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Description

[0001] This invention is concerned with a noise reducer for acoustical barriers, particularly for protecting dwelling
areas from noise coming from highways and railways, although it can be applied for protection from noise generated
in industrial yards, quarries, and the like.

[0002] Acoustical barriers as presently installed along urban and suburban stretches of highways or the like generally
comprise panels of porous concrete or other material, which are erected to form a wall on the side of the highway,
which wall partly absorbs and partly reflects the acoustical waves generated by the vehicles in transit. The purpose of
such barriers is eliminate or at least attenuate the noise level, or "acoustical pollution", which otherwise would reach
the houses placed along the highway, propagating as a spherical acoustical wave from its source, i.e. from the passing
vehicle, which is typically only slightly above the highway ground. In order to provide an effective protection, the barrier
should therefore extend upwardly to a height intercepting an imaginary line connecting the pavement of the highway
to the highest stories of the buildings behind the barrier; the wave diffraction beyond the barrier edge is here disre-
garded. It is evident that, if buildings have four or five stories or more, the barrier should be several meters tall, say 8
to 10 meters or more, with unacceptable associated costs, and with an unpleasant impact on the environment.
[0003] In practice, as known, acoustical barriers are mostly erected in heights not exceeding 2 to 3 meters, thus
accepting an acoustical protection which is limited to the lower stories of the buildings which should be protected.
[0004] Inordertoimprove the efficiency, barriers have been proposed which comprise a fence or wall having a sound-
absorbing member arranged on its top. EP-A-0 315 710, for instance, describes a sound-absorbing pipe to be fastened
along the top of fences or side walls, and comprising a tubular, cylindrical member having a reticular wall and enclosing
a lining of sound-absorbing material such as rock wool.

[0005] Also, EP-A-0 560 200 describes an antinoise barrier comprising a plurality of perforated tubular members
arranged side by side, and each having an interior lining of a sound-deadening material. The wall of each tubular
member is typically a perforated metal band that is helically coiled to form a tube.

[0006] Such tubular members lined with a sound-deadening material as provided by the prior art are, however, of a
relatively expensive construction, and, moreover, they are quite cumbersome and take a large space when they are
shipped or stored.

[0007] The main object of the invention is therefore to provide a noise reducer for use on top of sidewalls, barriers,
etc., that can be manufactured by simple and cheap procedures, and without a need for dedicated, high-cost equipment.
[0008] The above and other objects and advantages, such as will appear from the following disclosure, are achieved
by the invention with a noise reducer for improving the effectiveness of an acoustical barrier,

comprising the features recited in claim 1.

[0009] Preff embodiments of the reducer of the invention are specified in the dependent claims.

[0010] A few preferred embodiments of the invention will now be disclosed, by way of non-limiting example, with
reference to the attached drawings, wherein:

Fig. 1 is view in front elevation of an acoustical barrier provided with a noise reducer according to a first preferred
embodiment of the invention;

Fig. 2 is a view in transverse cross-section made on line A-A of Fig. 1;

Fig. 3 is a view in transverse cross-section, to an enlarged scale, of the noise reducer according to the first em-
bodiment of the invention;

Fig. 4 is a view in transverse cross-section, also to an enlarged scale, of a noise reducer according to a second
embodiment of the invention;

Fig. 5 is a view in transverse cross-section, also to an enlarged scale, of a noise reducer according to a third
embodiment of the invention;

Fig. 6 is a view in transverse cross-section, also to an enlarged scale, of a noise reducer according to a fourth
embodiment of the invention.

