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Abstract: In building acoustics, two different problems usually arise. There is a need to comply
with established sound insulation parameters, but there are also legislative conditions concerning
reverberation time. It is therefore necessary to acoustically insulate and condition the enclosures.
When designing the acoustic treatment of buildings, sound insulation is always considered before
acoustic conditioning. There are multiple solutions for sound insulation; one of them consists of a
base wall reinforced with a plasterboard lining. The sound insulation improvement provided by these
solutions will depend on the type of base wall used. A common solution for acoustic conditioning is
the use of perforated plate lining systems with a plenum filled with sound absorbing material. This
work presents a solution for simultaneous sound insulation and conditioning improvement, reducing
the installation costs. Materials that provide the acoustic conditioning features were analyzed to
validate their use in the complete solution, performing airflow resistance tests. The complete solution
was also evaluated on a laboratory scale by conducting tests in a reverberation chamber and in a
transmission chamber for small samples. Finally, the effectiveness of the presented solution was
assessed with in-situ tests in a radio studio.

Keywords: sound insulation; acoustic conditioning; multilayer solutions; perforated plasterboard lining

1. Introduction

When acoustically designing a space, essentially, two requirements must be met to
guarantee acoustic comfort; these are good sound insulation and controlled reverberation
time. These conditions will provide a quiet or low-noise space and good listening conditions
whether for talking, listening to music or any other type of sound reproduction. Some
examples of the increasing relevance of acoustic comfort in homes and offices can be found
in the literature [1-5].

These requirements are usually met using two independent solutions, one for sound
insulation and another for acoustic conditioning. This work presents the study of a solution
that meets both requirements simultaneously with materials available in the market, which
considerably reduces production and installation costs.

In the near future, alternative solutions designed with metamaterials that also address
both problems simultaneously are foreseeable, even with improved performance in the low
frequency range; however, for the time being these solutions require a degree of custom
design and fabrication that still make them quite expensive for widespread use in buildings.
Some reviews that can serve as an introduction to the topic can be found in [6,7].

The proposed solution consists of a plasterboard lining system formed by a viscoelastic
multilayer—composed of two layers of textile felt with the same density and thickness,
thermally adhered to a high-density viscoelastic membrane—combined with perforated
plasterboard. This solution requires a base wall. Combining the viscoelastic membrane with
the textile should provide the solution with airborne sound insulation characteristics. The
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closure with perforated plasterboards over the textile felt layer should efficiently control
the reverberation time.

The use of viscoelastic membranes is a common practice in sound insulation ap-
plications [8,9], and their positive performance in these cases has already been demon-
strated. Combining this material with a porous layer can also provide excellent sound
absorbing behavior.

In buildings, this porous sound absorbing layer usually consists of fibers or foams. In
this case, a textile felt created from waste from the textile industry was used as the porous
sound absorbing layer. The textile industry generates an enormous quantity of residues,
so recycling them is crucial. An example of using these residues for other applications
embracing circularity is their use in acoustic conditioning solutions as sustainable sound
absorbers [10-12].

However, the use of sustainable materials in acoustic treatments is not only limited
to recycled textiles and their sound absorption applications. The growing importance of
using environmentally friendly materials in buildings has given rise to a great deal of
research on different materials and their applications for sound insulation and acoustic
conditioning [13-19]. Besides the environmental benefits, using these materials usually
reduces production costs since they come from natural or recycled materials.

The textile felt provides part of the sound absorption of the proposed solution and
also helps to improve the sound insulation but it cannot be left exposed, so another layer
that does not penalize the global sound absorption is needed. This may lead to considering
combining the existing elements with a final layer of perforated plasterboard to obtain a
ready-to-install solution, as presented in Figure 1.

o B
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Viscoelastic

membrane

Figure 1. Overview of the proposed solution.

The perforated plasterboard helps to slightly increase the low frequency sound absorp-
tion and to tune the solution to achieve the most absorption in the range of mid frequencies
of interest in each case. Some recent examples of using perforated plates to control sound
absorption can be found in [20,21].

