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Knowing the acoustic properties (acoustic absorption coefficient and 

impedance) of the local materials used in the construction of buildings 

in Benin is a crucial issue for the acoustic comfort of the occupants. 

However, these properties are not available for each material and they 

can vary significantly depending on the consistency density and general 

shape of material. One of the most important and frequently used 

acoustic properties for a material is the absorption coefficient, which is 

a measure of the sound energy that a material can absorb from an 

incident sound wave. For the measurement of this parameter, the use of 

the Kundt tube is often preferred. Thus, we realized a Kundt tube 

equipped with a single microphone for the characterization of local 

materials. The validation of this device has been conducted with three 

materials that are: wool glass, polystyrene and wood varnish. 

measurements were performed with samples following the octave band 

on a frequency range from 250 Hz to 2000 Hz and the values obtained 

were compared with those of the literature. This has allowed us to 

ensure the good performance of the tube as well as the replicability and 

the reliability of measurements. 

 
                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The perception of sound is of major importance in everyday life. Speaking, listening to music or singing are 

examples that show how the sounds are essential to our well-being. Noise however can have serious implications on 

the quality of life of the people who are directly concerned. Sound noise is a physical phenomenon of mechanical 

origin consisting in a change of pressure (very low), speed vibration or density of fluid, which spreads by gradually 

changing the state of each element of the environment considered, thereby giving birth to a sound wave [1]. It can be 

considered as an agent of environmental stress, which can have a negative impact on the daily life, both at work and 

at home. The health impacts of noise are grave such as deafness or tinnitus, sleep disorders, hypertension, 

cardiovascular risks or the deterioration of mental health [2], [3] . The demands of the people have therefore 
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increased and noise is generally less well tolerated. In front of such risks, the inability to eliminate noise sources, 

taking into account the acoustic comfort in buildings is essential for the good of the people. [4] 

 

Solutions for the implementation of the acoustic comfort in a building depend mainly on the envelope of the latter 

and therefore the materials that are used for its realization. The choice of a set of materials for insulation or acoustic 

correction is based on the nature of the noise and acoustic comfort required in a specific place. Therefore, it is 

necessary to know the acoustic characteristics of each material component of the building envelope. 

 

Unfortunately in Benin, the absence of acoustic data on local building materials makes difficult the realization of 

acoustic comfort in our buildings. It is in this context that we were asked to install a unit of acoustic characterization 

of local building materials in the laboratory. 

 

Several methods have been developed by the scientists for the determination of these characteristics which used both 

testing room and measures in a Kundt tube. Reverb tests are relatively complicated and require expensive facilities 

and samples of large and specialized equipment. The results of this approach may also vary depending on the overall 

shape of the sample size and mounting condition [5]. To overcome these drawbacks, the use of the Kundt tube is 

often adopted to measure and compare the relative values of absorption and impedance acoustic of the materials. 

 

The main objective of this work is to evaluate the acoustic performance of a device of Kundt tube for the 

determination of the coefficient of absorption and impedance of local materials. So, we will seek, specifically, to 

achieve the Kundt tube device, then to identify the materials testing and finally to proceed with the validation of our 

device. 

 

Material and method:- 
Materials 

The Kundt tube is one of the most widely used test in the field of acoustics. It is used to characterize materials in 

determining the acoustic absorption coefficient, the reflection coefficient and impedance of surface. The method of 

measure associated with this way to test is described in standard ASTM E 1050 in North America and in the 

standard ISO 10534-2 for Europe. 

The impedance tube is usually cylindrical in shape. It is composed: 

1. a rigid and right tube; 

2. a door sample intended to accommodate the material under test; 

3. a section of measurement where the microphones are fixed so as to have the membrane flush to the tube (for the 

method of the electronic doublet) or a fixed microphone at the end of a rod moving in the tube (for the method 

of the single microphone); 

4. a speaker for the sound. 

 

Method  

This method uses a tube of uniform section, of fixed length (figure 1). The field of standing waves is created by a 

speaker powered by a sinusoidal signal, generated and then amplified by the string generator BF / amp BF. The 

acoustic field created in front of the tube formed by the absorbent material is explored through a mobile microphone. 

