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Abstract. Sound insulation is mainly affected by the mass or density of the wall. Therefore, in order to compare their effecti-
veness depending on thickness, the specimens of the same density have been made. Sound insulation also depends on sound
frequency, and therefore frequency dependent analysis has been conducted. Considering all positions of thickness, the effecti-
veness of sound reduction has been dispersed with deep dips in some specific frequencies. Besides, the effectiveness of straw
and different configurations of reeds has been compared with respect to frequency bands.
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Introduction

An increase in noise level affects people not only in indus-
try but also in the living environment. The need for new
applications of addressing acoustic problems has been cons-
tantly growing. New or forgotten materials, which get the
necessary qualities while processing less, are investigated.

The effective treatment of waste is an important issue
throughout the world, including Lithuania. Priority is given
to a reduction in waste generation or stuff necessary to be
reused. Waste having no possibilities of being effective-
ly applied under original characteristics is processed into
secondary raw materials. The last option — energy reco-
very — should be used only for unrecyclable waste, since
relevant energetic processes are not possible without by-
products — gaseous environmental pollutants.

Waste-free production is not yet possible, but a ten-
dency towards the process of reusing waste in industry
is getting stronger. This is a solution not only to the pro-
blem of waste, but also to the conservation of resources.
Although the use of waste materials is still under develo-
pment, it is a promising area of processing a wide range
of products. If waste is also natural material, the product
becomes even more sustainable.

One of the potential merits of biobased products is the
utilization of renewable resources instead of non-renewable
resources (Kim, Dale 2004). The variety of usage reduces
the problem of waste deposition. In addition, natural fea-
tures of such natural materials can be directly used without
polluting production.

Straw could be one of the examples of potential na-
tural material. In times of independent Lithuania between

two world wars, 4 million tons of straw were produced
(Lietuvos kaimo... 2009). The amount of straw made in
Lithuania is calculated according to the grain crop area,
yield and individual plant species in grain and straw ratio
(Gurskis, Juodis 2007). Our production annually makes
around 3.5 to 4 million tons of straw a part of which is
used for animal feed, bedding, gardening, etc. Another part
suffers from the loss of harvest (Studijos Siaudy... 2007).
However, about 0.5 to 1.5 million tons of straw remain
unused. These by-products are often not valuated by far-
mers and disposed of as waste by incineration or digestion
in the field. Even rural areas can often face burned crops
of cut loose straw or unused straw stack, although this is
prohibited by the law and such conduct at the penalty. A
large part of straw (practically all crop farms are engaged)
is crushed and spread in the fields during harvest time,
although it is a low value fertilizer (Gurskis, Juodis 2007).

Reeds could be another example of potential natural
material. They compose overgrowths of river and lake sho-
res, wetlands and coasts and are not frequently found in
dry sandy soil. They have long rhizomes with roots intert-
wining with each other and form a dense water network.
During winter, their stems dry out leaving only underwater
roots alive. Naturally, only one type of reeds — the common
reed (Phragmites australis) (ZUE 2003) can be observed
in Lithuania.

Only the coast of the Curonian lagoon in Lithuania
can offer 8.5 thousand tons of reeds. When reeds reach a
height of 2 m, from 8 to 12t of dry weight reeds can be
obtained from one hectare (Kazragis, Gailius 2000).
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Reeds naturally growing in lakes create wildlife ha-
bitats (Raudonikis 2010). However, in some places, their
population has to be regulated in order not to succeed other
important species and to support the biodiversity of the pla-
ce. Reed cutting is a common option of managing seaside
and coastal habitats (Eglite 2005). If a sufficient market for
reed production were created considering various demands,
it would be easier and cheaper to plan and conduct the
restoration and maintenance of habitats.

Reeds have been used as construction material for
more than a thousand years. In the end of the 9" cen-
tury, first reed pressing machines were designed. Then,
reed blocks were used for building houses and church-
es in Nebraska. Roofs made of reeds and straw (thatch)
have become popular all over world, including Lithuania
(Pcelina 2008). Nowadays, reeds are being investigated as
thermo-isolating (Véjeliené et al. 2011) and noise absorb-
ing material (Chilekwa et al. 2006; Oldham et al. 2011).

The paper has investigated another important feature
of potential materials which is a reduction in the sound level
of dry straw and reed stems composed without additives.

Methodology

A laboratory method of measuring airborne sound insu-
lation of building elements such as walls is specified by
standard LST EN ISO 10140-2:2010.