[0011] Figs. 1, 2 and 3 show a first embodiment of the invention, as applied to a partly transparent barrier. On a row
of footstalls 10 sunk in the ground on the side of a highway not shown, respective stakes 12 made of metal beams,
say H-beams, are supported by means of flanges 11. Prefabricated panels 14 of porous concrete are arranged between
the stakes. Above panels 14 and between stakes 12, respective sheets 15 of transparent polymetacrylate are also
arranged, and finally girders 16 fastened through flanges 17 extend between the tops of stakes 12.
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[0012] A noise reducer is arranged along the top of the barrier, which noise reducer comprises spiral tubes 18 of
perforated aluminum plate which is curved helically and is laterally swaged (as is known to a person skilled in the art),
of about 300 mm diameter. Tubes 18 lie longitudinally on the top of the barrier and are fastened to the barrier by means
of straps 19 having their opposite ends attached to stakes 12 or to girders 16 with bolts 20. The ends of spiral tubes
18 are joined to one another by means of bolted joints 21, which comprise respective enveloping plates or stubs of
spiral tube of slightly larger diameter, not shown.

[0013] The plate of tubes 18 is riddled with holes of, say, 5 mm diameter, the percentage of riddling being 30 to 35%.
Within the tube, fiberglass 25 is placed within the tube as a lining arranged peripherally along its inside wall. The
fiberglass has a preferred density of about 80 kg/m3.

[0014] Experiments conducted on a barrier so improved by the addition of the noise reducer as described above
have shown that the barrier provides a noise reduction equivalent to a conventional barrier which is 1 to 1.5 m taller.
In other words, the noise reducer with 300 mm diameter has a effect equivalent to a barrier raising made conventionally
with panels of porous concrete, in a degree of 3 to 4 times its diameter.

[0015] A 2-meter high acoustical barrier was subjected to tests in an anechoic room, with and without the noise
reducer of 300-mm diameter as described above. As a source of noise, a loudspeaker was used which was encased
in a perforated tube lying on the ground at 1.3 meters from the barrier and parallelly to it. A measuring microphone
was placed on the other side of the barrier at a height of 4 meters and at several horizontal distances D from the barrier.
A white-noise signal in the range 50 to 10,000 Hz was applied to the loudspeaker, at a arbitrary, high volume. The
overall sound levels L (50 to 10,000 Hz) were measured with the microphone in dB(A). The following results were
obtained:

Table |
D (meters) 3 4 5 6
L (dBA)
conventional barrier 75.7 731 71.2 69.7
barrier with spiral noise reducer | 71.2 68.8 67.3 66.5

[0016] It can be seen that the attenuation improvement brought about by the noise reducer of the invention is 3 to
4 dB, which amounts to a halving (or more) of the sound level with respect to the conventional barrier.

[0017] Fig. 4 shows a second embodiment of noise reducer according to the invention. The reducer is similar to the
first embodiment, and is mounted on the barrier in the same way, but it is formed from octagonal tubes of perforated
aluminum plate rather than from spiral tubes.

[0018] Preferably, each octagonal tubes is fabricated by bending two rectangular plates 22, 24 with four longitudinal
bends, to obtain respective half-shells each comprising five pans angled at 45° to one another, so that the two end
pans are parallel. The half-shells 22, 24 are then frontally approached and their respective end pans are overlapped
and then rivetted together to obtain the completed tube. The tube is then internally lined with a layer of fiberglass 25
similar to the fiberglass of Fig. 3.

[0019] The plate of half-shells 22, 24 is perforated in its intermediate pans with holes of 3 mm diameter, with a
percentage of perforation 25 to 30% of the overall surface.

[0020] Tests made in an anechoic room, identically to the tests described above, but with a 300 mm size reducer,
manufactured according to the second embodiment of the invention, have led to the following results:

Table Il
D (meters) 3 4 5 6
L (dBA)
conventional barrier 75.7 73.1 71.2 69.7
barrier with octagonal noise reducer | 72.0 70.4 68.4 67.2

[0021] The octagonal tube has the advantage that it can be manufactured with simple bending machines, and does
not require the more expensive equipment for the manufacture of spiral tube. Moreover, in the octagonal tube the
portion of the plate facing upwards may be left solid (i.e. non-perforated), so that fiberglass is partly protected from
rain and snow.

