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Abstract

Aim of study: To determine the sound transmission losses of 16 different wood species with the
different density in the range of 100-1000 Hz frequencies, and the relationship between density and
transmission loss was.

Material and methods: In this study sound transmission loss values of Ash (Fraxinus excelsior),
Acacia (Robinia pseudoacacia L.), Beech (Betula pendula), Black pine (Pinus nigra), Black poplar
(Populus nigra), Canadian poplar (Populus x euramaricana), Chestnut (Castanea sativa Mill.), Cypress
(Cupressus sempervirens), Oriental beech (Fagus orientalis Lips,) Eucalyptus C. (E, camaldulensis
Dehnh), Eucalyptus G. (Eucalyptus grandis), Juniper (Juniperus excelsa), Plane (Platanus orientalis L.),
Scotch pine (Pinus sylvetris L), Turkish Red pine (Pinus brutia Ten) and White Oak (Quercus alba)
wood specimens were determined by using the impedance tube Kit.

Main results: Sound transmission loss is observed in lower density wood material species with the
increasing frequency. However, a clear relationship has not been established between the mean sound
transmission loss and density.

Highlights: It is important to determine the frequency-related acoustic performance parameters of the
wood material and to its relationship with density.
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Bazi Agag Tiirlerinin Ses iletim Kaybinin Deneysel Olarak

Belirlenmesi

Oz

Calismanin amacr: farkli yogunluga sahip 16 farkli aga¢ tiirtiniin 100-1000 Hz frekans araliginda ses
iletim kayb1 degerleri ile yogunluk arasindaki iligkinin belirlemektir.

Materyal ve yontem: Bu ¢alismada Digbudak (Fraxinus excelsior), Akasya (Robinia pseudoacacia L.),
Hus (Betula pendula), Karacam (Pinus nigra), Kara kavak (Populus nigra), Kanada kavagi (Populus x
euramaricana), Kestane (Castanea sativa) Mill.), Selvi (Cupressus sempervirens), Dogu kaymi (Fagus
orientalis Lips,) Okaliptiis C. (Eucalyptus camaldulensis Dehnh), Okaliptiis G. (Eucalyptus grandis),
Ardig (Juniperus excelsa), Dogu Cmar1 (Platanus orientalis L.), Sarigam (Pinus sylvetris L), Tirk
Kizilgamu (Pinus brutia Ten.) ve Beyaz Mese (Quercus alba) odunlarinin ses iletim kaybi degerleri
empedans tiip diizeneginde belirlenmistir.

Temel sonuglar: Frekans arttiginda, daha diisiik yogunluga sahip aga¢ malzeme tiirlerinde yiiksek ses
iletim kayb1 gozlendigini belirlenmistir. Ancak, ortalama ses iletim kaybi ile yogunluk arasinda net bir
iligki belirlenmemistir.

Arastirma vurgulari: aga¢ malzemenin frekansa bagli akustik performans parametrelerinin
belirlenmesi ve yogunluk ile iligkisinin tespit edilmesi 6nemlidir.

Anahtar Kelimeler: Akustik Ozellikler, Ses fletim Kayb1, Aga¢c Malzeme, Yogunluk

Introduction good acoustic properties, material

Wood  materials are  anisotropic, sustainability, low energy consumption and
viscoelastic, polymeric and porous structures. low carbon footprint etc. Wood is one of the
They have low heat conductivity, low bulk most commonly used construction materials.
density, easy machinability, high strength, Even more with the developing technology,

Citation (Auf): Cavus, V. & Kara, M. (2020). Experimental 19 This work is licensed under a Creative Commons
Determination of Sound Transmission Loss of Some Wood Species. Attribution-NonCommercial 4.0 International
Kastamonu University Journal of Forestry Faculty, 20 (2), 190-199. License.



mailto:vedat.cavus@ikc.edu.tr
https://orcid.org/0000-0002-3289-7831
https://orcid.org/0000-0001-5798-9014

Kastamonu Uni., Orman Fakiiltesi Dergisi, 2020, 20(2): 190-199

Kastamonu Univ., Journal of Forestry Faculty

Cavus and Kara

one of the uses of it is in building systems
(cross-laminated timber, glulam etc.) (Cavus,
2019). Besides, it is preferred for making
musical instruments as a structural and semi-
structural material. In general, wood material
is known to have good acoustic properties.
Despite there are many studies on the
physical and mechanical properties of wood
species in the literature but there is a slightly
of data with the acoustic properties of wood
and wood based products. Selection of wood
species is made in accordance with the usage
and purpose. Therefore, the properties of
these materials must be determined
accurately (Berkel, 1970; Voichita, 1995;
Sirel, 2000; Selmani & Sonmez, 2017; Bal &
Bektas, 2018). Using wood materials in the
decoration environment directly affects the
acoustic behaviour (sound transmission or
sound absorption). Therefore, it is very
important to determine their acoustic
behaviour, when properties of these types of
decoration materials are considered.