Investigation was carried out in a noise suppression
chamber at the Department of Environmental Protection
of Vilnius Gediminas Technical University (VGTU). The
entire surface area (walls, flooring, ceiling, partition) of the
interior of the noise suppression chamber totals 70 m? and
is covered with 0.25 m of layer boards of cut acoustic foam
(cutting step of 0.15 m) of a conical form (Grubliauskas,
Butkus 2009). The rooms of the noise suppression chamber
are insulated from noise, vibration and thermal and hydro
effect from each other with regard to an external building
(Grubliauskas 2009).

Acoustic properties of reed specimens in the noise
chamber were analysed applying measuring equipment pro-
duced by Danish company Bruel & Kjaer and consisted of:

— real time-sound spectral analyser (Brue & Kjaer

mediator 2260);

— microphone 4189 (Bruel&Kjaer - 2 pcs.);

— power amplifier (Bruel & Kjaer - 300 W);

— omni-directional source with twelve speakers
(producer - Bruel & Kjaer; frequency characte-
ristics - from 100 to 3150 Hz) with a tripod the

regulated height of which varied from 1.3 to 2.0 m
(Fig. 2, 3).
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The levels of sound pressure were measured emplo-
ying a noise-and-vibration-recording device — Bruel &
Kjaer mediator 2260. A relative measuring error of this de-
vice is £1.5%. The instrument records sound in the frequen-
cy range from 6.3 to 20 kHz, has two measuring channels,
and therefore can simultaneously record sound at different
points using two microphones one of which is positioned
in the source room, whereas another — in the target room.
As the device is pre-installed with a processor and special
software, it statistically processes the measurement results
(Grubliauskas, Butkus 2009).

Reduction in sound level between two rooms sepa-
rated by specimens is evaluated according to the formula

()

where L; — medium equivalent sound pressure level in the

AL=1,~L,,dB;

source room, dB; L, — medium equivalent sound pressure
level in the target room, dB.

Preparation of Specimens

Specimens of chopped straw

A mix of chopped rye straw was used in the first experi-
ment. A diameter of straw varied from 1 to 5 mm (Véjeliené
et al. 2011) and their length made approximately 100 mm.
For convenient storage and transportation, they had been
pressed and tightened in the harvesting place. Straw-bale
(0.7x0.5%0.3 m) was separated in its own step — every
50 mm (Fig. 1).

Straw were put in the special frames made of fine
mesh. The used frames differed in thickness: 50 mm,
100 mm 150 mm and 200 mm. The filler was naturally
pressed not damaging the structure of straw and maintaining
the same density (~ 88 kg/m?) of every specimen.

Specimens of whole reeds
The specimens of whole reeds were designed as stems per-

pendicular to the source of noise. The specimens were cut

Fig. 1. Straw-bale and specimen preparation



to a height of 1 m and placed in the frame next to each
other. The diameter of reeds varied in a range of 5-10 mm
(Fig. 2). Reed mats are porous in nature and have gaps
along the length of reeds due to the irregularity of diame-
ters. These are connected with large voids between reeds,
which results in air paths through reed mats. Recent re-
search has established that due to a specific structure of
pores, thick reed mats have good characteristics of sound
absorption, including excellent performance at medium-
high frequencies (Jiménez Espada et al. 2009). The pre-
pared specimens of whole reeds had four types of thickness:
50 mm, 100 mm, 150 mm and 200 mm (Fig. 2).

The filler was pressed with natural force not dama-
ging the structure of reeds and reaching the same highest
naturally possible density (~ 125 kg/m?) of every specimen.

Specimens of chopped reeds

The specimens of chopped reeds were designed as stems
parallel (end-on) to the source of noise. The idea comes
from the wall of tiny end-on tubes with the length of the
thickness of the wall.

Reed stems (diameter varies in a range of 5-10 mm)
were cut into the length of 200 mm (maximum possible
thickness of specimens in the noise-suppression chamber)
and put together into small agile bundles. Directing the
stems parallel to the source of noise, the bundles were put
regularly next to each other and naturally pressed into the
equally distributed volume of the frame (Fig. 3). The fil-
ler was naturally pressed not damaging the structure of
reeds and reaching the highest naturally possible density
(~ 150 kg/m3) of specimens.