 

 

 

 

 

             Figure 1:-Kundt tube to single microphone [6]. 

 

The method selected for our study is that of the single microphone. This choice is justified by: 

1. the reliability of the measurements; 

2. the simplicity of the system (no need to make the microphone calibration as in the case of the microphone 

doublet method); 

3. the determination of sought-after tone settings is easier (it does not require the use of the transfer function) 
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Realization of the Kundt tube 

Design of the Kundt tube 

Schema of the Kundt tube 

The realized Kundt tube is as shown in the figure below. 

Figure 2: diagram of realized Kundt tube 

The realized Kundt tube consists mainly of: 

1. a speaker representing the sound source; 

2. a cylindrical tube that serves as a guide for sound waves; 

3. a sample carrier intended to accommodate the material under test. 

4. a microphone for measurement of pressure along the tube. 

5. a rod which wears the microphone and ensures straight line moving in the tube; 

6. two brackets to keep the tube in balance. 

 

Choice of materials of the components of the Kundt tube 

 

Table 1:-choice of components of the Kundt tube 

 

Sizing the Kundt tube  

The measuring method is based on the principle that only the flat waves propagate in the tube. This implies a limit 

frequency. Indeed, from a certain frequency, called cut-off frequency, other types of waves appear and it is no 

longer possible to separate plane wave from others.  

 

The cut-off frequencies (of minimum and maximum) depend on the length L of the diameter d of the tube, 

respectively. The smaller the tube is, the higher the cut-off frequency is. Following Dowling, the limit of 

measurement in high frequency fmax is determined by the expression (Dowling et al, 1985) [9]: 

     
 

     
                        

                  (1) 

With: 

fmax: maximum frequency of cut in Hz; 

c: the speed of sound waves in m.s
-1

; 

d: the internal diameter of the pipe in m. 

As a result, the limit low-frequency measurement is obtained by: 

     
  

  
                        (2) 

Where L is the length of the pipe in m. 

The frequency f to cover is in the limit: 
  

  
   

 

     
                     (3) 

For our study, we chose a tube of diameter d = 0, 1 m and length L = 1 m 

 Frequency range to be covered will be:                  . 

Component Material Justification 

 

 

Tube 

 

 

PVC 

Kundt tube has this feature to limit the transmission and 

absorption of waves (E_t≈E_a≈0) and in normal 

incidence. Due to its rigidity and its very low absorption 

coefficient (α = 0, 04 at 1000 Hz [7]), but also its low cost 

and its wide availability, we choose the PVC pipe. 

 

         Sample holder 

 

          Ordinary steel 

The sample must be placed in a medium that is rigid and 

impermeable, which removes the transmission and 

absorption of waves. So the ordinary steel (very low 

absorption coefficient, α = 0, 03 at 1000 Hz [8]) was used. 

 

 

Microphone stem 

 

 

Aluminium 

The door-microphone must be supported by the sample 

holder and it must slide easily. That is why we choose a 

low density material having a very good state of surface 

after machining: these are the reasons behind the choice of 

aluminum. 
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Realization of the Kundt tube 

Mounting of the device 

The assembly of the parts constituting the Kundt tube is done as follows: 

1. developing of the cylindrical tube into the brackets; 

2. setting the speaker at one of the ends of the tube; 

3. setting the microphone on the stem; 

4. introducing the stem with microphone in the sample carrier; 

5. assembling the set (a gate sample, stem and microphone) to the second end of the tube. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Completed Kundt Tube. 

 

 

Implementation of the data acquisition unit 

 

 

 

 

  

 

 

 

 

 
 

 

Figure 3:-Measuring bench of the coefficient of absorption and acoustic impedance of materials. 

 

Steps in the data acquisition process include the following: 

1. placing a sample of the material to be tested in the sample holder and mounting it in the tube; 

2. powering on the analyzer (oscilloscope) frequency and setting it for the octave band measures; 

3. connecting the microphone through a preamplifier Jack then a direct amplifier at the entrance of the frequency 

analyzer; 

4. connecting the speaker to the low frequency generator already energized for the emission of the sound waves; 

5. setting the low frequency generator to produce sine waves on different frequencies of the band of octaves; then 

starting the measurement by reading maximum and minimum voltage levels on frequency monitor through the 

displacement of the rod to the microphone in the tube (be careful so as not not to touch the speaker with 

microphone). 
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Figure 4:-Diagram of the data acquisition unit. 

