barrier= Vegetation substrate with inner rigid core

No building

Zone 2

Zone 1
M1

Street canyon

Config. Pedest. Zone	
1 Zone	2

Left			B 2.7 10.3 3.5

Right		B 17.1 20.4 17.8

L+R				B 7.9 13.4 6.6

L+R			A&B 16.7 20.4 15.7

Config. M1

Left			B 5.6

Right		B 16.9

L+R				B 10.0

L+R			A&B 17.5

dBA dBA

Left LeftRight Right



Vegetated caps

Studied shapes (motorway)

Red: vegetation substrate with inner rigid core

Focus…
Cylinder

Gains	 Pedestrian	 Zone	1	 Zone	2	 Zone	3	 Zone	4	
ILref,rigid	 21.9	 19.5	 15.8	 19.7	 17.3	

DIL	(r=10	cm)	 4.1	 3.0	 1.5	 1.6	 1.7	

DIL	(r=20	cm)	 7.1	 3.5	 1.7	 1.9	 1.8	

DIL	(r=30	cm)	 9.1	 3.9	 1.9	 2.2	 1.9	

DIL	(r=40	cm)	 10.7	 4.3	 2.1	 2.5	 2.2	

DIL	(r=50	cm)	 12.2	 4.8	 2.4	 2.8	 2.7	

DIL	(r=60	cm)	 13.2	 5.2	 2.6	 3.0	 2.7	
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Vegetated caps

Studied shapes (motorway)

Red: vegetation substrate with inner rigid core

Focus…

T-shape
Gains	 Pedestrian	 Zone	1	 Zone	2	 Zone	3	 Zone	4	
ILref,rigid	 21.9	 19.5	 15.8	 19.7	 17.3	

DIL	(40	cm)	 6.1	 3.4	 1.9	 2.1	 2.0	

DIL	(60	cm)	 8.2	 4.3	 2.5	 2.8	 2.4	

DIL	(80	cm)	 9.8	 5.1	 3.0	 3.4	 2.9	

DIL	(100	cm)	 11.2	 5.8	 3.4	 4.0	 3.3	

DIL	(120	cm)	 12.5	 6.4	 3.8	 4.4	 4.1	

DIL	(140	cm)	 13.7	 7.0	 4.2	 4.8	 4.1	
	

 

Studied 
barrier zone 1 zone 3 

zone 2 zone 4 

1 m 

1 m 
1 m 

1.5 m 

1 m 

20 m 20 m  

Studied 
barrier zone 1 zone 3 

zone 2 zone 4 

1 m 

1 m 
1 m 

1.5 m 

1 m 

20 m 20 m 
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Vegetated barrier caps

Synthesis (ΔIL)

• Typical noise reduction of 5 dBA (1.5 m high)
appears to be feasible:

Cylinder: minimum diameter 100 cm

T-shape (all absorbent): minimum width 80 cm

T-shape (rigid lower part): minimum width 120 cm

Vertical baffles: minimum height 50 cm

• For pedestrians close behind the barrier, values
up to 10 dBA and more

• The closer to the barrier, the more effective; so
this mitigation solution is first dedicated to
pedestrians, cyclists, small recreational areas

HOSANNA Workshop  |  Innovative barriers
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Concluding summary

§Canevaflor substrate shows to be very well adapted to 
solutions such as low barriers and vegetated caps
(this product can be vegetated à no loss of sound absorbing 
properties)

§The acoustical effect of adding an extra inter-lane (street) or
inter-track (tramway) vegetated low barrier is very
significant

§The use of classic, smooth trapezoidal berms for rural
transportation corridors does not appear to be the most
efficient noise abatement solution using earth

§Low vegetated barriers at the edge of bridges seems to be a
very promising (easy to set) solution in order to improve the
soundscape for pedestrian and cycle paths underneath

HOSANNA Workshop  |  Innovative barriers



Recycled materials 
(University of Bradford)



UNCONSOLUDATED

CONSOLUDATED
WASTE
(DENSE)

(iii) Sound 
absorption 
and  
transmission

(i) Sound 
absorbing 

(ii) Sound 
absorbing 
and soil 
retention 

SOIL 
SUBSTRATE

WITH PLANTS

Combining green and recycled products

soil with a back
layer of densely
consolidated waste

mixed soil and 
granulated waste

soil with a front 
layer of lightly 
consolidated waste



Acoustic absorption and transmission loss 
applications

stainless steel 
containers

a growing medium with 
irrigation systems,

geotextiles

vegetation



Low maintenance high performance low density soil 
– acoustic models 

Summary of soil properties
Soil type Flow resistivity 

(exp.) 
(Pa.s/m2) 

Flow resistivity 
(theor.) 