Different parameters such as noise
reduction coefficient, sound transmission
loss or sound transmission class are used for
examining the acoustic performance of
materials in building acoustics (Crocker,
2007). In fact, these terms are parameters
those can be calculated by determining the
sound absorption coefficient or sound
transmission coefficient. For example, the
noise reduction coefficient is a value
obtained by the average of the sound
absorption coefficient at some certain
frequencies.  The  sound  absorption
coefficient shows the capacity of sound
energy absorption of a material, while the
sound transmission coefficient shows the
amount of transmitted sound power from one
medium to another. Although these both
terms affect the insulation performance of a
medium from outer noise problems,
generally, the transmission coefficient is
measured for determining the insulation
performance. On the contrary, sound
absorption coefficient is a parameter used to
regulate indoor acoustic comfort. Therefore,
it is important to determine the sound
absorption and transmission coefficient
correctly.

The sound transmission and absorption
coefficients are determined by experimental
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studies or empirical formulations. Empirical
formulations are based on several
assumptions; therefore they are applicable in
certain frequency ranges. Therefore, the
desired parameters are usually determined by
experimental measurements. Experimental
measurements can be performed via
impedance tube (ASTM E1050, 2012;
ASTM E2611-17, 2017) or conditioned
acoustic laboratories such as reverberation
rooms (ASTM C423-09, 2009), source-and-
receiver rooms (ASTM E2249 — 19, 2003).
Although realistic results are evaluated in
reverberation rooms or source-and-receiver
rooms, these laboratories have high initial

investment costs. Thus impedance tube
measurements are  widespread among
researchers.

In this study, frequency dependent sound
transmission loss of different wood species,
which are widely used as a construction
material in furniture and decoration,
structural and semi-structural applications,
were determined in the impedance tube. The
results were compared with each other and
interpreted by considering the densities of the
materials.

Material and Methods
Material

In this study, Ash (Fraxinus excelsior),
Acacia (Robinia pseudoacacia L.), Beech
(Betula pendula), Black pine (Pinus nigra),
Black poplar (Populus nigra), Canadian
poplar (Populus x euramaricana), Chestnut
(Castanea sativa Mill.), Cypress (Cupressus
sempervirens), Oriental beech (Fagus
orientalis  Lips,) Eucalyptus C. (E,
camaldulensis  Dehnh), Eucalyptus G.
(Eucalyptus grandis), Juniper (Juniperus
excelsa), Plane (Platanus orientalis L.),
Scotch pine (Pinus sylvetris L), Turkish Red
pine (Pinus brutia Ten) and White Oak
(Quercus alba) are considered as test

specimens. They are widely used as
construction material in furniture and
decoration, structural and semi-structural

applications. The wood materials used in the
production of test specimens were obtained
from Izmir region in Turkey. According to
the TS 2470 Standard (1976), the supplied
wood materials were taken care that they
were not knotted, smooth-bodied, without
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fibre curl, without reaction wood, not sides of the test specimens were passed

exposed to insect and fungal pests and through automatic wide-belt
especially from sapwood. sanding/calibrating machine with first roller
80 and second roller 120 sand with a speed

Methods of 5 m / min in order to get the same
Prior to testing, the initial dimensions of thickness and smooth surface. The average
wood planks were cut to 20x130x500 mm last thickness value of the test specimens

before they were dried and then they were were 8 mm. For the impedance tube
conditioned at a relative humidity of 65 + 5% experiments, the test specimens were cut to
and temperature of 20 + 2 °C during 6 the desired size and precision with a speed of
months until they became air dry. The 8 mm/sec using CNC laser-cutting machine.
moisture content of test specimens was Automatic wide-belt sanding/ calibrating
approximately 12%. The conditioned wood machine. CNC Laser Cutting Machine and
materials were first cut to 12x120x400 mm test specimens are shown in Figure 1. The
in the band saw machine and one side was dimensions of all wood species test
planed and then they were brought to 10 mm specimens for impedance tube test were 8
thickness in the thickness machine. Both mm thickness and with the diameter 99 mm.

Figure 1. A) Automatic wide-belt sanding/calibrating machine, B) CNC Laser Cutting Machine,
C) Test specimens.