Choice of materials to be tested 

For the validation of the realized Kundt tube, we chose three materials whose acoustic properties are known: glass 

wool, polystyrene and varnished wood. Made from natural products (sand and recycled glass), glass wool is an 

insulating material which is usually in the form of a more or less flexible mattress where the air is trapped by 

intertwined fibres [10], [11]. Glass wool is used for thermal insulation and sound insulation of the buildings for 

residential or non-residential buildings. Its features also allow it to be used as absorbent for acoustic correction or in 

protection against fire. 

Meanwhile, polystyrene consists of a compact and white foam used most often for thermal insulation and packing. 

Expanded polystyrene is obtained from polystyrene crystal to which has been added, during polymerisation, an 

agent of expansion (often water vapour then pentane). From the acoustic point of view, it is a little absorbent 

material. 

As far as wood is concerned, it is a light material which the acoustic insulation properties are not very good. The 

thick wood structure shows it to be compact and with smooth surface cushions. However, with noise, wood is not a 

good absorbent material. 

 
Figure 5:-Samples for validation of the realized Kundt tube. 
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Results and discussion:-  

Results 

Validation of measurements of the coefficient of absorption of the samples 

Measurement Protocol 

First steps on materials with known properties are essential to test the completed device. To do this, we chose 

different materials: an (01) absorbing material (glass wool); a (01) very little absorbing material (expanded 

polystyrene) and a (01) reflecting material (varnished wood). 

These three (03) materials are sampled as follows: 

• sample A: glass wool; 

• sample B: polystyrene; 

• sample C: varnished wood. 

According to the different frequencies of the octave band, the absorption factor of each material is determined and 

the curve of these coefficients traced. This exercise is to be conducted three (03) times and the curves obtained for 

each type of material to be superimposed to assess the repeatability of measurements with the realized Kundt tube.  

Subsequently, the curve of absorption coefficients measured for each material will be drawn then compared to that 

of the coefficients obtained in the literature.  

 

Measurement of the absorption coefficients 

Prior to the measures of the coefficients of absorption of the samples, the performance of the empty tube is first to 

be evaluated by measuring its coefficients of absorption without a sample inside. The values obtained are reflected 

in the table below.  

  

Table 1:-of the empty tube absorption coefficient 

Empty tube 

Frequency (Hz)                   

          3280 3180 2900 2260 

           100 80 40 20 

Absorption coefficient (α) 0,11 0,09 0,05 0,01 

 

After the analysis of the table, we notice that the empty tube absorption coefficients are very low on the selected 

frequency band. This therefore meets the condition to be the most reflective as possible so that incidental radiation 

emitted from the speaker is not too much absorbed by the sample holder. This then measures the sample carrier. 

The first series of measurement are as follows: 

 

Table 2:-absorption factor of the sample (50 mm) 

Sample A (       

Frequency (Hz)                   

           3120 3200 2420 820 

           900 880 660 200 

Absorption coefficient (α) 0,69 0,67 0,67 0,63 

 

Table 3:-absorption factor of the sample (25 mm) 

Sample A (       

Frequency (Hz)                   

           3260 3240 2780 520 

           920 1080 1020 180 

Absorption coefficient (α) 0,68 0,75 0,78 0,76 

 

Table  4:-absorption factor of the sample B 

Sample B 

Frequency (Hz)                   

           3180 3180 3160 1020 
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           260 500 620 80 

Absorption coefficient (α) 0,27 0,46 0,54 0,26 

 

Table 5:-absorption factor of the sample C 

Sample C 

Frequency (Hz)                   

           3240 3180 3020 2140 

           280 120 60 20 

Absorption coefficient (α) 0,29 0,16 0,07 0,03 

 

The measurements are repeated three times for each sample. 