(Pa.s/m2) 

Porosity 
(exp.) 

Porosity 
(theo.) 

Tortuosity 
(exp.) 

Tortuosity 
(theo.) 

Thickness 
(exp.) 
(m) 

Thickness 
(theo.) 

(m) 
Substratum 7,600 7,218 0.76 0.76 - 1.36 0.07 0.08 
Clay based  566,350 620,650 0.39 0.39 - 2.05 0.10 0.04 

 

High porosity and low flow 
resistivity increases sound 
absorption performance of low 
density soil.

Low density soil Normal garden soil – Clay based



Trees (iMinds/UGent)



• ...list

Tree belts along roads: planting schemes matter

...text

Specific combination 
of trunk diameter 
and planting scheme

Width and depth (D=15 
m) of belt are fixed

70 km/h

85 % 15 %

FDTD calculations 
by Timothy Van 

Renterghem 
(UGent)



Tree belts along roads: guidelines
How to increase shielding ? How to decrease 

basal area without 
affecting shielding 
(too much)?



Tree belts



Ground treatments (OPU, CSTB)



Pass-by Measurements with brick arrays
1440 household 
bricks deployed on 
an asphalt car park

Square lattice of bricks
Cell walls two bricks (0.2 m) high and 0.05 m thick
Cell dimensions 0.2 m � 0.2 m
16 m long
total width 1.1 m

32



Results of car pass-by tests at 1.5 m high receiver 10 m away

Insertion	loss	2.6	
dB

Car
38 km/h 



In-plane and raised ‘soft’ strips

q A raised ‘grass’ strip is predicted to 
result in 6 dB insertion loss (3 dB 
more than in-plane strip) at 1.5 m 
receiver

q A raised strip with slope ca 1 dB less 
effective
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SPL reference: 
SPL abatement: 
Insertion Loss: 

61.0 dB(A)
55.7 dB(A)
5.3 dB(A)

SPL reference
SPL abatement

The Open University, UK: Attenborough, K., Taherzadeh, S., et al.

Grass land: lawn/football field

grass, 50 m range 



Chalmers University of Technology

Jens ForssénTeknisk akustik

  63  125  250  500 1000 2000 4000
10

20

30

40

50

60

70

80

90

Frequency, Hz

A
−w

ei
gh

te
d 

so
un

d 
pr

es
su

re
 le

ve
l, 

dB

 

 

SPL reference: 
SPL abatement: 
Insertion Loss: 

61.0 dB(A)
53.0 dB(A)
8.0 dB(A)

SPL reference
SPL abatement

The Open University, UK: Attenborough, K., Taherzadeh, S., et al.

grass, 50 m range 

Grass land: thick, porous substrate



Soft ground and crops

Hard ground
1.5 mR = 50 m

Soft ground Corn or Wheat crops 1.0 m

Surface description 2-Lane road 
Insertion Loss 

(dB)
sports field (high flow 
resistivity)

5.5

Arable ground only
(low flow resistivity)

8.4

Arable ground + dense corn 13.7



Soft ground and crops

Hard ground
1.5 mR = 50 m

Soft ground Corn or Wheat crops 1.0 m

Surface description 2-Lane road 
Insertion Loss 

(dB)
sports field (high flow 
resistivity)

5.5

Arable ground only
(low flow resistivity)

8.4

Arable ground + dense corn 13.7

Hedge 
attenuation 
1–2 dB
(of which half is due 
to soft ground)

Hedges – Drive by Test



Greening buildings 
(USFD, iMinds/UGent, Chalmers)



Noise reduction: 3–4 dBA (driving speeds 30–70 km/h)

Vegetated façades of courtyard next to 
street canyon

30 Novel solutions for quieter and greener cities

VEGETATED OPENINGS TO COURTYARDS

Openings to courtyards can transmit noise, reduc-
ing the relative quietness of the non-exposed sides of 
dwellings. Compared with an enclosed courtyard, an 
opening facing a busy street can increase the aver-
age noise level in the courtyard by up to 15 dB(A) for a 
3-m-high opening and 18 dB(A) for a building-height 
opening of 19 m. In the case of an opening facing 
a non-trafficked street crossing a busy street, the 
noise level increases by approximately 6 dB(A) and 
10 dB(A) for opening heights of 3 and 19 m, respec-
tively. The noise level differences are relative to road 
traffic noise originating from the main street only, 
considering that no noise is coming from side roads.