Air-dry density values are determined of sound is transmitted through the panel.
according to TS 2472 standard (1976). The There are different measures of them. Sound
conditioned wood material was first cut transmission loss (TL) is a measure of the
20x20x30 mm for determine air-dry density. ratio of the incident sound power and
The weights of the test specimens were transmitted sound power in terms of decibel.
weighed with 0.01 g precision analytical Although each material has different TL,
balance and the digital dial indicator clock similar tendency is observed in TL-frequency
with £ 0.0001 mm precision were used to graph of each panel/material. Consider
evaluate their dimensions. The air-dry Figure 2 in order to express behaviour of a
densities of the test samples were calculated material (Bies & Hansen, 2009). As it is

using the following Eq. (1): observed from Figure 2, TL of a material
decreases up to certain frequency, i.e., first

D, 2:@ (1) resonance frequency of the panel. TL of a
Viz material up to first panel resonance

frequency is dominated by the stiffness
properties of the panel therefore this region is
known as stiffness controlled region. After
the first panel frequency, mass of the panel is
dominant on TL and this frequency band is
known as mass controlled region. In this
region, TL is increases with frequency at the
rate of 6 dB per octave (doubling frequency)

where Dx is air-dry density (gr/cm®), My is
air-dry weight (gr) and V12 is air-dry volume
(cmd).

When the sound impinges to a
panel/absorber, the panel absorbs the some
part of the sound, some part of sound is
reflected from the panel and remaining part
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which is known as mass law (Bies & Hansen,
2009). Mass controlled region ends at the
frequency at which bending wave speed of

e

Stiffness Controlled

Transmission Loss (dB)

Panel Resonance

1 Frequency of First
1

Mass Law

6 dB Per Octave

the material coincides with the speed of
sound. Next, damping controlled region is
observed in TL curves.

d

9 dB Per Octave

Damping Controlled

Coincidence Region

Frequency (Hz)
Figure 2. Sound transmission loss behaviour of an arbitrary material (Bies & Hansen, 2009)

Transfer matrix method is a method to
analyse the acoustic materials and mufflers.
In this method any complex structure is
divided to its simple components such as
acoustic uniform pipe, sudden expansion or
contraction, etc... Then, pressure and mass
velocity relations between the ends of the
simple component are expressed by 2x2
matrix. Multiplying the transfer matrices of
connected simple components leads to
evaluate the characteristics of acoustic
muffler. However, for passive insulation
materials and complex acoustical structures,
analytical determination of transfer matrix
elements is not an easy task. Therefore,
experimental  procedures i.e., two-load
method (Lung & Doige, 1983; ASTM
E2611-17, 2017) and two-source method
(Munjal & Doige, 1990) are mostly used in
those cases. According to ASTM E2611-17
standard  (includes the  measurement
procedures of the two-load method), transfer
matrix elements of test specimen are
obtained by measuring two complex pressure
response functions (H, =P, /P, , i and t may
equal t01,2,3,4) at either side of considered
structures as shown in Figure 3 for each load.
In the measurements, the tube must be ended
with any two of hard end, soft end, anechoic
end or a sound absorber material. Transfer
matrix elements may be calculated by
determining sound pressures and particle
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velocities of test specimen at the inlet and
outlet for each load as follows:

P, =A+B, 2
p, =Ce ™ + De, (3)
u, =(A-B)/pc, (4)
uy =(Ce ™ — De' )/pc. (5)

Here, d is the thickness of test specimen, p
is the density of air, c is the speed of sound, k
is wavenumber, j=+/-1 and A, B, C and D

are forward and backward travelling waves
on either side of test specimen and can be
calculated by using complex sound pressure
response functions:

— jkl —jk(l +sl)
.He ™ —-H, e ™

A= , 6
: 2sin(ks,) ©
K(hes) _ y aldkh
B=j H,.e _ H.e | @
2sin(ks,)
ik(ly+sp) K,
c=jlaf ~Ha® @
2sin(ks,)
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L Hge M e )
2sin(ks,)

: (9)

where I; and I, are distances of 2" and 3"
microphones to the inlet of specimen, s; and
s; are distance between microphones. One
can determine transfer matrix elements by
using Egs. (2)-(5) as follows:

_ PoaYas = PopUga

T, = , (10)
) Paalap — PapYda

T(l,z) _ pob pda — pOa pdb , (11)
Pgalar — PapUga

T — UgaUgp — UopUga (12)

21 '
(@) Pyalar — PapUga

_ Paator = Paytoa

T - ]
Pyalar — PapUa

(22)

(13)

Note that, subscript a and b represent the
measurements for the first and the second
loads, respectively. Transmission coefficient
and transmission loss are calculated by,

gk
t= € , (14)
T, + T(l’z) +pCT, . +T
(11) oC Plliany Tz
1
TL=20log, | (15)

respectively. Here, t is sound transmission
coefficient and TL is sound transmission loss.

