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ABSTRACT

Introduction: A wood-wool cement panel (WWCP) is wood wool combined with Portland cement mortar.
This environmentally friendly acoustic material can be used as a thermal insulator and fire-resistance
material with desired mechanical properties. This study aimed to determine the mechanism by which
WWCP absorbs sound and the effect of production and application parameters on absorption

Material and Methods: The samples were prepared from poplar wood wool and white Portland cement
as a binder in two Cement Fiber Ratios (CFR), namely 2:0.7 and 2:0.95, with bulk densities of 400, 500,
and 600 Kg/m3 and thicknesses of 2 and 4 cm. Three layers of backing: air, polyurethane foam, and glass
wool were examined separately. Acoustic absorption coefficient was measured using an impedance tube
based on ISO 10534-2.

Results: The highest increase in the average absorption coefficient due to the increase in thickness was
observed for the sample with a density of 400 kg/m3 and CFR = 2: 0.95, equal to 0.3. Increasing the bulk
density to 500 kg/m3 for most samples and in the high-frequency range led to rising absorption efficiency.
The optimal backing effect was due to the placement of 4 cm of polyurethane foam behind the sample,
which in both thicknesses led to an absorption peak with an absorption coefficient higher than 0.95 at
frequencies between 400 and 500 Hz. Selected samples showed that painting WWCPs led to a limited
drop in absorption coefficients at high frequencies, comparing the before and after painting results with
oil-based paints.

Conclusion: Tuning the absorption frequencies of these absorbers can be achieved by altering factors
such as the thickness or density. It has been demonstrated that the effects of thickness and bulk density
on the sound absorption of WWCP are related to each other. Concerning the CFR values, increasing the
density did not significantly affect absorption in the two frequency ranges.
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1. INTRODUCTION

) a matrix of Portland cement mortar, is an acoustic
Porous materials possess a network of

) - B absorber material named wood-wool cement panel
interconnected and irregular cavities and channels (WWCP). A literature review indicates that little

that can dissipate sound cenergy, which is why t}.lese attention has been paid to the effect of WWCP
materials can cause sufficient sound absorption.

X - ] characteristics on sound absorption across a
The search is for more environmentally friendly

4 ls th i | and hets broad spectrum of frequencies. This study aimed
acoustic materials than mineral and synthetic to determine the mechanism by which WWCP

ones. Wood wool, a natural fiber combined with absorbs sound and the effect of production and
* Corresponding Author Email: esmaeelm@sina.tums.ac.ir application parameters on that absorption.
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2. MATERIAL AND METHODS

Initially, poplar wood logs were cut into blocks
of 50 cm in length and stored for six months to
allow the tree sap, primarily composed of sugars,
to leach out. With the assistance of a special grater
machine, wood wools of a particular length, width,
and thickness were produced. In order to prepare
the binder mortar, Portland white cement for each
sample was mixed with sodium silicate powder as
an accelerator and water in amounts of 5% and
40% of cement weight, respectively. For fabricating
WWCP samples, the mixed raw materials were
molded under pressure by a hydraulic press. Then,
samples were de-molded after 24 hours. Samples
were made in two thicknesses of 2 and 4 cm, three
bulk densities of 400, 500, and 600 kg/m3, and two
different CFR (2: 0.7 and 2: 0.95) to investigate the
effect of the thickness, bulk density and cement
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to fiber ratio (CFR) on the acoustic absorption
coefficient. Measured sound absorption coeflicients
were obtained as a function of frequency in two
ranges of low (63-500 Hz) and high (630-6300
Hz) frequencies. Acoustic absorption coefficient
measurement was done according to ISO 10534-2
standards and using an impedance tube device.