Vegetating openings leading to courtyards can 
reduce noise by approximately 4 dB(A) for both an open-
ing directly facing a busy street and one facing a non-
trafficked side street. In all cases, the largest decrease 
in noise levels is found at the highest frequencies 
and for receiver positions near the opening, although 
attention needs to be paid to growing vegetation at dark 
places like courtyards opening (see also page 44).

VEGETATED COURTYARD FACADES

Having a quiet side bordering a dwelling would 
be useful to reduce the adverse effects of noise, 
such as annoyance and sleep disturbance. Meth-
ods that reduce noise in courtyards can therefore 
be valuable as a complement to noise reduction on 
the most noise-exposed facades of buildings. 

Noise levels in courtyards are lower with higher 
facade absorption coefficients. Vegetated facades in 
courtyards reduce noise from all sources situated out-
side the courtyard, and vegetated facades are also ben-
eficial for noises originating from inside the courtyard.

The effect of vegetated courtyard facades is great-
est at the highest frequencies and for lower receiver 
positions, with an average reduction of 4 dB(A), 
assuming non-vegetated facades with very low noise 
absorption. In an elongated courtyard abutting on a 
trafficked street, the longer side exposed to the traf-
fic means that vegetated facades reduce the noise only 
slightly, by not more than 0.5 dB(A). Higher noise 
reduction is obtained when halving street and courtyard 
geometries, but the reduction is still under 1 dB(A).

Vegetated courtyard facades



Vegetated entrance to the courtyard

Opening height Reduction
3 m       4–5 dBA

9 m    4 dBA

!



Vegetated roofs

32 Novel solutions for quieter and greener cities

ROOF BARRIERS 

A vegetated roof barrier positively affects the sound 
field in the courtyard by the presence of absorption at 
the diffraction edges. For example, a vegetated low-
height barrier can be installed along the edges of flat 
roofs nearest the courtyard, nearest the street canyon, 
or along both edges. When a barrier is placed along 
the roof edge nearest the canyon or the courtyard, the 

average noise reduction is approximately 1 dB(A) for 
a 0.6-m-high barrier. Placing low barriers along both 
sides of the central building reduces the noise by an 
average of 3 dB(A). For a narrow configuration with 
a street width of 10 m, the noise is reduced slightly 
more, by an additional approximately 1 dB(A). Note 
that low-height barriers without vegetation have an 
insignificant effect in terms of noise reduction.

Green roofs with short vegetated roof-edge barriers 

Noise reduction:
3–7 dBA depending on geometry



!

Example



Noise reduction:

3 dBA

8 dBA

Flat roof performs better without vegetation   

7.4 dBA

7 dBA

Calculated examples



Vegetated façades, roofs and roof barriers

Noise reduction:
4.4 dBA

3.3 dBA

4.6 dBA



1. Noise perception before and after mitigation 
(Stockholm University)

Perceptual effects, cont.

Road traffic noise (Lyon)

Barrier
No barrier

Annoyance reduction: 
1-2 dB less than expected 
from  dBA-reduction



1. Noise perception before and after mitigation 
(Stockholm University)

Perceptual effects, cont.

Road traffic noise (Lyon)

Barrier
No barrier

Annoyance reduction: 
1-2 dB less than expected 
from  dBA-reduction

Tram noise (Grenoble)

Grass
Asphalt

Annoyance reduction: 
1-2 dB more than expected 
from  dBA-reduction



Projekt C/O City: piloter och modellstudier

Koordinerat av Stockholms stad



C/O City Project: model study with 
vegetated facades



Geometry and traffic flows



Results



Urbana akustikskärmar
Urban Acoustic Screens

VINNOVA-finansierat projekt, 2014-2017



Partners
Chalmers
Stockholms universitet
Stockholms stad, Miljöförvaltningen
Stockholms stad, Trafikkontoret
Konstfack + Mikael Pauli
Stockholm konst
Tyréns AB
Z-bloc Norden AB
CSTB, Frankrike (underkontrakterade)

Kontakt: Jens Forssén, Teknisk akustik, Chalmers
jens.forssen@chalmers.se

Urbana akustikskärmar



Inspirationsbilder...



Foto av uppförd skärm på Liljeholmsbron 2017



Året efter











• DemoVirPEN – en demonstrator av ett 
planeringsverktyg med ljud 

• God ljudmiljö i stationssamhällen

• Kombination av buller och luft 
MaGNA – Morphology and Greening for Noise and Air 
quality. Formas

Pågående projekt



MaGNA



MaGNA



MaGNA



Jens Forssén, Avd. Teknisk akustik
jens.forssen@chalmers.se

Sammanfattning

• Var med tidigt i processen
• Beakta alla verktyg