Analog Output
Module

‘ I
Power
Amplifier’

T

Stimulus Microphone : Mic.3
1st Response Microphone : Mic.1
2nd Response Microphone : Mic.2
3rd Response Microphone : Mic.3
DAQ System
2 2 2 2 I
1 2 3 |4
i 5 i i
% i3 I
Test Recommended for
Specimen Load 1: Rigid end
Load 2: Anechoic Termination (A)
“ f R
1 f R
#" a — — =

Figure 3. a) Schematic experimental setup, b) impedance tube used in experiments

Results and Discussion

In this study, transmission losses (TLs) of
selected wood species with the same
thickness (8 mm) were measured between
100-1000 Hz in the impedance tube. In this
regard, three samples of each species are
measured.

Table 1. Air dry density

Measured TLs are related with the densities
of the species. To relate the density and TL,
firstly densities of wood specimens were
determined. The average, maximum,
minimum and standard deviations of air-dry
densities of the test specimens are given in
Table 1.

Min.

Wood Specimens N Max. % (gricm®) c

Canadian poplar (Populus x euramaricana) 30 0.295 0.340 0.332 0.015
Black poplar (Populus nigra) 30 0.379 0.409 0.395 0.070
Eucalyptus G. (Eucalyptus grandis), 30 0491 0.555 0.520 0.066
Beech (Betula pendula) 30 0502 0.568 0.529 0.051
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Table 1. (Continued)

Wood Specimens N Min. Max. X (gricm®) c

Black pine (Pinus nigra) 30 0495 0.559 0.538 0.024
Turkish red pine (Pinus brutia Ten,) 30 0539 0.581 0.560 0.071
Scotch pine (Pinus sylvetris L), 30 0528 0.589 0.563 0.071
Juniper (Juniperus excelsa) 30 0552  0.599 0.587 0.020
Cypress (Cupressus sempervirens) 30 0567 0.612 0.595 0.059
Chestnut (Castanea sativa Mill.) 30 0589 0.623 0.610 0.023
Plane (Platanus orientalis L.) 30 0.598 0.640 0.627 0.057
Eucalyptus C. (E, camaldulensis Dehnh,) 30 0.647 0.698 0.649 0.084
Oriental beech (Fagus orientalis Lipsky,) 30 0.649 0.678 0.652 0.024
White Oak (Quercus alba) 30 0.657 0.711 0.691 0.040
Ash (Fraxinus excelsior) 30 0.694 0.724 0.709 0.084
Acacia (Robinia pseudoacacia L.) 30 0.685 0.743 0.731 0.051

N: Number of test specimens, X: Average, o: Standard deviation, Min: Minimum, Max: Maximum, * wood species

were listed to their density, from low to high.

Sound transmission loss of the wood
species for the samples with the diameter of
@99 mm between 100-1000 Hz and
transmission loss were measured by using
two-load method. 1/3 octave band averaged
results are presented in Figure 4 and Table
2.

According to Table 2 and Figure 4, there
are some woods species those present
higher TLs than expected in accordance to
density, i.e, TLs of Black poplar (having the
density of 0.395 gr/cm?) is higher than the
TLs of Acacia (0.731 gr/cm®), White Oak
(0.691gr/cm®) and Oriental beech (0.652
gr/cm?®) in 1000 Hz. This may be due to fact
that, there are several factors (the
anisotropy and orthotropy of wood,
mechanical ~ properties  (modulus  of
elasticity, hardness and stiffness), chemical
composition  of  wood, anatomical
differentiation such as annual ring width,
latewood ratio, ray cells, resin canals, etc.,
the air contained in the cavities of wood cell
and porous structure of wood) which affect
TL in wood material (Watanabe et al.,
1967; Bucur, 2006; Fukuta et al., 2012).
Besides, TL increases when the wood
structure irregular and the specific mass, the
roughness of the surface, the maoisture
content and heat increase. In one study, it
has been reported that low density material
specimens give better results (higher TL)
than high density material specimens
depending on the density values of wood
and wood based materials (Godshall &
Davis, 1969). For the species those have
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lower TLs, traditional methods for
improving sound insulation performance
(such as increasing the surface density and
thickness of the considered material) may
be used to increase TL. However, this
method is neither economic nor convenient
in terms of the processing and utilization of
materials (Li et al., 2010).