 

Results of the repeatability of measurements 

To assess the repeatability of the measurements of the realized tube, we need, for each sample, to superimpose the 

absorption factor of the three series of measurement curves. This gives the figures below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a2) calculation of uncertainty of measurement 

 

 

 

Figure 9:-curve obtained with the B sample repeatability 

Figure 10:-curve obtained with the sample C repeatability 

 

The uncertainty of measurement of size M, noted unequal, is a positive parameter that allows us to set an interval of 

'likely values' of the magnitude M values in which one has a 95% chance of finding the "real value". This is a 95% 

confidence interval. The quality of a measure will be that much better when the associated uncertainty will be small. 

[12] 

 

Designated by ∆α uncertainties associated with different measurements, we have: 

    (
         

         
)
 

                                                                                                                                 (4) 

 

   |
  

     
|       |

  

     
|                                                                                                                   (5) 

Where: 
  

     
 

                 

            
                    (6)            

 

Figure 7: curve of repeatability obtained with the sample  

A (50 mm) 

 

Figure 8: curve of repeatability obtained with 

sample A (25 mm) 
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                    (7) 

      √
∑            ̅̅ ̅̅ ̅̅ ̅̅    
   

      
                   (8) 

      √
∑            ̅̅ ̅̅ ̅̅ ̅̅    
   

      
                  (9) 

With: 

 : the absorption factor of the material; 

Umax: the maximum voltage given by the oscilloscope in mV; 

Umin: the minimum voltage given by the oscilloscope in mV; 

∆α: measurement uncertainty; 
  

     
 : the partial derivative of the coefficient of absorption compared to the maximum voltage. 

  

     
: the partial derivative of the coefficient of absorption compared to the minimum voltage; 

∆Umax: the uncertainty associated with the measurement of the maximum voltage; 

∆Umin: the uncertainty associated with the measurement of the minimum voltage  

n: the measurement number (n = 3) 

Applying formulas of established higher uncertainty, accuracy on the different measures varies from 0.006 to 0.09. 

 

Trace the curves of validation 

According to literature, the coefficients of absorption of the selected materials are distributed in the following tables. 

 

Table 6:-absorption factor of the sample (50 mm) [13], [14] 

Sample A (50 mm) 

Frequency (Hz)                   

Absorption 

coefficient (α) 

Reference 0,45 0,56 0,59 0,61 

Measured                                          

 

Table 7:-absorption factor of the sample (25 mm) [13], [14] 

Sample A (     ) 

Frequency (Hz)                   

Absorption 

coefficient (α) 

Reference 0,38 0,60 0,64 0,62 

Measured                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8:-absorption factor of the sample B [13], [14] 

Sample B 

Frequency (Hz)                   

Absorption 

coefficient (α) 

Reference 0,1 0,41 0,33 0,21 

Measure                                         

 

Table 9:-absorption factor of the sample C [13], [14] 

Sample B 

Frequency (Hz)                   

Figure 11:-Curve A (50 mm) sample validation. Figure 12:-Curve A (25 mm) sample validation 
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Absorption 

coefficient (α) 

Reference 0,04 0,03 0,03 0,03 

Measure                                         

 

 

 

 
 

 

Figure 13:-Validation of the B sample curve 

 
Figure 15:-Curves of validation summary 

 

calculation of the acoustic impedance of the test material 

    
    

    
                                                      (10) 

With: Z: acoustic impedance of the test material in Ray; 

Ρ: density of material ρ = 1, 2 kg.m 
-3

 

c: speed of sound (C = 344 m.s 
-1

); 

R0: reflection in pressure coefficient. 

Tables below provide information on the values of the acoustic impedance of the test materials depending on the 

frequency. 