The sound insulation improvement provided by the proposed lining system will
depend on the base wall used. The final sound absorption will depend on the type of
perforated plasterboard and the plenum left between the plasterboard lining and the base
wall. Therefore, by adjusting its different elements the proposed solution can be helpful
in applications where controlled sound absorption levels are needed while maintaining
optimum sound insulation behavior.

This work assesses the behavior of different configurations for the proposed solution,
combining the viscoelastic multilayer with varying types of perforated plasterboard. Sound
absorption and sound transmission tests were carried out for each analyzed configuration.
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Finally, the effectiveness of the presented solution was assessed with in-situ tests in a
couple of enclosures destined to function as a radio studio, which required both types of
acoustic treatments. The proposed solution is validated with the obtained results in the
in-situ installations.

2. Materials

This section describes the most relevant characteristics of each of the elements that
make up the multi-functional solution. The proposed solution consists of a plasterboard
lining system formed by a viscoelastic multilayer—composed of two layers of textile felt
with the same density and thickness, thermally adhered to a high-density viscoelastic
membrane forming a sandwich—combined with perforated plasterboard. First, the charac-
teristics of the viscoelastic multilayer as a solution for sound insulation in conjunction with
the base wall are presented, including the airflow resistivity in the case of the textile felts.
Subsequently, the characteristics of the perforated plates, which allow the effective control
of the reverberation time, are described.

2.1. The Textile Felt

The viscoelastic multilayer used in the proposed solution, as shown in Figure 1,
contains two 16 mm-thick layers of textile felt (FLT) with a mass density of 928 g/ m?. This
material is formed by recycled textile fibers that come from waste from the textile industry.
Some photographs of the material can be seen in Figure 2.

Figure 2. Materials: the textile felt (FLT).

To validate its acoustic performance, the first step was to check if the porous material
was optimal for acoustic solutions. In Appendix D of the ISO 12354-1 [22]—used to obtain
the sound reduction index improvement of additional layers—a requirement of a minimum
airflow resistivity of 5 kPa-s/m? for the porous material filling the cavity is set, so the first
step was to validate this requirement.

Airflow Resistivity of the Textile Felt

Airflow resistivity is one of the main non-acoustic parameters used to characterize
the sound absorption properties of a porous material. It is used in practice for selecting
appropriate materials for noise control and building acoustic applications.

Several organizations, including ISO and ASTM, described the standardized laboratory
procedures for measuring airflow resistivity, specifically through standards ISO 9053-1 [23],
ISO 9053-2 [24] and ASTM C522-03 [25]. Implementation of these standardized procedures
requires rather complex and unusual instrumentation in acoustic laboratories, and it is
also necessary to measure sound pressures at a very low frequency. These facts led to
the development and use of alternative methods to measure airflow resistivity. Some
discussion about some of them can be found in the literature [26-35].

In this work, flow resistance tests were carried out following the procedure described
by one of these alternative methods to the standards: the Ingard and Dear method [27].
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Three circular samples of 41 mm were measured in an Ingard and Dear tube, and
the final results were obtained by calculating the arithmetic mean of the three. The tests
yielded a value of 11.1 + 0.8 kPa-s/m?, which is over the minimum limit of 5 kPa-s/m?
required in Appendix D of the ISO 12354-1, validating the material for its use inside the
plasterboard lining system plenum.

2.2. The Viscoelastic Membrane

The other element that conforms to the viscoelastic multilayer is a 4 mm-thick high-
density (12.8 kg/m?) viscoelastic membrane, as shown in Figure 3. The composition of the
membrane, as described by the manufacturer, is:

Elastomeric bitumen: asphalt bitumen modified with SBS elastomeric rubber.
Filler: ground calcium carbonate.

Armor: fiberglass felt.

Anti-stick: hot-melt polystyrene film.

e o o e - 2 Sl Lot

Figure 3. Materials: the viscoelastic membrane.

