Measurement of the acoustic absorption coefficient of
some local building materials for residential buildings
using the Kundt tube method
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Abstract. Sound noise is a major societal problem, whose health, environmental and even
economic impact is very important. According to the World Health Organization (WHO), noise
is an acoustic phenomenon that produces an uncomfortable hearing sensation. Populations whose
buildings are housed in areas at high risk of noise are exposed to multiple diseases resulting from
noise pollution. To remedy this, it is important to think of choosing the right materials with higher
acoustic absorption coefficient. The materials studied in this article are concrete, mortar, stabilized
soil, which are commonly and most used materials in the construction of residential buildings.
The present work consists of determining the sound absorption coefficient of each material
indexed by the Kundt tube method in order to provide building technicians with the standards to
be followed to improve the acoustic comfort of residential buildings. From the results obtained in
this paper, it’s obvious sound absorption coefficients peaks in the low frequencies between 100 Hz
and 500 Hz for the three materials. These sound absorption coefficients peaks are accented
respectively at 0.74 for the stabilized earth; 0.85 for mortar and 0.94 for concrete.

Keywords: sound absorption coefficient, buildings materials, acoustic comfort, noise reduction
coefficient, Kundt tube.

1. Introduction

In the area of the building, noise from traffic, walking, conversation, equipment are the sources
of annoyances that can go from a deterioration in the quality of life to direct effects on the health
of occupants. As such, the fight against noise is an important issue which translates into
regulations, acoustic standards that set minimum acoustic performance expected inside the
buildings so as to provide the acoustic comfort for the occupants and users [1, 2].

However, the noise produced by industries, streets, construction sites, garages, handling sites,
individuals or groups of individuals, and even aircraft become more troublesome or even harmful
for to neighboring people according to the level where they are located. Indeed, the ear is adversely
affected by noise level greater than 120 dB (decibels). This can lead to rupture of the eardrum [2].
As such, inhabitants of buildings located in the vicinity of the endless sources of noise are
constantly exposed to unpleasant acoustic effects that will lead sooner or later diseases. To remedy
this, it urges to think about the choice of the appropriate materials with a significant acoustic
coefficient to ward off the harmful effects caused by sound rumors over the health of the
population, during the construction of residential buildings in areas with high risk of noise.

For any building, contractors must check the standards on insulation against aerial noises and
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shock-related noises, insulation of facades, noise produced by technical equipment or reduction
of some local reverberation [3-5].

To succeed in this, it is important to use relevant approaches among which the Kundt tube [6]
method to identify local materials with significant acoustic coefficients [7] that can be used to
improve the acoustic comfort of residential buildings.

2. Materials and methods
2.1. Presentation of some materials

— Concrete: sand mixture of sea + gravel + cement + water [1].

Dosage: sand 40 1; gravel 80 1; cement 350 kg/m? (1 pack); 40 1 water.

— Mortar: sea sand mix + cement + water [1].

Dosage: 2 wheelbarrows of sand from sea; 1 package of cement; 40 | water.

— Stabilized earth: Earth + cement + water [1].

Dosage: 2 wheelbarrows stabilized (1900 kg/m?); 25 kg of cement; 60 1 water.

K

Concrete

Stabilized earth M ortar

Fig. 1. Below shows the image of the samples tested
2.2. Measuring the sound absorption coefficient using the Kundt tube

This device is chosen for the characterization of the study materials because it has some
advantages:

—The tested samples are small, manipulations are wealthier than in the anechoic and
reverberating chambers to mobilize large areas of material.

— Measures are generally more accurate and offer a very good reproducibility [8].

Our device works with a micro explorer fixed at the end of a rod, which through a sliding
movement, can measure the electrical quantities (maximum and minimum values of the voltage)
that can be used to deduce acoustic reflection coefficients or acoustic absorption coefficients and
acoustic impedances according to well-defined frequency values in the range
85 Hz < f < 1700 Hz. The existing devices on the market have one, two or four microphones all
fixed allow to measure the acoustic absorption coefficients and the acoustic impedances on the
ranges of varied frequencies.

Our device allows measurement frequency-by-frequency the acoustic absorption coefficient
while for multi-microphone tubes the frequency range is scanned in a single measurement with
more precisions [9].

