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ABSTRACT

Introduction: Wood-Wool Cement Panels (WWCPs) are environmentally friendly sound absorbers also
used as heat, energy, and moisture insulators. WWCPs have suitable mechanical properties due to using
Portland cement and wood strands as raw materials. In this study, the acoustic performance of WWCP
absorbents will be investigated.

Material and Methods: The mixed raw materials were molded under pressure through a hydraulic press
to fabricate the WWCP samples. Samples were demolded after 24 hours. Samples were created with two
thicknesses of 2 and 4 cm and three bulk densities of 400, 500, and 600 kg/m3 to examine the impact of
thickness and bulk density on the acoustic absorption coefficient. The sound absorption coefficients were
determined as a function of frequency for two frequency ranges: low (63-500 Hz) and high (630-6300 Hz).

Results: In the low-frequency range, increasing the thickness from 2 to 4 cm increased the absorption
coefficient at 500 Hz by 0.16 and 0.23 for densities of 400 and 500 kg/m3, respectively. Increasing the
thickness added an absorption peak and increased the value of these absorption peaks to 0.9 in the high-
frequency range. When the bulk density of the 4-cm-thick samples increased from 400 to 600 kg/m3, the
low-frequency absorption peak increased by 0.33. In the high-frequency range, the same density change
increased the absorption peak by 0.26 for the 2-cm-thick sample.

Conclusion: Increasing the thickness of WWCP improves both its high- and low-frequency acoustic
absorption coefficients. In addition, increasing the bulk density to approximately 500 kg/m3 boosts the
sound absorption efficiency in both frequency ranges.
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1. INTRODUCTION

Sound control technologies include various
methods, including the application of insulators
and absorbents, acoustic chambers, silencers or
mufflers, vibration control, and active methods.
Moreover, using acoustic absorbents is one of
the most prevalent control methods (1). Porous
materials contain a network of interconnected and
irregular air paths, which results in the dissipation
of sound energy when it strikes these materials;

therefore, they are widely used as sound absorbers.
Fibrous materials typically have sufficient porosity
to enrich acoustic absorption (2). The use of
natural fibers in producing sound absorbers has
increased in recent years, and researchers are
seeking new methods to replace natural fibers with
synthetic ones. To this end, wood-wool cement
panels (WWCPs) are natural fibrous materials
with favorable mechanical, thermal, and acoustic
properties. In addition, due to the mineralization
* Corresponding Author Email: esmaeelm@sina.tums.ac.ir of the wood wool by cement, the panels have
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superior fire and biodegradation resistance.
Despite the widespread use of WWCPs as acoustic
panels and the extensive research conducted on
their mechanical properties, additional research
is required to determine the effect of different
structural features on the acoustic properties of
these panels. Consequently, the current research
aimed to fabricate WWCPs and determine the
effect of the basic parameters of this product’s
production, namely the thickness, and bulk
density, on the sound absorption coefficient in two
frequency ranges: low (63 to 500 Hz) and high (630
to 6300 Hz).

2. MATERIAL AND METHODS

WWCP samples were prepared with 2-and 4-cm
thicknesses and three bulk densities, 400, 500, and
600 kg/m3. For the fabrication process, wood wools
of spruce trees from northern Iranian forests and
white Portland cement manufactured by the Iranian
company Benvid were utilized. A wood wool grater
machine was used to convert spruce timber to
wood wool. After three months of drying at room
temperature, wools were weighed according to the
quantity required for each sample and then soaked
in tap water to extract sugar and tannin. These
wood wool components inhibit cement setting. The
mortar was made by mixing cement and water. For
each sample, the amount of water was equivalent
to 40% of the weight of the cement. A hydraulic
press was used to press a mixture of cement mortar
and wood wool into tubular molds under 3 tons of
pressure. Since the mold diameter was the same
as the impedance tubes, there was no need for a
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cutting procedure following the demolding of the
samples. All samples were then stored for 30 days
prior to the final cement setting process. Acoustic
absorption coefficient measurements were made
in the acoustic laboratory of the Tarbiat Modares
University of Tehran in the frequency ranges of 63 to
500 Hz and 630 to 6300 Hz using impedance tubes
models BSWA 422 and BSWA 477, respectively, as
per the ISO 10534-2 standard.

3. RESULTS AND DISCUSSION

As shown in Fig. 1, for bulk densities of 400
and 500 kg/m3, the thickness of the panels affected
the low-frequency sound absorption performance.
In densities of 400 and 500 kg/m3, increasing
the thickness from 2 to 4 cm increased the peak
absorption coefficient by 0.23 and 0.16, respectively.
Fig. 2 demonstrates that as the thickness of the panel
increases at a high-frequency range, the absorption
coefficients rise significantly, and an additional
peak value can be observed at greater thickness.
The highest increase in absorption coefficient due
to thickness change was approximately 0.6, which
occurred at 1000 Hz in both bulk densities. As
evident from Table 1, in the high-frequency range
and for WWCPs with a thickness of 2 cm, an increase
in bulk density from 400 to 600 kg/m3 resulted in
an increase of 0.18 in the average sound absorption
(SAA). At low frequencies, however, there was no
significant difference between SAA of different
bulk densities. Density had no meaningful effect on
low-frequency sound absorption in samples with a
thickness of 4 cm, but the SAA at 630 to 6300 Hz
increased with an increase in density from 400 to 500
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Fig. 1: Effect of thickness on the sound absorption coefficient of WWCPs in the low-frequency range
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Fig. 2: Effect of thickness on the sound absorption coefficient of WWCPs in the high-frequency range

Table 1: Sound absorption average of different bulk densities at the low and high-frequency range

SAA at the low-frequency range (63-500

SAA at the high-frequency range (630-6300
hz)

Thickness Bulk density

(cm) (kg/m?) hz)
400 0.11

2 500 0.07

600 0.09

400 0.15

4 500 0.14

600 0.21

kg/m3. Intriguingly, as the bulk density increased to
600 kg/m3, the absorption of high-frequency sound

declined.

4. CONCLUSIONS
This study indicates that WWCPs possess

suitable acoustic absorption. Moreover, they can be
localized for mass production in Iran. The results
show that increasing the thickness in both low and
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0.4
0.46
0.58
0.67
0.77
0.66

high-frequency ranges leads to improved sound
absorption. Increasing bulk density to 500 kg/m3
increases sound absorption, particularly at high
frequencies. However, it appears not to affect low-
frequency acoustic absorption.
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