2.3. The Viscoelastic Multilayer (VLM)

The viscoelastic multilayer (VLM) consists of three layers of the previously described
materials, forming a sandwich of two layers of the textile felt thermally adhered to the
high-density viscoelastic membrane. It has a total thickness of 36 mm and a mass density
of 8.4 kg/m?. Details of the viscoelastic multilayer can be seen in Figure 4.

Figure 4. Details of the viscoelastic multilayer.

2.4. The Perforated Plates

Four different perforated plasterboards were used to form four different configurations,
each with different sound reduction and sound absorption properties.

The plates have different aesthetics (perforation rates, sizes and shapes). Three of
them have circular perforations and the fourth squared ones, all of which have a range
of perforation rates from 8% to 18% and mass densities between 8 and 12 kg/ m?2. The
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properties of each type of perforated plasterboard, presented in Figure 5, are detailed
in Table 1.
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Figure 5. Detail of the perforated plates: (a) PRF1; (b) PRF2; (c) PRF3; (d) PRF4.

Table 1. Properties of the perforated plasterboards.

Perforated Thickness Perf. Perforation Perf().ration Mas.s
Plate (mm) Shape Rate Size Den51;y
(%) (mm) (kg/m?)
PRF1 12.5 Squared 16 12 x 12 8
PRF2 12.5 Circular 10 8,15,20 10
PRF3 12.5 Circular 9 6 9
PRF4 12.5 Circular 18 12 8

3. Assessment of the Acoustic Behavior of the Proposed Solution

Different tests were conducted to assess the acoustic behavior of the proposed multifunc-
tional solution, designed to provide sound insulation and acoustic conditioning improvements.

Four different plasterboard lining system configurations were assessed, one with each
perforated plasterboard described in Table 1, combined with the viscoelastic multilayer.

Sound transmission tests were carried out in a reduced size transmission chamber
for small samples to determine the characteristics of the four proposed configurations as
solutions for sound insulation. In addition, an estimation of the airborne noise improvement
provided by this solution was carried out based on the guidelines of Annex D of the ISO
12354-1 standard.

To assess the suitability of the proposed solution for acoustic conditioning, sound
absorption tests in diffuse field conditions were also carried out for each configuration.
These tests were carried out in a reverberation chamber.



Buildings 2022, 12, 123

6 of 20

3.1. Validation of the Proposed Solution for Sound Insulation
3.1.1. Sound Reduction Index, R (dB)

To estimate the sound insulation properties of the presented solution, the sound
reduction index, R (dB), of the four proposed configurations was assessed.

The entire ISO 10140 standard is related to the laboratory measurement of sound
insulation of building elements. The ISO 10140-2 standard [36] in particular indicates the
procedure for the measurement of sound insulation to airborne noise in compliance with
the ISO 10140-4 [37] and the ISO 10140-5 [38] standards.

Since a normalized transmission chamber as described in the ISO-10140-5 standard
was not available in the Escola Politecnica Superior de Gandia (EPSG) laboratories, a
reduced size transmission chamber that reproduces the geometry of standard transmission
chambers to scale was used. The design of this chamber was carried out according to the
ISO 10140-5 standard, following a similar approach as described in [39]. The details of the
design and building process of the chamber are presented in [40], where this chamber was
used to evaluate the performance of new sustainable solutions for sound insulation. Some
images of the setup for the tests are presented in Figure 6, where the chamber during one
of the tests and the detail of the mounting of one of the proposed configurations in the
sample holder can be seen. As can be observed, no studs were used during these tests,
so the results should not be compared with usual double-leaf plasterboard systems, and
should only be used to compare the proposed configurations.

- i ,‘ (b) Lk

Figure 6. Setup for the sound transmission tests: (a) the transmission chamber during one of the tests;

(b) detail of one of the tested configurations placed in the sample holder.

