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ñNoise pollutionò

It is typical from our time to consider noise as a pollution, the expo-
sure to which provoking diseases just like polluted air, where the im-
age comes from. On one hand, since oneôs mobility has drastically 
increased for the last 40 years, creating a hectic car and train trafýc, 
and since in most of the cities, the last available plots are often close 
to main communication axis, it is therefore understandable that 
noise becomes gradually an important issue. On the other hand, the 
noise issue is raised along with a will to quantify living quality and to 
provide everyone a healthy environment: for instance, smoking has 
been recently banned from public spaces in european countries, in 
order to avoid lung cancer provoked by smoking passively. 

Protecting people against noise has thus a humanistic approach, 
improving (industrialised countriesô) peopleôs health, thus improv-
ing their living quality. However, it has become so much a reþex to 
protect one from noise, that it leads sometimes to overreact to urban 
contexts that are considered noisy. Indeed, noise is not equal to 
sound and we should not consider everything only black or white: 
obviously, nobody likes to be woken up by a car honk in the middle 
of the night , whereas some people ýnd a boat honk part of a har-
bourôs atmosphere, thus considering it as a positive sound. More-
over, experience tells that the more a living space is insulated from 
its surrounding noise, the more its inhabitants will feel disturbed by 
any noise that would still get to their ears...

Sound physics

In a physical point of view, it is difýcult to differenciate sound from 
noise. The ýrst point to consider is that the human earôs spectrum 
gets sound frequencies from 20 to 20ô000 Herz (Hz), and is espe-
cially sensitive to the ones ranging from 1000 to 4000 Hz, which are 
the language frequencies.

Sound waves basically need a support to move through space: 
either gas, liquid or solid. Complex physical formulas rule how the 
sound waves move in space and how they are reþected or absorbed 
in different ways by different materials. What is important to know 
for building physics is that low frequencies (below 100 Hz) tend to 
go through small-scale obstacles and are diffracted a lot, whereas 
high-frequency wavesôs behavior can be planned more easily: they 
go in straight lines, are reþected on a surface and their incidental 
knocking angle is the same as their reþecting angle, even if a part 
of the waves is transmitted through the material and another part is 
diffracted.
In the case of a solid surface, the denser and the more homoge-
neous the material is, the better the sound is transmitted. And open 
joints always let a lot of sound waves in, making the detailing of 
joints important...
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Building insulation against noise

In the speciýc ýeld of building acoustics, three sources of noise are 
usually considered: exterior noise, the noise made by the neigbour, 
and installations noise. Trafýc noise is the main focus of this short 
study, this is why the exterior noise will be described more precisely. 
Moreover, two ways of transmitting sound are considered: airborne 
sound and structure-borne sound, each of the two needing different 
construction answers. 
First, to insulate a building from its surrounding airborne noise, two 
strategies are mainly used in dwellings: either to insulate through 
mass or through multi layers: in the ýrst case, the part of the air-
borne sound that knocks the dense facade material is transmitted 
inside the material and is transmitted back to the air, due to the 
materialôs mass. In the second case, the airborne sound knocks the 
ýrst material layer, goes through, goes through the ýrst layer of air, 
then to the second material layer, etc. each time loosing a part of 
its energy. The wave energy is either transformed into heated air 
or mechanical energy through materialôs vibrating. Attention should 
however be paid on the fact that there is always one frequency that 
will go through, almost without being insulated at all, it is called the 
ñcoincidence effectò. Different materials can be chosen according 
to their density and elasticity. These 2 parameters deýne how much 
and from which frequencies a material absorbs.
Second, to insulate a building from structure-borne sound, since 
the sound is a vibration transmitted through a continuous material, 
the main strategy is to disconnect the different parts of the building 
through insulation, typically between facade and þoor, or between 
þoor and the ceiling below.