At a later stage, the same bundles of reeds were cut
into the length of 150 mm and put together in the frame
in the same manner (Fig. 4). The filler was pressed with
natural force not damaging the structure of reeds and rea-
ching the highest naturally possible density (~ 164 kg/m?)
of specimens.

The leftovers from cutting were 50 mm long. This
size of the stem particle is too small for parallel design.
Therefore, the residuals were put into special frames (50
and 100 mm thickness) as a random mix (Fig. 5). The filler
was naturally pressed not damaging the structure of reeds
and reaching the density (~ 164 kg/m?) of specimens.

The specimen (1 m X 1 m) was mounted in the orifi-
ce of the dividing wall of the noise suppression chamber.
Measurements were done in the frequency bands of 1/3
octave (in the range from 100 Hz to 3150 Hz).
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Fig. 2. The specimens of whole reeds are presented by four
types of thickness

Fig. 3. The process of preparing the specimens of chopped reeds
(200 mm thickness)

5 ik AR

Fig. 4. The process of preparing the specimens of chopped reeds
(150 mm thickness)



(thickness of 50 mm)

Results and Analysis

All specimens of straw had the density of approximately
88 kg/m? and the thickness of 50 mm, 100 mm, 150 mm
and 200 mm. It was predicted that thicker specimens should
have better sound insulation. It turned out to be true and the
trends towards every type of thickness were quite similar.

Straw specimens were the most effective at lower
frequencies. A reduction in sound level reached the peak
at the frequency of 125 Hz considering all types of thick-
ness. Then, a trend indicated a decrease in up to 1250 Hz
where an increase in effectiveness started in all types of
thickness (Fig. 6).
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Fig. 6. The dependance of reduction in sound level on the
thickness of straw specimens within frequency bands

The specimens of 200 mm thickness were the most
effective and reached 62 dB at the frequency of 125 Hz.
The lowest value of 24 dB at the frequency of 1250 Hz was
still good enough for noise barrier.

The specimens of 150 mm thickness reached the
effectiveness of 54 dB at the frequency of 125 Hz. Then,
a few trends followed: a decrease in up to 33 dB at the
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frequency of 315 Hz, an increase in up to 43 dB at the
frequency of 500 Hz and a drop again in up to 18 dB at
the frequency of 1000 Hz. However, at the frequency of
1250 Hz, effectiveness increased up to 22 dB. A similar
situation was observed at the frequency of 1600 Hz.

The specimens of 100 mm thickness reached the
effectiveness of 46 dB at the frequency of 125 Hz. Next,
the following trends could be observed: a decrease in 26 dB
at the frequency of 315 Hz, an increase in up to 33 dB at
the frequency of 500 Hz and a drop again in up to 13 dB at
the frequency of 1600 Hz where a growth in effectiveness
started.

The specimens of 50 mm thickness had similar effecti-
veness to that shown by the specimens of 100 mm. They
reached the effectiveness of 45 dB at the frequency of
125 Hz differing from specimens thicker than 50 mm in
only 1 dB. The thinnest specimens even had the superiority
of 2 dB at the frequencies of 315 Hz and 400 Hz compared
to specimens thicker than 50 mm. However, effectiveness
was dipping very fast to 6 dB at the frequencies of 1000 Hz
and 1250 Hz. Still, it increased fast enough differing in only
1-5 dB from specimens thicker than 50 mm.

Difference in 8 dB between the highest values of the
straw specimens of 200 mm and 150 mm thickness and
those of 150 mm and 100 mm thickness can be noticed.
Further difference in comparing these types of thickness
may vary from 2 dB to 19 dB.

The specimens of whole reeds had the density of about
125 kg/m3. All types of thickness (5 cm, 100 mm, 150 mm
and 200 mm) reached the greatest degree of effectiveness in
the range of high frequency varying from 2000 to 3150 Hz.
The influence of thickness was not as obvious in the range
of low frequency (100-500 Hz) as that in the range of high
frequency (Fig. 7).

At the frequency of 125 Hz, all specimens reached
the peak of efficiency in the range of low frequency. The
difference between 50 mm (16 dB) and 100 mm (23 dB)
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Fig. 7. The dependance of reduction in sound level on the
thickness of the specimens of whole reeds within frequency bands



specimens was 6 dB; however, it made only 3 dB between
100 mm and 150 mm (26 dB) specimens and no difference
was observed between the samples of 150 mm and 200 mm
(26 dB).