Considering TL results of wood species
high averaged transmission loss is observed
for Ash, Oriental beech, Plane and Turkish
Red Pine species whereas Juniper,
Eucalyptus and White Oak species have
lower averaged transmission loss. In the
measurements, stiffness controlled region
and the first resonance frequency are clearly
observed in Figure 4. Except Ash, Chestnut
and Black Pine species, the first natural
frequency of the species is observed between
250-400 Hz for all species. As it is known,
the natural frequency is calculated by square
root of ratio of stiffness and mass. Since the
volumes of all considered species are
identical, Ash, Chestnut and Black Pine may
have higher ratio of stiffness and density than
the others.
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Table 2. 1/3 octave band averaged sound transmission loss of different wood species with the same thickness*
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100 29.96 3058 28.41 2997 2726 3414 2928 3221 2842 3217 3136 2429 2966 2580 3511 29.37
125 36.12 3014 3480 30.13 3189 358 31.74 26.01 3377 3356 3650 3111 3856 2794 3570 33.76
160 25.03 2582 2060 33.05 2854 2469 1735 1386 28.68 32,67 31.87 2329 2322 2653 2853 20.10
200 1733 19.12 1722 1841 2574 1651 15.03 1231 2218 2149 1771 2049 17.90 2267 2553 16.63
250 1253 1282 11.04 1139 2563 10.32 8.22 6.96 18.85 18.80 13.10 1495 1349 1888 2233 9.65
315 6.93 9.14 5.82 10.23  26.13 11.48 9.68 1266 1332 14.02 9.01 12.72 6.68 1097 1926 12.30
400 12.24 1594 1219 1597 2283 1515 1442 1414 5.96 15.09 1252 11.10 1015 20.87 1855 17.23
500 17.48 19.89 1612 1813 19.21 19.23 1807 1238 1171 1833 1355 15.01 1445 16.96 1354 14.95
630 1790 20.81 1851 1936 1298 21.62 2026 16.09 1641 1322 1724 1818 17.26 17.17 1641 18.18
800 20.31 2276 2053 2093 19.72 2098 22.03 1873 1852 16.64 20.15 18.88 19.47 2125 20.25 20.46
1000 2197 2481 2233 2314 2328 2264 2372 2092 2086 1956 2225 2090 2165 22.18 23.06 22.80
Average 27.28 2492 2593 26.27 26.16 28.27 2441 2341 2596 2756 2852 2310 2899 2311 29.00 25.46

Note that, high TLs among the species are written by bold letters in Table 2. * wood species were listed to their density, from low to high.
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Behaviour of the mass law region (TL
gains 6 dB with frequency per octave) is
evaluated for the considered species except
Black pine, Cypress, Chestnut, Ash and
Acacia. However, increment occurs between
45-7 dB instead of 6 dB for different
species. This may be due to experimental
errors or averaging the results in 1/3 octave
bands. For the species in which mass law
region are not observed, measurements must
be performed up to higher frequencies than
1000 Hz. Since Black pine has high TLs in
lower frequencies, this species may be a
good alternative insulation material for lower
frequency noise. A similar relation was
reported by some researcher for several kinds
of wood and wood based panels reported in
literature (Davern, 1977; Kang et al., 2006;
Kang et al., 2010; Chang & Zhihui, 2011,
Smardzewsk et al., 2014). The acoustic
properties of individual wood species can be
very different (Chauan et al., 2005; Mohebby
etal., 2007).

As the frequency increases, high TL is
observed for the species with lower densities.
For example, at higher frequency (1000Hz),
black poplar wood specimens with lower
density have higher value than the Ash wood
species. No relation between averaged
transmission loss and density is observed.

Conclusion

Wood species are used quite frequently in
building and decoration. Although there are
quite a few studies on the mechanical
performance of wood species in the
literature, studies on their acoustic
performances are very limited. In this study,
sound transmission losses (TLs) of 16
different wood species having the same
thickness were measured in impedance tubes
between 100-1000 Hz to compare the
insulation performances of the species. In
addition, the densities of the tested species
were determined experimentally. Although
no relation can be established between the
average TLs and the density of the species,
the higher transmission loss has been
obtained for the lower density materials with
increasing frequency. According to the
results, Ash, Oriental beech, Plane and
Turkish Red Pine species for the entire
frequency band and Black Pine for the low
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frequency noise problems, which are mostly
problematic in insulation; problems will be
good alternative materials among other wood
species. It is thought that the results of this
research can be a guide in the selection of
right wood species. By this guide, wood
material can use effectively and correctly in
applications where acoustic properties are
important.
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