Trafýc noise

There are different kinds of trafýc noise, and different materials at 
disposal to insulate it. It is thus important to know which kind of 

frequencies should be insulated, thus which kinds of materials to 
use. For instance, a road with cars driving at 50 km/h will not have 
the same frequencies than a highway where cars drive at 120 km/
h.  The distance from the sound source to the inhabitantôs ear is 
also important, because sound naturally decreases with distance. 
Sound barriers for instance can be built between the noise source 
and the dwelling, or working places following the road, protecting 
the dwellings in a second row of buildings behind. Normally, facades 
should insulate the inside space from trafýc noise, with the danger 
of reþecting the noise to the neighbour... It could also be possible to 
think of an absorbing pavement that could lower the noise level, for 
instance. And if walls or earth slopes decrease sound, ponds reþect 
it, thus increase the transmission, and trees do not help so much.
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Reþections after meeting with Mr. Nijs

This part of the research comes out of a discussion with M. Nijs, 
one of the acoustics specialist in the architecture faculty. It does not 
cover the whole problem of trafýc noise, but it is more speciýcally re-
lated to my design. However, some principles can be used in several 
situations.

Dutch regulations

Until recently, the only way to build dwellings next to a noisy road 
was to build a noise wall along the road and dwellings behind, for 
two sound levels have to be measured to ensure the living quality: 
inside the dwelling, and just outside of the dwelling. So it was not 
allowed to integrate the sound barrier in the facade. But it changed 
recently, so it is now allowed to take the ñexteriorò measurement 
within a double facade, or a wintergarden.

Basic principle - Noise reþection

Still, the best way to deal with noise, or the most logical perhaps, is 
to build a continuous building along the road. That was a ýrst advice 
in the case of urban villas along a busy road: to lenghten the blocks, 
or to integrate a continuous protection facade along the road.

From this point of view, we deal with noise reþection: indeed, the 
basic principle is to shield, protecting the spaces behind from noise. 
So, since in my case it is important to have separate dwelling 
blocks, three facades have to be protected, one frontally in two side-
wise. It is more common to have to insulate one facade than three, 
thus it could be more difýcult to obtain the building permit.

The idea of the wintergarden on the front facade seems to work, the 
sealed single-glass to the road providing a good decrease in noise 
level, attention has just to be paid to the use of sound-absorbing 
material wherever the noise could be reþected (especially under the 
balconies).

On the two side facades, different ways are possible to deal with: 
reþection or absorbtion.
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Vertical elements

One way to deal with noise on the side facade is to attach some 
vertical elements to the facade, protecting facade and balconies. 
The number and the length of these elements have to be calculated 
according to the angle in which the noise comes (and of course ac-
cording to sun orientation and wind pressure).

The surface of these elements also has to be designed, so that 
noise is not reþected towards the dwellingsô windows, but absorbed 
by knocking the vertical elements. One material which is commonly 
used is a perforated metal plate with insulating wool pressed against 
it: the metal plate functions as a ñtransparentò material, letting the 
sound go through, and the insulation layer traps the sound in its air 
cavities and transfers sound energy to heat.

Absorbing principle in movable panels

In the case of a double-skin facade, with the inner skin as thermal 
facade and the outer skin made of slidable panels, it is possible to 
think of a section which allows the light in and not the noise, with 
porous material absorbing the noise knocking its surface. It is not 
common, there could be some leaks between the panels, but these 
leaks are acceptable until 3% of the total facade surface as a rule.
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The sound energy is thus transferred to heat and vibration, so it is 
important to disconnect the outer skin from the thermal facade, and 
it actually corresponds to stopping cold bridge, so technically it does 
not give any new problem...

Trapping the noise in bottles

The principle of trapping noise has been used since Antiquity to 
improve the acoustc comfort of some rooms: Jars are integrated 
inside the walls of a room, with their throttle open, towards the room. 
The sound enters the container easily through its throttle, and re-
þects several times within the container until all its energy is dissi-
pated. The only problem of this system is that each container has a 
resonance frequency, which functions like when someone whistles 
in a beer bottle, thus it is necessary to provide different volumes of 
containers, thus different resonance frequencies. 

This principle could be applied to dwellingsô facades, for instance 
with recuperated pet bottles...