 

Table 10:-Acoustic impedance in the sample A (50 mm) 

 

Table 11:-Acoustic impedance of the sample A (25 mm) 

  Sample A (     ) 

Frequency (Hz)                   

Acoustic impedance (Rays)                                

 

Table 12:-Acoustic impedance of the  sample B 

  Sample B 

   Sample  A (     ) 

Frequency (Hz)                   
Acoustic impedance (Rays)                                 

 

Figure 14:-Validation of the C sample curve 
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Frequency (Hz)                   
Acoustic impedance (Rays)                                 

 

 Table 13:-Acoustic impedance of the varnish wood  

wood varnish 

Frequency (Hz)                   

Acoustic impedance (Rays)                                    

 

Discussion:- 
A rigorous review of the variability of the results between the three series shows the repeatability of the 

measurements made with the designed Kundt tube. Indeed, there is a similarity between the curves of the absorption 

coefficients of glass wool (figure 11 and 12), expanded polystyrene (figure 13) and wood (figure 14). The 

measurement differences on certain frequencies can be attributed to errors in handling and will not affect the 

repeatability of measurements. 

 

The performance of the realized Kundt tube is checked by comparing the coefficients of absorption measured for 

each material to those obtained in the literature. So, by layering the curves obtained with the measured absorption 

coefficients and those in the literature, the performance of the designed tube can be appreciated.  The measures of 

the coefficients of acoustic absorption in the Kundt tube on a circular sample of wool of glass of 25 mm and 50 mm 

thickness for a 100 mm diameter have been conducted. Three sets of measures are completed and the curve of the 

average of the values obtained were plotted and compared to the reference values of the literature. According to 

these measures, glass wool is an absorbent material since the values tend to 1. However, the curve of the measured 

values is not identical to the reference curve. We note that the values measured in the range of 250 Hz to 1000 Hz 

are somewhat remote from the reference values with a maximum absolute error of 0.32 to 250 Hz for wool 0.23 to 

250 Hz and 25 mm to 50 mm. Beyond 1000 Hz, the values tend all to be reference values. The observed differences 

in measures are explained by the non-uniformity of the material, the difficulty to obtain a perfectly flat surface 

during the implementation of the sample in its container and handling errors. With respect to the expanded 

polystyrene, the measurements seem to be in line with those of the literature on selected frequency range, with the 

exception of the frequency of 1000 Hz for which there is a maximum absolute error of 0.17. Unlike glass wool, the 

varnished wood is a material very little absorbing from the point of view of acoustics. So we should get a 1, and 

therefore close reflection coefficient, a coefficient of absorption close to 0. Table 7 shows us very close to 0 values 

as the frequencies increase. These values support the hypothesis that the varnished wood is a reflective material. 

Reported to the reference values, we find that the measured absorption coefficients are very close to this one except 

for the frequency of 250 Hz. The maximum absolute error recorded at this frequency is 0.19. The observed errors in 

this case can be attributed to the direction incident waves by report that components fibre wood, nature of the wood 

used (literature do not specifically used wood) and handling errors. 

 

Despite the few recorded errors, the realized Kundt tube allows us to categorize very specifically different materials 

according to their acoustic absorbency (see figure 3.9 below) and with reliable absorption coefficients. The analysis 

of figure 3.9 allows us to classify glass wool in the category of absorbent materials, polystyrene in the little 

absorbent materials category and polish wood in the category of the reflective material. [Also, it should be noted that 

many of the identified errors are obtained at the frequency of 250 Hz which is normally not in the frequency range 

since the realized Kundt tube is functional on an interval of] 255 Hz; 2035 Hz [15] All this reflects the good 

performance of the realized Kundt tube. 

 

 

Conclusion:- 
The acoustic comfort of a building depends on the nature of the materials constituting its envelope. It is important to 

acoustically characterize these building materials. This study therefore sought to establish a mechanism for the 

determination of the acoustic characteristics of materials (acoustic absorption coefficient and impedance). A 

bibliographical study of different methods of determination referred us to the choice of one of the most common 

methods: the Kundt tube method. In this line, a Kundt tube to single microphone was made and its performance has 

been evaluated through three materials whose acoustic characteristics have been tested and which are: wool glass, 

polystyrene and wood varnish. Measures of the coefficients of absorption of these materials were conducted with the 
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device on a frequency ranging from 250 Hz to 2000 Hz, a range allowing their individual categorization. Thus, glass 

wool has been recognized as an absorbent material, expanded polystyrene as a partially absorbent material and wood 

varnish as a reflective material. The values obtained were then compared with those of the literature. The results 

emerging from this comparison allowed us to affirm the good performance of the device and consequently to 

validate it. 
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