A total of six configurations were assessed in the reduced size transmission chamber
(Table 2). Each tested configuration consisted of a combination of some of these materials:
non-perforated plasterboards (PB), the viscoelastic multilayer (VLM), the textile felt (FLT)
and one of the perforated plasterboards (PRFx).

Table 2. Test configurations for the sound reduction index tests.

Test Configuration Description

1 PB + FLT + PB
PB + VLM + PB
PB + VLM + PRF1
PB + VLM + PRF2
PB + VLM + PRF3
PB + VLM + PRF4

NG W

Besides the initial four proposed configurations formed by a non-perforated plas-
terboard, the viscoelastic multilayer and each of the perforated plasterboards, two addi-
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R (dB)

60

tional configurations were tested to have further information to compare: one consist-
ing of a sandwich of two non-perforated plasterboards and one layer of the textile felt,
and a second one consisting of a sandwich of two non-perforated plasterboards and the
viscoelastic multilayer.

The results of each test are presented graphically in Figure 7. The sandwich configura-
tions with the non-perforated plasterboards mark the upper and lower limits for the sound
reduction index. In the case of the configurations with perforated plates, as expected, those
using plasterboards with higher density and lower perforation rate are the ones with better
performance for sound insulation.

Sound reduction index

25 . . : ; : : F (Hz)
Q Q Q Q Q Q Q Q
PB +FLT + PB —e—PB +VLM+ PB <eoye-- PB + VLM + PRF1
PB + VLM + PRF2 —=. . PB+VLM+ PRF3 - & -PB + VLM + PRF4

Figure 7. Sound reduction index, R (dB), of the assessed configurations.

3.1.2. Estimation of the Airborne Sound Insulation

One of the main objectives of the proposed solution is to provide good levels of
noise reduction improvement. Appendix D of the ISO 12354-1 standard [22] defines
a procedure to estimate the sound reduction index improvement of additional layers
(ARp). These estimations are similar to the one proposed in the basic document for noise
protection (DB-HR) [41], part of the Spanish Technical Building Code [42] published by the
Spanish government.

This section presents a prediction of the airborne sound insulation provided by the
proposed solution. This prediction was obtained according to the ISO 12354-1 standard
guidelines, starting from the estimated resonance frequency of the proposed solution. The
different assembly elements are adjusted as far as possible until a value for its resonance
frequency is obtained within the target range to improve sound insulation.
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To make these estimates, we start from the main sheet of mass m and a lining system
with absorbent material of thickness d and a plate of mass m; (see Figure 1). The resonant
frequency, fy, is calculated according to Equation (1):

1000 /0.111/ 1 1
f°—zn¢d(ml+mz) W

This resonant frequency, fo, is the main control parameter for the system’s design. It is
valid as long as the airflow resistivity is higher than 5 kPa-s/m?.

Since the main objective is that the proposed solution provides both sound absorption
and sound insulation, the assembly can be divided as follows: the main wall with the
first textile felt and the viscoelastic membrane would be in charge of the sound insulation
improvement, in the most conservative case, and the second textile felt with the perforated
panel (which must have the corresponding veil) would provide the sound absorption
improvement part.

Considering the viscoelastic layer of mass my = 6.8 kg/m? and the 16 mm thick
textile felt with an airflow resistivity of 11.1 kPa-s/m?, Equation (1) must introduce masses
of 70 kg/ m? upwards for the main sheet, which are much higher than the mass of the
viscoelastic layer. This means that Equation (1) can be simplified and gives a fixed value:

1
form 53y @

To achieve an improvement in airborne sound insulation, fy must be less than 200 Hz
(or not within the 200 Hz band). For the case under study, applying the available data
of each of the materials, the resonance frequency, fy, is in the range of 161 to 177 Hz,
considering a margin between 14-16 mm of the textile felt (since it is known that its
thickness can be reduced due to material manipulation). If Table D.1 of the ISO 12354-1
standard is applied, taking into account that f; is rounded to the third-octave band to
which it belongs (in this case, 160 Hz, whose band is from 143 to 180 Hz), an improvement
in the acoustic reduction index can be obtained using a lining, assuming metal or wooden
studs or slats are not directly connected to the primary structural element.