The specimens of the whole reeds of 200 mm thickness
showed even worse results than those of 150 mm thickness
in low and middle frequency ranges up to 1000 Hz. At
higher frequencies, the efficiency of specimens thicker than
50 mm was surpassing by 3—-18 dB.

At the frequency of 3150 Hz, the specimens of the
whole reeds of 200 mm reached the effectiveness of 50 dB,
while that of 150 mm specimens made 43 dB, 100 mm —
only 21 dB and 50 mm — 18 dB. Thus, a decrease in the
thickness of the specimens of the whole reeds of 50 mm
leads to a difference in 14%, 51% and 14% respectively.

All specimens of whole reeds had dips in their ef-
ficiency occurring at low frequency ranges. Additional
dips in the end of middle frequency ranges occurred in
the specimens of 50 mm and 100 mm thickness. Dips can
be explained by resonance effect at low frequencies and
coincidence effect at higher frequencies.

Resonance effect occurred on the specimens of the
whole reeds of 50 mm (3 dB) and 100 mm (9 dB) thickness
at the frequency of 200 Hz. For the specimens of 150 mm
thickness, the lowest value (11 dB) was noticed at the
frequency of 400 Hz. The efficiency of the specimens of
the whole reeds of 200 mm thickness decreased to 5 dB at
the frequency of 315 Hz. Coincidence effect was noticed
only in the specimens of the whole reeds of 50 mm and
100 mm thickness. Their critical frequency seems to be
1250 Hz where efficiency decreased to 9 dB and 12 dB
respectively. The coincidence effect of the specimens of the
whole reeds of 150 mm and 200 mm might be postponed
to higher frequencies, which are not taken into account in
this research due to limitations on norms.

To sum up information on the specimens used in this
research, an increase in the thickness of the composition
of whole reeds generally gives a better reduction in sound,
especially in high frequency range. However, compared to
the composition of the whole reeds of 200 mm thickness,
the composition of those of 150 mm thickness might be
seen as a more convenient choice. The latter has more
consistent growth and great efficiency of sound reduction
(23-43 dB in 800-3150 Hz). The specimens of chopped
reeds had the density of about 150 kg/m3. All specimens
had the highest efficiency in the frequency range from 2000
to 3150 Hz. The influence of thickness was obvious in all
frequency ranges for 200 mm and 150 mm end-on confi-
gurations (Fig. 8). The specimens of the chopped reeds of
50 mm showed different trends reaching the effectiveness
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of the specimens of the chopped reeds of 150 mm in the
range of low frequency, but were not as effective as those
in the range of high frequency. The explanation for these
different trends might be different orientation to chopped
reeds in two specimens. Thus, the specimens of the chop-
ped reeds of 100 mm surpassed the effectiveness of the
specimens of the chopped reeds of 200 mm in the ranges
of low and high frequency. However, in the range of middle
frequency, 200 mm end-on specimens were more effective
than those of 100 mm mixed configuration.
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Fig. 8. The dependance of reduction in sound level on the
thickness of the specimens of choppeed reeds within frequency
bands

At the frequency of 125 Hz, all specimens reached
the peak of efficiency in the range of low frequency. The
difference between 150 mm (18 dB) and 200 mm (22 dB)
specimens was 4 dB (20%). Those thinner than 100 mm
(mixed configuration) had the efficiency of 19 dB at the
frequency of 125 Hz compared to 150 mm end-on confi-
guration having the efficiency of 18 dB.

At the frequency of 2500 Hz, the specimens of the
chopped reeds of 200 mm (end-on) reached 31 dB, differing
by 20% from the specimens of chopped reeds (end-on) thin-
ner than 50 mm. The latter reached the maximum efficiency
(29 dB) at the frequency of 3150 Hz. Although the mix of
the chopped reeds of 50 mm thickness was more effective
at higher frequencies, it did not follow the trend towards
end-on configurations and was less effective compared to
the end-on reed specimens of 150 mm thickness.

All specimens of chopped reeds had dips in their effi-
ciency occurring in the range of low frequency. Resonance
effect on the specimens of chopped reeds occurred at the
frequency of 200 Hz for 50 mm (5 dB), at the frequency
of 250 Hz for 100 mm (7 dB), at the frequency of 315 Hz
for 150 mm (7 dB) and at the frequency of 250 Hz for
200 mm (9 dB) samples.



Coincidence effect was postponed to higher frequen-
cies and not taken into account in this research because of
limitations on norms.