The method chosen for our study is that of the single microphone. This choice is also justified
by the reliability of the measurements made; the simplicity of the system (no need for a
microphone calibration as in the case of the microphone doublet method and the simplest
determination of the desired phonic parameters (does not require the use of the transfer function).
In conclusion, our device does not have a peculiarity compared to existing ones; we designed and
realized it ourselves based on existing models to reach our objectives of applied research
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2.2.1. Description of the device

To measure the sound absorption coefficient, the Kundt tube is used. The experimental
apparatuses include the Test-tube made of PVC cylindrical rigid tube (Homogeneous, isotropic,
length L = 1 m with inner diameter D = 10 cm) and have very low absorption coefficient,
Speaker (DX; 8 Q, 2,5 W) which represent the sound source, a one-inch dynamic Microphone
Electret condenser, powered by a 9 V battery; pre-magnified and amplified by an BO SOUND
amplifier, Bicourbe oscilloscope (GW-INSTEK GDS-2104 or RAS-820 Mark) which measure the
maximum and minimum electrical voltage signal picked by the microphone and low frequency
generator (LODESTAR FG-20208) which generates the sinusoidal signals. Fig. 2 and 3 show the
experimental device and the microphone used.

Low frequency

M ark bicourbe oscilloscope Am plifier pream plifier generator

I
Battery Kundt tube

Fig. 2. Experimental device with Kundt’s tube

Fig. 3. Loading the material to be tested.
1. Sample carrier; 2. Stabilized earth sample; 3. Rod carrying the microphone

2.2.2. The Kundt tube principle

The Kundt tube principle is shown in Fig. 4.
Speaker microphone sample
=l
=g - =

L x o

Fig. 4. Schema modelled Kundt tube [9]

2.3. Method used to determine the acoustic absorption coefficient

Sound absorption coefficient describes the efficiency of the material or the surface.

The Kundt tube is closed at one end by a speaker while the other end is blocked by the material
under test. So, the principle of operation is the following [7].

A low frequency generator (PFG) is plugged into the speaker of the Kundt tube. The exploring
microphone is then connected to the data acquisition system or the oscilloscope. There is a cap
consisting of the material under test on the end of the tube, opposite the speaker. The frequency
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issued by the PFG is set on a normalized value. Next, the exploring microphone is moved in the
Kundt tube. Then, the value of the maximum amplitude U,,,, and that of the minimum amplitude
Unpin 1s noted.

We then compute the value of the reflection coefficient g according to Eq. (1) and that of the
absorption coefficient a of the material tested according to the Eq. (3).

The reflection coefficient g of materials is then obtained through:

2
g — (Umax Umm) , (1)
Umax + Umin

where U4, is the maximum electric voltage measured at the terminals of the exploring
microphone and U,,,;,, is the minimum voltage measured at the terminals of the same microphone.
However, we have the following:

g+a=1, 2)
from which we deduce that:
a=1-g. 3)
3. Results and discussion
3.1. Results

The results obtained after the experiments are as follows.

Table 1. The frequency of concrete absorption coefficient

f (Hz)| 100 | 125 | 160 | 200 | 250 | 320 | 400 | 500 | 640 | 800 | 1000 | 1250 | 1600
Upar | 1,741 1,72 | 1,68 | 1,62 | 0,67 | 1,7 1,3 1,0 1,3 | L12 | 0,64 0,38 | 0,26
Upin | 0,80 | 0,70 | 0,48 | 0,46 | 0,41 | 0,38 | 0,22 | 0,26 | 0,32 | 0,33 | 0,215 | 0,215 | 0,20

g 0,14 | 0,18 | 0,31 | 0,31 | 0,06 | 0,40 | 0,50 | 0,34 | 0,37 | 0,30 | 0,25 | 0,08 | 0,02
a 0,86 | 0,82 | 0,69 | 0,69 | 0,94 | 0,60 | 0,50 | 0,66 | 0,63 | 0,70 | 0,75 | 0,92 | 0,98

Table 2. The frequency of mortar absorption coefficient

f(Hz) | 100 | 125 | 160 | 200 | 250 | 320 | 400 | 500 | 640 | 800 | 1000 | 1250 | 1600
Upax (V) 10,96 | 1,30 | 1,68 | 1,80 | 0,48 | 0,36 | 0,62 | 0,48 | 0,42 | 0,26 | 0,92 | 0,20 | 0,18
Unmin (V) | 0421028 10,24 [044]0,18]0,16]0,16 | 0,161 [ 0,16 | 0,14 | 024 | 0,14 | 0,14
g 0,15]04210,56]037]021]0,15]035| 025 |0,20| 0,09 | 0,34 | 0,03 | 0,02