Applying the standard with a 2 dB security correction, we obtained the improvement
of the sound reduction index presented in Table 3.

Table 3. Theoretical estimation of the sound reduction index improvement of additional layers.

Main sheet (kg/m?)

70

100 140 160 180 200 250 300 350

AR, (dB)

10

9 8 7 6 5 3 2 1

For these estimates to be correct, the following conditions must be met:

There must be continuity in the viscoelastic membrane.
The thickness of the textile felt should be kept between 14-16 mm, with a gap of
4-5 mm between the material and the main sheet.

The effect of the textile felt and the veil with the perforations of the plasterboard will
also be positive, but it is difficult to quantify it. However, if the perforation rate is too high,
this improvement could also decrease.

An estimation of the sound reduction index improvement of additional layers from
experimental data is presented in Table 4.
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Table 4. Estimation of the sound reduction index improvement of additional layers, ARp (dB), from
experimental data.

Main sheet

(kg/m?) 70 100 140 160 180 200 250 300 350 400 500
PB 14 13 12 11 10 9 7 6 5 4 2
PRF1 3 2 1 - - - - -
(A;;f; PRF2 8 7 6 5 4 3 1 - - - -
PRF3 8 7 6 5 4 3 1 - - - -
PRF4 6 5 4 3 2 1 - - - - -

It must be taken into account that the assembly for these measurements did not follow
the usual installation procedure since no studs or slats were used. They were carried out
just to compare the behavior of the different perforated plates. It is expected that in normal
installation conditions, these levels of improvement could be higher.

3.2. Validation of the Proposed Solution for Acoustic Conditioning

To validate the presented solution as an effective solution for reverberation time con-
trol, the sound absorption of the proposed solution in diffuse field conditions was evaluated.

Sound Absorption of the Complete Solution in Diffuse Field Conditions

The sound absorbing performance of the proposed solution was assessed with the
four perforated plasterboards, the main properties of which are described in Table 1. An
additional test was carried out without any perforated plate over the viscoelastic multilayer.

These tests were conducted following the ISO 354 standard [43]. Other standards such
as the ISO 11654 [44] and the ASTM C423 [45] were also used to obtain additional results.
The former considers the parameter ., which is a weighted version of the absorption
coefficient that allows representation of the absorption of a material with a unique value;
the latter includes the 80 Hz band in the evaluated frequency range and also considers the
parameters “sound absorption average” (SAA) and “noise reduction coefficient” (NRC).

In this case, the tests were carried out in the standard reverberation chamber of the
Escola Politécnica Superior de Gandia, which has a volume of 238 m? and a total surface
area of 236 m2. The surface area of the assessed configurations was 11.4 m?. Some images
from the tests are presented in Figure 8.

Figure 8. Sound absorption tests in the reverberation chamber of the EPSG-UPV.

Figure 9 shows the results of the sound absorption coefficient of the assessed configu-
rations in one-third of octave bands, and Tables 5 and 6 show the overall values according
to standards ISO 11654 and ASTM C423, respectively.
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Figure 9. ISO 354 results for the assessed configurations.

Table 5. UNE-EN ISO 11654 results and classification.

VLM VLM + VLM + VLM + VLM +

PRF1 PRF2 PRF3 PRF4

Oty 0.60 (H) 0.65 0.55 0.55 0.65

CLASS C C D D C
Table 6. ASTM C423 results.

VLM VLM + VLM + VLM + VLM +

PRF1 PRF2 PRF3 PRF4

NRC 0.60 0.70 0.60 0.55 0.70

SAA 0.58 0.70 0.60 0.56 0.68

As expected, the perforated plasterboards with higher perforation rates yield higher
values for the sound absorption coefficient. It can also be seen that the absorption curve
can also be tunned with the perforations of the plasterboards, but this is not the objective
of this work.