Concluding data on the specimens used in this rese-
arch, an increase in the thickness of the composition of
chopped reeds generally gives a better reduction in sound,
particularly in the range of high frequency. However, the
mixed configuration of 50 mm thickness gives as good re-
sults as those of 150 mm end-on configuration, but only in
low frequency range. The mixed configuration of 100 mm
thickness gives even better results than those of 200 mm
end-on configuration at low and high frequency range.

The efficiency of different specimens (straw mix,
whole reeds perpendicular to the source of noise and the
mix of chopped reeds) of the same 50 mm thickness was
analysed. The best choice of efficiency differed depending
on frequency range (Fig. 9).
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Fig. 9. The dependance of reduction in sound level on the ma-
terial configurations of 50 mm thickness within frequency bands

The most effective specimens of the straw mix made
40-27 dB and were found in the range of low frequency.
However, it was the least effective in middle frequency
range dipping to 6 dB at the frequency varying from 1000
to 1250 Hz.

The specimens of whole reeds were generally more
effective than those included in the mix of the chopped
reeds of the same thickness. The highest peak at the frequ-
ency of 630 Hz was 20 dB compared to 9 dB for the mix
of chopped reeds, which, however, was about 20% more
efficient than whole reeds at the frequencies varying from
100 to 200 Hz and from 2500 to 3150 Hz.

A comparison of the specimens of the straw mix of
100 mm thickness, whole reeds perpendicular to the source
of noise and the mix of chopped reeds indicate that the effi-
ciency of straw was obvious in the range of low and middle
frequencies (Fig. 10). As for high range frequency, the mix
of chopped reeds surpassed other specimens reaching 31 dB
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at 2500 Hz. Still, when dipping to its coincidence frequency
(1600 Hz), the specimens of the straw mix reached the
same efficiency as those of whole reeds and made 13 dB.
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Comparing the specimens of the straw mix of 150 mm
thickness, whole reeds perpendicular to the source of noise
and chopped reed end-on to the source of noise, the effi-
ciency of straw was the highest in the range of low and
middle frequency (Fig. 11).
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Only in its coincidence frequency (1000 Hz) the effi-
ciency of the specimens of the straw mix dipped to 18 dB
and ended in worse results than those of the specimens of
whole reeds. The specimens of whole reeds perpendicular
to the source of noise were more efficient than the end-on
configuration of chopped reeds in all frequencies. Only at
the frequency of 400 Hz, the efficiency of perpendicular
reeds dipped to the efficiency of end-on reeds (11 dB).

A comparison of the specimens of the straw mix of
200 mm thickness, whole reeds perpendicular to the sour-
ce of noise and chopped reed end-on to the noise source
discloses that the highest efficiency of straw was found in
the range of low and middle frequency (Fig. 12).



Only dipping in its coincidence frequency (1250 Hz)
straw specimens were surpassed by those of whole reeds
that were generally more effective than chopped reed
end-on configuration. Only a dip in resonance frequency
(315 Hz) made perpendicular reeds 50% less effective than

end-on reed.
70
2 g9
60 .
., 53
3 so |25 T s
g 23 g a 2/
= .. 38 37—
R 3
- - 3
H =0 Al
E 30 26 ){} et = f
= 23 ’ N
: |7 LT
220 {1ghe>E N\ 161 21
@ Yis ST o 15 14, e iC]
~ N — -
N VAR Nt A= L €]
N l-1 12
10 =570
0

100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150

Frequency, Hz
--------- Straw = —Reed perpendicular = = = Reed end-on

Fig. 12. The dependance of reduction in sound level on the ma-
terial configurations of 200 mm thickness within frequency bands

Discussion

The obtained results are quite surprising because the pre-
vious researches have showed that walls made of straw are
more effective in the range of middle and high frequency
(Janusevicius 2011; Askelovic et al. 2011). Differences in
the results could be explained by differences in the material
itself and used constructions. First, straw can have different
physical properties depending on their kind and the place
of growing (Janusevicius 2011). Second, the preparation of
straw (pressure, density) can lead to different properties of
the final material. In addition, the preparation of the testing
sample and mounting can also affect the results. Therefore,
every new suggestion of an element made of straw should
be tested to find actual effectiveness.

Research on the absorption coefficient of incident
sound considering the samples of reeds in the impedance
tube (Chilekwa et al. 2006; Oldham ez al. 2011) has also
revealed that perpendicular configuration gives better re-
sults compared to end-on configuration.

