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The following research relates to an acoustic unit
used to construct acoustic building walls for
improving the acoustic environment in music
schools, concert halls, home cinemas, recording
studios, offices, restaurants and alike. In order to
have an optimal acoustical environment it is
necessary to have two acoustical elements namely:
the sound diffusion property and sound absorption

particularly in a balanced manner.

property,
Therefore, it is an object of the research to suggest
an acoustic unit, which overcomes or at least
greatly reduces the disadvantages known from the
mentioned type that is to say an inexpensive
acoustic unit that exhibits both: sound diffusion,
sound insulation and absorption properties and
furthermore has excellent fire resistance
performance. A further object is to provide an
acoustic unit particularly capable of adjusting the
after the

sound absorption

property

installation.These  properties are usually treated
separately. For example, a typical sound diffusor known
as the Schroeder diffusor consists of wells having a given
width and depth due to the pseudo-random sequence and
vertical dividers separating the wells. The basis of its
operation is to change the phase of the reflected sound. A
two-dimension diffusor known by the name of skyline
diffusor having a large number of prisms with different
heights is also provided. This diffusor is omnidirectional

and the sound is diffused in an effective way.

These diffusors are typically made of wood-based
materials having little or no effect on sound

absorption or insulation. Also, they are flammable
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and even prohibited in some public buildings due
to the inadequate fire protection. In order to have
the best solution for an acoustic unit that could
fulfil sound diffusion, absorption and sound
insulation properties a diffuser made out of gypsum
board was made. The gypsum board diffuser is
different from solid wood or plywood QRD-it has
a hollow space that can be filled with glass wool /
mineral wool or similar, as well as a cover to open
(activate) or close (deactivate) the filled cavities.
Activate / deactivate means to change sound
absorption properties. When the lid is opened,
sound absorption properties are supposed to
increase and if closed - minimized. Traditional
QRDs are made of solid wood, without cavities,
hence without the ability to change or have an
impact on sound absorption and sound insulation.
Mainly because of this for comparison reasons,
gypsum board and birch plywood diffusors have
been selected as test specimen. Also in research,
birch plywood QRD and plasterboard diffusers
were measured (sound scattering, absorption) and
then compared against each other. Birch plywood
QRD has cavities to the same extent as plasterboard
diffuser. In contrast to plasterboard diffuser, birch
plywood diffuser has less mass (around 650 kg /
m3) than plasterboard diffuser (around 1100kg /
m3). Birch plywood E-module flat (N / mm?),
4500-3200 corresponding to plasterboard (N /
mm?), 2800-2600. Hypothetically speaking both,
sound absorption and sound diffusion properties of
the plasterboard diffuser should be better than
those of the birch plywood diffuser. Sound

diffusion  and  absorption  concepts and

measurement procedure. In order to better assess

the differences and advantages of the

multifunctional acoustic unit the following

measurements were done in Riga, two kinds of
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Diffusors were measured — standard QRD wood
(birch plywood) diffusor and the same dimension
QRD gypsum board diffusor according: the
international standard ISO 17497-1 acoustics —
sound —scattering properties of surfaces —part 1:
measurement of the random incidence scattering in
a reverberation room. Birch plywood Diffusor
frequency curve and mean value of the measured
sound scattering coefficient S in octave bands — see
Figurel-3.
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Figure 1 Frequency curve plywood and mean value
of the measured sound scattering coefficient S in

octave bands.

Figure 2 Frequency curve gypsum board and mean
value of the measured sound scattering coefficient S in
octave bands.

Gypsum board diffusor has much better sound
diffusion properties than birch plywood diffusor.
Both diffusors — birch plywood and gypsum board
have been measured to determine sound absorption.
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Figure 3. The gypsum board diffusor alpha
frequency response of the sound absorption
coefficient in the 1/3 octave.

The results clearly show much less absorption
values aw =0, 25 class E (L) than plywood diffusor
ow =0,45 class
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Figure 4. The birch plywood diffusor alpha
frequency response of the sound absorption

coefficient in the 1/3 octave.

The results generally show very high absorption
values - 0,45 especially in frequency range 500 Hz.
The values are very close to the limit. In this case
high absorption and comparable less diffusion are
related, also has direct interaction. Sound
absorption is not the main function of a diffuser
rather a side effect. Hence ISO 18233 include the
restriction: the absorption value should not exceed
a value of as = 0, 50. In fact this requirement is set
to avoid the direct correlation between sound wave
reflection and absorption. Research shows its
possible correlation between diffusion, absorption
and insulation properties in a positive way.

Gypsum board diffusors different from massive
wood diffusors have cavities inside them.
Technically, it is possible to close and open the
cavities (diffusor enclosure). In order to determine



the difference between closed and opened state
additionally sound absorption measurements with
open cavities were done. As results —Figure 9,
show sound absorption with open diffusors cavities
is close to 30% higher than closed. Accordingly,
values aw =0,25 and aw =0,35. The sound
diffusion properties remain the same.
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Figure 5. The o frequency response of the gypsum
board sound absorption coefficient in the 1/3
octave and octave bands with open cavity

The sound scattering properties of a diffusor
heavily depend on the shape of it - geometrical
appearance - number —theory, but also on
material and construction. Mostly only one
material property will be appreciated — its
weight.  The wvalues, which in technical
descriptions are mostly mentioned, is more
than 10kg/m2. This publication clearly shows
it is not enough. The E-module can be very
different even by plate of the same thickness -
13mm, birch plywood — 4500N/mm2 and
gypsum board 2500N/mm2. Interaction
between different e-modules and weight with
focus on sound scattering has to be more
investigated. The sound scattering diffusor can
be multifunctional. Gypsum board diffusor
clearly shows that sound scattering, sound
absorption and sound insulation properties can
be combined into one unit without a negative
interaction.It is possible to combine the
gypsum board diffuser with a gypsum board
partition and / or suspended ceiling, wall
cladding construction. The result is a
multifunctional acoustic unit with improved
building physics performance in sound
insulation, absorption, dispersion and fire
safety.
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