4. An Example Application: A Radio Studio

To validate the proposed solution in a real scenario, an installation in a couple of
enclosures destined to function as a radio studio was carried out. The enclosures are
located on the top floor of one of the Escola Politécnica Superior de Gandia buildings.
Figure 10 shows the building plan with the location of each room.
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Figure 10. Building floor plans with the enclosures under study.

As observed in the building plan, the location and the characteristics of the enclosures
are not favorable for a radio studio, as both of them are very small and are surrounded by
common areas. The dimensions of the rooms are presented in Table 7.

Table 7. Dimensions of the enclosures.

Enclosure Volume Total Area Floor Area
(m3) (m?) (m?)
Studio room 32.0 63 13
Control room 12.3 39 6

Some pictures of the studio room are presented in Figure 11 and photographs of the
control room in Figure 12.

Figure 11. The initial state of the studio room.
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Figure 12. The initial state of the control room.

4.1. Initial State of the Studio Rooms

The first stage of the project consisted of analyzing the initial acoustical conditions
of the enclosures, for which two types of studies were carried out: sound insulation
and acoustic conditioning. The tests and the results for each case are described in the
following sections.

4.1.1. Sound Insulation

The airborne sound insulation of the two most critical vertical partitions was evaluated
according to the ISO 16283-1 standard [46]. The standardized difference level, Dy, was
obtained from the measurements in one-third octave bands. Then the weighted values were
calculated from the one-third octave band measurements by following the ISO 717-1 [47]
for the Dy and the DB-HR [41] for the Dyt 4. The weighted values help to rate the sound
insulation levels in buildings.

The assessed vertical partitions were:

e  The vertical partition between the stairs and the studio room: the corridor stairs were
taken as the source enclosure and the studio room as the receiving enclosure. We
were interested in the incoming noise levels received in the studio room from the
common area.

e  The vertical partition between the toilets and the control room: the bathroom was
taken as the source enclosure and the control room as the receiving enclosure. In this
case, we were interested in knowing the incoming noise levels received in the control
room coming from the toilets.

The rest of the vertical partitions were not analyzed due to the existence of doors or win-
dows, which would not have allowed us to check the performance of the proposed solution.

The graph in Figure 13 represents the standardized level difference values, Dyr, in
one-third octave bands obtained during the in-situ measurements.

Table 8 shows the weighted standardized level difference values, Dyt.y, for each
assessed partition (also in A-weighting, DT A).
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Toilets-Control room vertical partition (ISO 16283-1)

55

20
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Q 9 N Q Q Q Q Q Q N N\ \) N \) N\
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— m- Toilets-Control room (b.t.) —a— Toilets-Control room (a.t.)

Figure 13. Standardized level difference from the initial measurement of the vertical partitions.

Table 8. Weighted standardized level difference values of the vertical partitions.

Stairs—-Studio Room Toilets—Control Room
Dpt.A (dBA) 35.9 35.6
Dntw (dB) 36.3 36.0

The obtained values reflect the need to implement some kind of sound insulation
treatment in these partitions.

4.1.2. Acoustic Conditioning

The acoustic conditioning of the enclosures was evaluated by measuring the reverber-
ation time with the interrupted noise method, following the guidelines of the ISO 3382-2
standard [2]. The integrated impulse response of the rooms was also used to calculate
the typical acoustic quality parameters. Although most of these parameters are usually
evaluated with occupied room conditions, they were used as a reference to estimate the
acoustic behavior of the rooms.

The initial values obtained for the reverberation time in octave bands are represented
in Figure 14.

The results obtained for the acoustical parameters in unoccupied room conditions
are presented in Table 9. Values are compared to desirable target values for speech and
studio rooms.