Yet, no other research on the efficiency of reducing
sound using the specimens of whole reeds have been carried
out. However, some investigations into sound absorption
involving the panels of whole reeds used in the reverbera-
tion room (Jiménez Espada et al. 2009) have been conduc-
ted. The coefficient of reverberant sound absorption shows
the efficiency of controlling the field of reverberant sound
in enclosed spaces (LST EN ISO 354:2006). A reduction
in sound level is gained between two rooms separated by
specimens. Thus, these two values are not really compara-

421

ble. Nevertheless, they both are important for evaluating
a possible application of the composition of whole reeds.
Research done in the reverberation room (Jiménez Espada
et al. 2009) has showed that the resonance frequency of the
system moves to low frequencies when the thickness of the
material increases and that the coefficient of reverberant
sound absorption does not depend on the thickness of the
material at high frequencies above 1000 Hz.

Thus, considering the specimens of whole reeds, the
trend towards the coefficient of reverberant sound absorp-
tion completely differs from the trend to reducing sound
level where the dependence of efficiency on thickness in-
creases at high frequencies.

Also, no studies on the efficiency of reducing sound
applying the specimens of chopped reeds have been under-
taken yet apart from those conducted in the impedance tube
(Chilekwa et al. 2006; Oldham et al. 2011). The incident
coefficient of sound absorption shows the ratio of sound
power entering the surface of the tested object to the power
of incident sound for a plane wave at normal incidence
(LST EN ISO 10534-2:2002). A reduction in sound level is
gained between two rooms separated by specimens. Thus,
these two values are not really comparable. However, they
both are important for evaluating a possible application of
the composition of chopped reeds. Research done in the
impedance tube (Chilekwa et al. 2006; Oldham et al. 2011)
has disclosed that an increase in the thickness of specimens
shows higher values of the incident sound absorption coef-
ficient at all frequencies and the peak of efficiency occurs
at lower frequencies.

Thus, taking into account the specimens of chopped
reeds, the trend towards the incident sound absorption co-
efficient is similar to that of a reduction in the sound level
where efficiency at all frequencies also depends on incre-
ased thickness.

Conclusions

1. In low frequency range the most effective of the resear-
ched specimens was the 200 mm straw mix (88 kg/m?) —
62 dB in 125 Hz frequency.

2. In middle frequency range the most effective of the
researched specimens was the 150 mm chopped end-on
reeds (88 kg/m?) — 23 dB in 800 Hz frequency.

3. In high frequency range the most effective of the rese-
arched specimens was the 200 mm whole reeds per-
pendicular to the noise source (125 kg/m3) — 50 dB in
1350 Hz frequency.
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SIAUDU IR NENDRIU TRIUKSMO IZOLIACIJOS
EKSPERIMENTINIAI TYRIMAI

S. Deveikyté, J. MaZuolis, P. Vaitiekiinas

Santrauka

Ieskoma vis naujy akustiniy problemy sprendimo bidy.
Tyrinéjamos naujos ir pamir$tos medziagos, kuriy apdoroji-
mo procesas galéty biiti darnus aplinkai. Natiraliy atliekiniy
medziagy panaudojimas gali biiti tvarus sprendimas. Nendrés,
apaugancios ezery, upiy ir mariy krantus, gali bliti pjaunamos
natiiraliai i§dzitivusios ziemg ir naudojamos kaip konstrukcing,
Silumos izoliaciné arba garso sugerties medziaga. Sis tyrimas
sieké nustatyti Siaudy ir nendriy kaip triuk§mo izoliavimo
medziagy galimybes. Triuk§mo slopinimo kameroje tirti vienodo
tankio (88, 125, 164 kg/m?) skirtingy storiy (5, 10, 15, 20 cm)
Siaudy ir nendriy bandiniai. Nendriy bandiniai turéjo rysky rezo-
nanso efekta zemy daZniy srityje. Siaudy bandiniai efektyviausiai
sumazino garso lygi zemy dazniy srityje. Garso lygio sumazéjimo
vertés augo didéjant bandinio storiui ir pasieké 43 dB 3150 Hz
srityje 20 cm pailgy nendriy bandinyje.

Reik$miniai ZodZiai: garso lygio sumazéjimas, triuk§mo slopi-
nimo kamera, $iaudai, nendré, tvari medziaga.