[0022] Fig. 5 shows a third preferred embodiment of a noise reducer according to the invention. Here the noise
reducer comprises a tube of aluminum plate shaped as an irregular, elongated hexagon, having a narrow base pan,
two wide, slightly diverging lateral pans, two narrow, sharply converging pans, and finally a horizontal, closing top pan.
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Only the lateral diverging pans are perforated, e.g. with 6-mm holes, with a perforation percentage of 30 to 35%.
[0023] Preferably, the tube of Fig. 5 is made from two half-shells of metal plate, a lower half-shell 26 and an upper
half-shell 28. Upper half-shell 28 has bent edges 30 coupling with the edges of lower half-shell 26 and rivetted to them.
The lateral diverging pans are preferably provided with stiffening creases 32, and, moreover, a metal C-section 34 is
internally rivetted to the upper half-shell, also for stiffening purposes. The internal surfaces of the diverging pans are
lined with respective fiberglass mattresses 36, similarly as described above.

[0024] Other tests were conducted, similar to the tests reported above. However, here the barrier was 1 meter high,
and the microphone was placed at a height of 3.15 meters, at several distances, with a conventional barrier, with a
barrier provided with the two first embodiments of noise reducer as described above (300 mm diameter), and with a
barrier provided with hexagonal-tube reducer, for an overall height of 400 mm. The results obtained are as follows:

Table Il
D (meters) 3 4 5 6
L (dBA)
conventional barrier 83.6 79.6 7.7 76.0
barrier with spiral noise reducer 79.9 77.3 76.0 74.3
barrier with octagonal noise reducer 79.6 76.2 75.5 74.3
barrier with hexagonal noise reducer 77.9 75.3 73.0 71.4

[0025] It can be seen that also the third embodiment of reducer gives similar results with those of the previous
embodiments, in fact slightly better. Moreover, the hexagonal-tube reducer has the advantage of a practically complete
protection of the fiberglass from the weather, due to to the upper half-shell extending over the entire width of the reducer.
[0026] The physico-acoustical mechanism which accounts for the effect provided by the noise reducer is not fully
understood. However, the explanation is believed to lie essentially in the alteration of the diffraction phenomenon which
the sound wave undergoes while passing over the top of the barrier. In the conventional barrier, the transition from the
stiff material of the barrier to the air is sharp, and the diffraction, which deviates a portion of the acoustical power
downwards, is therefore considerable. On the other hand, when the noise reducer is operating, the transition between
the two propagation media (barrier-air) is more gradual, and it is assumed that the wave striking the top edge is diffracted
to a lower degree. In other words, the fraction of power which, with the conventional barrier, would overcome the barrier
by diffraction, now will enter the holes in the plate and be absorbed by the sound-absorbing material. However, other,
less evident effects may possibly contribute.

[0027] Moreover, in the case of a noise reducer using a hexagonal tube, the enhancement of its effectiveness is
probably also aided by the reflected power fraction being deviated toward the ground by the inclination of the operative
surfaces of the reducer.

[0028] Fig. 6 shows the fourth embodiment of the invention, which is similar to the second embodiment shown on
Fig. 4, inasmuch as it comprises an octagonal tube 40 of perforated plate which is internally lined with fiberglass 42.
However, this embodiment also comprises a tube 44 with non-perforated wall, placed floating in the space left empty
by the fiberglass lining. Tube 44 may be a spiral tube with a thin wall (e.g. 0.5 mm) of galvanized steel, which is kept
in position by the fiberglass mattress.

[0029] The effect of the solid-walled tube 44 is to reflect back the fraction of sound power which, having entered the
outside tube, crosses the fiberglass barrage. This power, if the internal tube were missing, would emerge from the
holes of tube 18 on the opposite side, though further damped by the interposed fiberglass. In other words, tube 44
forms, together with outside tube 40, an annular space where the acoustic power is trapped and is damped progressively
while it bounces between both tubes.

[0030] Although aluminum plate is the preferred material for the manufacture of the tubes because of its lightweight,
the invention also envisages using steel plate in all the listed cases, and in this case welding might be more expedient
instead of rivetting.

[0031] The person skilled in the art will understand that the noise reducer according to the invention, in its various
forms an materials envisaged, can be manufactured without any special, expensive equipment being required, such
as moulds and the like, but rather by use of only conventional, well available machines, such as benders, rivetters and
the like.