As shown in Table 9, the results obtained for the parameters show that not all the
target values were met. The average reverberation time (RT,,;4) is high relative to the
recommended value and, consequently, the definition (D) is also high. Although the STI is
already over the defined objective, the closer to 1 in the studio room, the better since it is a
dedicated speech room.
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Studio room: initial conditions Control room: initial conditions
(ISO 3382-2) (ISO 3382-2)
1 1
08
= 0.6 2 0.6
= =
&~ 04 ~ 04
02
0
250 500 1000 2000 4000 125 250 500 1000 2000 4000
Frequency (Hz) Frequency (Hz)
(a) (b)

Figure 14. The initial reverberation time of the enclosures: (a) studio room; (b) control room.

Table 9. Measured parameters of the enclosures under study.

Acoustical Parameter Studio Room Control Room Target Value
(Unoccupied) (Unoccupied) (Occupied)
RTpiq (), .
(500 Hz-1 kHz) 0.9 1.0 02 < RTpig <04
STI 0.72 0.73 STI > 0.60
Cs (dB),
(500 Hz—4 kHz) 3.8 45 >2 dB
Definition, D, 0.30 033 D> 050

(125 Hz—4 kHz)

4.2. Acoustic Treatment

The multifunctional solution proposed in this work was perfect for this project since it
allowed us to treat sound insulation and acoustic conditioning problems at once.

From the results of the four different configurations previously assessed (presented in
Section 3.1), it can be seen that each of the four perforated plasterboard lining configurations
provide different benefits, so a combination of them was used according to the needs of
each room and vertical partition. Figure 15 shows the distribution of the perforated

plasterboards, detailed in Table 1, over the base walls.

/ %

Studio
room
PRE3
Control PRF2

room

|\
|\

Figure 15. Distribution of the different perforated plasterboards over the rooms.
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The PB + VLM + PRF4 was used in the wall between the toilets and the control room
vertical partition. Despite not being the best for sound insulation, this partition required
a high degree of absorption since the loudspeakers of the control room were going to be
located in the front wall, which also contains the window between the two rooms, so it is
highly reflective. In the case of the wall between the stairs and the studio room, the PB +
VLM + PRF2 configuration has been used. In this case, the selection was mainly dictated
by its better properties for sound insulation since sound absorption was not so critical in
this room.

Some pictures of the rooms after installing the different configurations of the proposed
solution can be seen in Figure 16.

(a) (b)

Figure 16. Images of the rooms with the proposed multifunctional solution installed: (a) studio room;

(b) control room.

4.3. Acoustic Behavior after Treatment
4.3.1. Sound Insulation

The comparison between the results for the standardized level difference before and
after applying the proposed solution in the stairs—studio room vertical partition is presented
in Figure 17. It can be affirmed that in almost every one-third octave band, especially in
medium and high frequencies, the proposed solution improves the standardized level
difference of the treated wall.

Table 10 presents the values of the standardized weighted level difference Dpr+y
and also the A-weighted version, D7 s, before and after the acoustic treatment. As can
be seen, the installed solution provided a 6 dB improvement in sound insulation in the
weighted values.

The comparison between the results for the standardized level difference before and
after by applying the proposed solution in the stairs—studio room vertical partition is
presented in Figure 18. Again, it can be seen that the proposed solution improves the sound
insulation in almost every one-third octave band.
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Stairs-Studio room vertical partition (ISO 16283-1)
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Figure 17. Standardized level difference of the stairs—studio room vertical partition.

Table 10. Weighted standardized level difference values for the stairs—studio room vertical partition,
before and after treatment.

Before Treatment After Treatment Improvement
Dnt.A (dBA) 359 414 55
Dprw (dB) 36.3 423 6.0

Initial conditions (ISO 16283-1)

Dar (dB)
g &

&

F (Hz)
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Figure 18. Standardized level difference of the toilets—control room vertical partition.
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Studio room: before vs after treatment

In this case, as expected, the sound insulation improvement is lower than in the
previous one. As shown in Table 11, there is an improvement of almost 4 dB in the
weighted standardized level difference values after applying the acoustic treatment.

Table 11. Weighted standardized level difference values for the toilets—control room vertical partition,
before and after treatment.