3. RESULTS AND DISCUSSION

The effect of thickness and bulk density on the
absorption coefficient ultimately depends on each
other; that is, to maintain the optimum absorption
coefficient, the other must decrease by increasing
one. The impact of bulk density on the acoustic
absorption of WWCP samples with CFR = 2:0.95
is depicted in Fig. 1. To compare the impact of
CFR on the acoustic absorption of WWCP samples
in this study, Table 1 lists the Sound Absorption
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Fig. 1: Effect of bulk density on sound absorption of WWCP samples with CFR = 2: 0.95

Table 1: Effect of CFR on average sound absorption of WWCP samples
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Low frequency  high frequency

CER 63-500 Hz 500-6300 Hz
2:0.7 0.11 0.4
2:0.95 0.07 0.48
2:0.7 0.07 0.46
2:0.95 0.07 0.65
2:0.7 0.09 0.58
2:0.95 0.1 0.57
2:0.7 0.15 0.67
2:0.95 0.13 0.78
2:0.7 0.14 0.77
2:0.95 0.19 0.67
2:0.7 0.21 0.66
2:0.95 0.26 0.64
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Average (SAA) divided into two frequency ranges.
As seen in this table, changing the CFR value from
2:0.7 to 2:0.95 in the low-frequency range did not
affect any samples’ SAA. Increasing CFR has not
led to a significant and consistent change in SAA at
high frequencies.

According to the current study’s findings (Fig.
2), all three layers placed behind the selected
WWCP samples, including 4 cm of air, PU foam,
and glass wool, had a relatively similar effect
on sound absorption. A layer of the mentioned
materials placed behind the selected samples has
only displaced peak absorption frequencies towards
higher frequencies at frequencies higher than 500
Hz. In contrast, these layers have significantly
increased the average absorption coefficient at low
frequencies and even produced an absorption peak
at these frequencies in both thicknesses.
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Graphs showing the absorption coefficients
of WWCP samples before and after painting are
provided in Fig. 3. As can be seen, painting the
samples has led to a drop in sound absorption
at frequencies higher than 2000 Hz. In thicker
samples, this effect is less pronounced. In this
case, the loss of sound absorption may have been
caused by a reduction in the surface porosity of
the absorbent material. The present study confirms
the results of studies involving the painting’s effect
on other absorbers. In their research, Bozkurt and
Demirkale (2020) used colorless plaster layers
to increase the sound absorption coefficient of a
composite absorber produced from pearlite plaster.

Looking at the sound absorption graphs of
the studied samples, we can see that the sound
absorption pattern in WWCP is more of a narrow
band type and more similar to resonant or reactive
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Fig. 2: Effect of backing layer on sound absorption of selected WWCP samples
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Fig. 3: Sound absorption of selected WWCP samples before and after painting
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absorbers. This can likely be attributed to the stiffer
nature of WWCP, which results in a resonance
frequency that gives rise to the absorption peaks.
Although the bandwidth related to the maximum
absorption coefficients is limited in such absorbers,
it is possible to achieve sound absorption at low
frequencies with smaller thicknesses compared to
porous absorbers.

4. CONCLUSIONS

WWCP is a porous material, but its absorption
pattern is similar to that of reactive absorbers.
Consequently, such a material can be tuned
to control a specific narrow-band noise if its
physical characteristics change correctly. The
influence of both thickness and bulk density
on the WWCP absorption coefficient depends
on each other. So, one increases more than a
particular value, and the other must decrease to

[ Dow!ed from jhsw.tums.ac.ir on 2024-12-22 ]

prevent falling in the absorption coeflicient. It was
shown that the weight ratio of cement to fibers
in the range of 2:0.7 to 2:0.95 has no significant
effect on the sound absorption coefficient of
WWCP samples. However, a back layer of air or
a soft porous material increases the absorption
of low frequencies. Painting the surface of these
panels reduces the absorption coefficient at high
frequencies. Among the samples investigated, the
thickness of 4 cm, bulk density of 500 Kg/m?, and
CFR=2: 0.7 offers the highest sound absorption in
the frequency range of 63 to 6300 Hz.
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