[0032] The preferred embodiments disclosed above have been given by way of example, and the teachings of the
invention can be carried out in numerous other forms. The tubular members may be manufactured by other technologies
and have other geometries. In manufacturing the half-shells, the plates could curved rather than bent with sharp angles.
Moreover, another sound-absorbing material might be used instead of fiberglass, such as rock wool or other. The
fastening means might also be different. In particular, say in the third embodiment shown, it might be advantagaous
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to attach the noise reducer to the underlying barrier by means of bolts crossing the base pan of the lower half-shell,
and to assemble the upper half-shell onto it only after installation on the barrier.

Claims

Noise reducer for improving the effectiveness of an acoustical barrier (10, 12, 14, 15), comprising a plurality of
tubular members (18; 22, 24; 26, 28; 40) longitudinally fastenable along the top of the barrier and each having a
perforated wall which is internally lined with a sound-absorbing material (25; 36; 42), characterized in that each
tubular member comprises a pair of opposed half-shells (22, 24; 26, 28) of bent plate.

The noise reducer of claim 1, characterized in that the half-shells forming each tubular member are identical to
each other, and each of them comprises a C-bent rectangular plate (22, 24).

The noise reducer of claim 2, characterized in that each half-shell comprises a rectangular plate (22, 24) which is
bent with four bends to form a plurality of angled pans, of which the two end pans are parallel, two half-shells being
opposed so that their respective opposite end pans overlap.

The noise reducer of claim 3, characterized in that the two half-shells (22, 24) of each tubular member are perforated
only in the pans which are intermediate between the end pans.

The noise reducer of claim 3 or 4, characterized in that the half-shells (22, 24) of each tubular member are joined
by rivetting together the overlapping pans.

The noise reducer of claim 1, characterized in that each tubular member comprises a lower half-shell (26) with
two bends defining an intermediate, narrow pan and two lateral, diverging, wide and perforated pans, and an upper
half-shell (28) with two bends defining three non-perforated pans, with bent outside edges (30) coupling with the
respective edges of said lateral pans of the lower half-shell (26).

The noise reducer of claim 6, characterized in that the bent edges (30) of the upper half-shell (28) are rivetted to
the edges of the lower half-shell (26).

The noise reducer of any of the preceding claims, characterized in that said plate is aluminum.

The noise reducer of any of the preceding claims, characterized in that said plate is steel.

Patentanspriiche

1.

Larmreduziereinrichtung, um die Wirksamkeit einer Larmschutzwand (10, 12, 14, 15) zu verbessern, mit einer
Vielzahl von réhrenférmigen, entlang der Spitze der Schutzwand festhaltbaren Kérpern (18; 22, 24; 26, 28; 40),
die je eine geldocherte, innen mit schallschluckendem Material (25; 36; 42) gefiitterte Wand aufweisen, dadurch
gekennzeichnet, dal} jeder réhrenférmige Korper cin Paar von entgegengesetzten, aus gebogenem Blech beste-
henden Halbschalen (22, 24; 26, 28) umfalit.

Larmreduziereinrichtung nach Anspruch 1, dadurch gekennzeichnet, daf’ die Halbschalen, die jeden réhrenférmi-
gen Korper bilden, miteinander gleich sind, und daf} jede von diesen ein C-gebogenes rechteckiges Blech (22,
24) umfaldt.

Larmreduziereinrichtung nach Anspruch 2, dadurch gekennzeichnet, dal} jede Halbschale cin rechteckiges Blech
(22, 24) umfaldt, das mit vier Falten gebogen ist, die eine Vielzahl von gewinkelten Tafeln bilden, wobei die beiden
Endtafeln parallel sind, und wobei zwei Halbschalen so entgegengesetzt sind, dal} ihre jeweiligen entgegenge-
setzten Endtafeln Ubereinanderliegen.