Before Treatment After Treatment Improvement
Dnta (dBA) 35.6 39.3 3.7
Dn1w (dB) 36.0 39.8 3.8

4.3.2. Acoustic Conditioning

To validate the proposed solution, the same in-situ measurements were made as in
the assessment of the initial condition of the rooms. The final values obtained for the
reverberation time in octave bands are represented in Figure 19. As can be seen in the
results, the reverberation time was reduced considerably. It is expected to be reduced a
little bit more, especially in mid and high frequencies, when the rooms are populated with
people and furniture. Control room compliance was not validated according to the EBU
Tech 3276 recommendations [48] since it was not the objective of this work. Nevertheless,
the room was left in optimal conditions to comply with them.

Control room: before vs after treatment

(ISO 3382-2) (ISO 3382-2)
1 o
- S b
08 'm @ B = = &
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3 06 %5 § & % = %&
= o o 3 e ]
Mosa | B % & § =
‘2N BN BN B
Tamaadil
125 250 500 1000 2000 4000 125 250 500 1000 2000 4000
Frequency (Hz) Frequency (Hz)
@ Before treatment  mAfter treatment = Before treatment ~ m After treatment

(a) (b)

Figure 19. The final reverberation time of the rooms: (a) studio room; (b) control room.

A comparison of the acoustic parameter values obtained before and after the acoustic
treatment is presented in Table 12.

The average reverberation time (RT},;q4) decreased compared to the initial state, and
with it, the rest of the acoustic quality parameters also improved considerably. This is
due to the perforated plasterboards and the highly absorbent textile felt of the viscoelastic
multilayer material used in the plenum.
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Table 12. Comparison of the acoustic parameters of the rooms.

Parameter Studio Room Control Room Target Value
(Unoccupied) (Unoccupied) (Occupied)
Before After Before After
Treat. Treat. Treat. Treat.
RTmid (s), .
(500 Hz—1 kHz) 0.9 0.3 10 0.2 0.2 < RTpyq < 04
STI 0.72 091 0.73 091 >0.60
Cso (dB),
(500 Hz—4 kHz) 38 15.2 45 19.5 >2
Definition, D,
(125 Hz-4 kHz) 0.30 0.97 0.30 0.99 >0.50

5. Discussion

A multifunctional solution that can be used to improve sound insulation and acous-
tic conditioning simultaneously has been presented. This means a significant saving in
installation costs.

Four different configurations have been assessed, each one with different aesthetics
(perforation rates, sizes and shapes), yielding results of direct application to the market.

It has been proven that the combination of the viscoelastic multilayer with the perfo-
rated plates can be used for acoustic conditioning, yielding values over 0.5 for the sound
absorption coefficient in all the interest range for building acoustics. The higher values
were reached with perforation rates between 16-18% and diameters or square sides of
12mm. These results could be tuned by making controlled changes in the air plenum or the
perforation rate and size.

It has also been proven that besides the excellent performance for acoustic conditioning,
the solution also provides good levels of improvement in noise reduction. It is foreseeable
that some of these levels of improvement could be increased with some adjustments in
the viscoelastic multilayer. The increase of the mass density of the viscoelastic membrane
would increase the levels of improvement in noise reduction, and the increase in the
thickness of the textile felt would improve the sound absorption of the complete solution.
However, it has to be taken into account that these changes require an analysis to find a
good compromise between the modifications and the improvements provided by them.
Therefore, these studies are left for future works.

Finally, two small enclosures with unfavorable acoustic conditioning and sound
insulation conditions were treated with the proposed multifunctional solution to function
as a radio studio. The poor initial acoustic conditions were revealed during the analysis of
the initial in-situ measurements. After treating the rooms with the proposed multifunctional
solution, improvements between 4 and 6 dB in the weighted standardized difference levels
were obtained, and the acoustic quality parameters also improved considerably.

This study shows that these two usual acoustic problems in building acoustics can be
addressed with the same solution.
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