a 0,85 10,58 0,44 ] 0,67 10,79 0,85 0,65| 0,75 | 0,80 | 091 | 0,66 | 0,97 | 0,98

Table 3. The frequency of stabilized earth absorption coefficient

f(Hz) | 100 | 125 | 160 | 200 | 250 | 320 | 400 | 500 | 640 | 800 | 1000 | 1250 | 1600
Upar V)| 1,70 | 1,721 1,70 | 1,68 | 1,40 | 1,36 | 0,68 | 1,28 | 1,66 | 0,70 | 0,86 | 0,36 | 0,34
Upin (V)| 1,06 | 0,86 | 0363 | 0,66 | 0,29 | 0,225 | 0,22 | 0,20 | 0,31 | 0,20 | 0,24 | 0,20 | 0,22
g 0,050,111 0,19 | 0,19 043 | 0,51 |0,260,53|047]031] 0,32 | 0,08 | 0,05

a 0,9510,89 | 0,81 | 0,81]0,57] 049 |0,74]0,470,53]0,69| 0,68 | 092 | 0,95

3.2. Discussion

The Kundt tube used to carry out the measures has the following dimensions: length L = 1 m;
diameter D = 10 cm and allows a frequency range of a/4L < f < a/2D [9,10] that is
85 Hz < f < 1700 Hz; From this perspective, from this point of view we manipulated with the
standard third octave frequencies located in the main frequency domain indexed. Fig. 5 shows the
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coefficient of acoustic absorption of the three tested materials.

1.0

ool X i1 T

M\ e
\\ g

RS J—

0.5 \l y o
0.4

R

0.6

ool
|
|

0.3

o acoustic absorption Coefficient

0.2

0.1

o

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency (Hz)

Fig. 5. Measurement of acoustic absorption for concrete, mortar and stabilized earth using the Kundt Tube

From the curves, there are some obvious sound absorption coefficients peaks in the low
frequencies between 100 Hz and 500 Hz for the three materials. These sound absorption
coefficients peaks are accented respectively at 0.74 for the stabilized earth; 0.85 for mortar and
0.94 for concrete and are in line with the literature for other similar materials [11]. Similarly, the
curves of the curves are arranged in increasing order towards the high frequencies (from 600 Hz
to 1600 Hz). Indicating the sound absorbing properties of materials by using the absorption
coefficient values at different frequency ranges might be too complex. To solve this problem, the
ability of a material to absorb sound is generally calculated using a single value: the noise
reduction coefficient (T') [12, 13]. The (T') value can be calculated using formula:

_ Qs t U500 T A1000 T A1600

T
4

(4)

From this point of view, to interpret these curves, the histogram of T is made according to the
materials under study (Table 4).

The acoustic reduction coefficients calculated (Table 4) and represented by the histogram
(Fig. 6) show that the most absorbent material is concrete, followed by mortar and stabilized earth.

Table 4. The noise reduction coefficient for materials

Materials Noise reduction coefficient (T)
Concrete 0,833
Mortar 0,795
Stabilized earth 0,668

07 4
T os
05 4
04 4
03 1
02 4
01 4

Concrete Mortar Stabilized earth
Fig. 6. Noise reduction coefficient for concrete, mortar and stabilized earth

3.3. Computing Error margin on results obtained

The instructions read on the digital oscilloscope used as far as measurement accuracy is
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concerned are as follows: Precision = +(3%. U,,es + 0,05div. Cal/div); with Cal/div = the
vertical sensitivity (we realized our measures on 1 V/div) so we have:

AU,.o = 1(0,03U0x0mes + 0,05« D)V, AU,,im = £(0,03. Upinmes + 0,05 * 1)V, %)
according to Eq. (3) we have: Aa/a = Ag/g.

And by applying the logarithmic method to Eq. (1) and taking the upper limit of error on the
measurement of tension there comes:

A_g_ 4‘UmaxUmin (AUmin_l_AUmax) Aa _ 4‘UmaxUmin <AUmin AUmax) (6)

~ 7172 2 I 2
g Umax - Umin Umin Umax a Umax - Umin Umin Umax

Tension measurement accuracy varies from 0,01 to 0,15 % according to the frequencies.
4. Conclusions

The Kundt tube is used to measure the minimum and maximum voltages in the presence of
each material studied: 10 cm thick concrete; 10 cm thick mortar and 10 ¢cm thick stabilized earth.
These values of measured voltages have helped to compute the coefficient of sound absorption of
each indexed material. In conclusion, it is worth noting that the three materials are good absorbent
(a = 0,5) but the best absorbing material among the three under review is the concrete. Further
studies will be carried out with other construction materials in order to have a data bank on the
best absorbent of sound noise to ensure the acoustic comfort in residential buildings.
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