Larmreduziereinrichtung nach Anspruch 3, dadurch gekennzeichnet, dafl} die beiden Halbschalen (22, 24) von
jedem réhrenférmigen Korper nur in jenen Tafeln geldchert sind, die zwischen den Endtafeln dazwischenliegen.

Larmreduziereinrichtung nach Anspruch 3 oder 4, dadurch gekennzeichnet, daf} die beiden Halbschalen (22, 24)
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von jedem réhrenférmigen Koérper durch Vernietung der Gbereinanderliegenden Endtafeln verbunden sind.

6. Larmreduziereinrichtung nach Anspruch 1, dadurch gekennzeichnet, daf3 jeder réhrenférmige Korper eine untere
Halbschale (26) und eine obere Halbschale (28) umfaflt, wobei die untere Halbschale zwei Falten aufweist, die
eine enge Zwischentafel und zwei breite, gelécherte, auseinanderlaufende Seitentafeln bilden, wobei die obere
Halbschale (28) zwei Falten aufweist, die drei ungel6cherte Tafeln bilden, deren gebogene Aussenrander (30) mit
den jeweiligen Randern der Seitenrafeln der unteren Halbschale (26) vereint sind.

7. Larmreduziereinrichtung nach Anspruch 6, dadurch gekennzeichnet, daf3 die gebogenen Rander (30) der oberen
Halbschale (28) an den Randern der unteren Halbschale (26) vernietet sind.

8. Larmreduziereinrichtung nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dal das Blech
ein Aluminiumblech ist.

9. Larmreduziereinrichtung nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dal} das Blech
ein Stahlblech ist.

Revendications

1. Réducteur de bruit pour améliorer I'efficacité d'un mur anti-bruit (10, 12, 14, 15), comprenant une pluralité d'élé-
ments tubulaires (18; 22, 24; 26, 28; 40) qui peuvent étre fixés le long du haut du mur anti-bruit, et ayant chacun
une paroi perforée qui est revétue a l'intérieur d'un matériel insonorisant (25; 36; 42), caractérisé en ce que chaque
élément tubulaire comprend une paire de demi-coques opposées (22, 24; 26, 28) de tole pliée.

2. Réducteur de bruit selon la revendication 1, caractérisé en ce que les demi-coques qui forment chacun des élé-
ments tubulaires sont identiques entre eux, et chacun d'eux comprend une tole rectangulaire repliée en C (22, 24).

3. Réducteur de bruit selon la revendication 2, caractérisé en ce que chaque demi-coque comprend une t0le rectan-
gulaire (22, 24) repliée avec quatre plis pour former une pluralité de panneaux en biais, dont les deux panneaux
terminaux sont paralléles, deux desdites demi-coques étant opposées et leurs panneaux terminaux respectifs
étant superposés.

4. Reéducteur de bruit selon la revendication 3, caractérisé en ce que les deux demi-coques (22, 24) de chaque
élément tubulaire sont perforées seulement dans les panneaux qui sont intermédiaires entre les panneaux termi-
naux.

5. Réducteurde bruit selon larevendication 3 ou 4, caractérisé en ce que les demi-coques (22, 24) de chaque élément
tubulaire sont assemblées par rivetage de leurs panneaux superposés.

6. Réducteur de bruit selon la revendication 1, caractérisé en ce que chaque élément tubulaire comprend une demi-
coque inférieure (26) ayant deux plis définissant un panneau intermédiaire étroit et deux panneaux latéraux, di-
vergents, larges et perforés, et une demi-coque supérieure (28) ayant deux plis définissant trois panneaux non-
perforés, avec rebords extérieurs pliés (30) se doublant aux rebords respectifs desdits panneaux latéraux de la
demi-coque inférieure (26).

7. Réducteur de bruit selon la revendication 6, caractérisé en ce que les rebords pliés (30) de la demi-coque supé-
rieure (28) sont rivetés aux rebords de la demi-coque inférieure (26).

8. Réducteur de bruit selon une quelconque des revendications précédentes, caractérisé en ce que la tole est en
aluminium.

9. Réducteurde bruit selon une quelconque des revendications précédentes, caractérisé en ce que latdle esten acier.
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