
IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

Acoustics of a School Building Made in Wooden
Technology on the Example of Building from the
Second Half of the 19th Century
To cite this article: Artur Nowoświat et al 2021 IOP Conf. Ser.: Mater. Sci. Eng. 1203 032107

 

View the article online for updates and enhancements.

You may also like
Clustering of small watersheds over
annual precipitation data reveals sounding
correspondence to the cluster pattern
determined by annual temperature course
M G Erunova and M G Sadovsky

-

Transport properties of Y1-xNdxCo2
compounds
K Uchima, M Takeda, C Zukeran et al.

-

Effect of glycolide dosage on molecular
weight of poly (lactic-co-glycolic acid)
Xiaoqi Chen, Lu Bai, Jia Tian et al.

-

This content was downloaded from IP address 18.223.172.252 on 05/05/2024 at 10:05

https://doi.org/10.1088/1757-899X/1203/3/032107
https://iopscience.iop.org/article/10.1088/1755-1315/677/3/032107
https://iopscience.iop.org/article/10.1088/1755-1315/677/3/032107
https://iopscience.iop.org/article/10.1088/1755-1315/677/3/032107
https://iopscience.iop.org/article/10.1088/1755-1315/677/3/032107
https://iopscience.iop.org/article/10.1088/1742-6596/400/3/032107
https://iopscience.iop.org/article/10.1088/1742-6596/400/3/032107
https://iopscience.iop.org/article/10.1088/1742-6596/400/3/032107
https://iopscience.iop.org/article/10.1088/1742-6596/400/3/032107
https://iopscience.iop.org/article/10.1088/1755-1315/692/3/032107
https://iopscience.iop.org/article/10.1088/1755-1315/692/3/032107
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssgJja0Fss0oqq0XCJmR9PzpmWgcBXyCp8krQLCoMT4xAecLLSZ4LAGULsFqwmYYqT1k1YQVI_TNWXQPibG1KJ9FLr9YeBJr4YbgnVi9yzHtvBzLa5sS5K7C6NZ4IXXn2yGueOXPNRLg5syHu7SNBAxoa-BruzG_syq-sZb6k5y8gPj-DafW3ICMATPhAe3m4zBRLFy6XKXfYeMyVX3Q7qku2rhah6H7O3N_LUcZ4bC2k5U8_PLlYviXMaAPKGVv5lRCPNbXXjhXHhwtns8gaU-Hq0H5aL9GDW2m_fCeXyc4ZlMwiVqx0Vaa8pjgJwVnHe1vhLysBpfC4WIo-bHRX2_KH-b8g&sig=Cg0ArKJSzCX3WChT7i-_&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

WMCAUS 2021
IOP Conf. Series: Materials Science and Engineering 1203  (2021) 032107

IOP Publishing
doi:10.1088/1757-899X/1203/3/032107

1

Acoustics of a School Building Made in Wooden Technology 
on the Example of Building from the Second Half of the 19th 
Century 

Artur Nowoświat1, Marcelina Olechowska1, Rafał Żuchowski1 
1 Silesian University of Technology, Faculty of Civil Engineering, Akademicka 5, 44-
100 Gliwice, Poland 
 
artur.nowoswiat@polsl.pl 

Abstract. The Władysław Matlakowski School in Zakopane was established in 1877. After the 
war damage, during the Communist rule in Poland the school was rebuilt and renovated. As a 
result, the original character of the classrooms was distorted. Fiberboards used for interior 
finishing changed the acoustic climate of the rooms. The reverberation time of the tested rooms 
considerably exceeds 2 seconds for low frequencies and is below 2 seconds for medium 
frequencies. Thus, the reverberation conditions do not differ from typical school classrooms in 
Poland. The tests of reverberation conditions were supplemented by the measurements of 
acoustic insulation of partitions separating the chool classrooms from each other and from the 
corridor. The studies allow to infer that the noise possibly comes from the corridors or adjacent 
rooms.  

1. Introduction 
Acoustic protection of buildings affects both the comfort of their users and provides conditions for 
effective work [1], [2], [3]. The quality of acoustic protection is dependent on the applied acoustic 
screens [4], [5] and on the acoustic insulation of building partitions [6]. Acoustics is particularly vital 
for rooms having specific functions such as sacral rooms [7] or school classrooms [8]. The parameters 
of classroom acoustic assessment include reverberation time [9], optimal reverberation time and 
assessment indicators [10]. The reverberation time can be calculated with the use of many theoretical 
models [9], with modified residual minimization method [11], or with the use of perturbation methods 
[12]. Apart from reverberation time, the so-called Speech Transmission Index [13], [14] can be applied 
to assess the conditions of verbal sound reception in classrooms. However, according to Bistafa and 
Bradley [15], reverberation time is the most important parameter describing the acoustics of classrooms. 
Therefore, the present article examines the reverberation time of the room and the acoustic insulation of 
building partitions placed in a school building. As a research object we selected a school building, 
opened in 1877 at the time when Poland was under foreign partitions. The building is located in 
Zakopane, Poland. The research attractiveness of the building lies not only in its age and wooden 
construction technology, but also in the fact that it was modernized after the Second World War. Owing 
to the application of wood paneling and fiberboards, the modernization changed the original acoustic 
conditions in the building. 
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2. Methodology 
2.1. Description of the building 
The Wood Carving School was established by the Tatra Society in Zakopane  on July 10, 1876, and it 
was the first vocational school in Podhale. In the school year 1882/83 the school was moved to a newly 
built wooden building, which can be still found by Krupówki Street in Zakopane today. The building 
was designed by an architect from Cracow, Antoni Łuszczkiewicz. In the 1930s an annex was added, 
and the body of the building has hardly changed to this day. Over the years, the school has evolved and 
has been used for different purposes. Currently, it houses the Władysław Matlakowski Memorial 
vocational building construction school complex. The view of the school from the street is shown in 
Figure 1. 

 

 
Figure 1.  The photos show the view of the school from the street. 

 

2.2. Measurement of reverberation time 
The measurements were carried out in the classrooms 2, 3, 4. The volume of the classroom 2 is 183 m3, 
classroom 3 - 180 m3 and classroom 4 - 168 m3. Inside the classrooms, the floor is covered with linoleum 
and the walls are covered with paneling up to 1.5 m high. 
The reverberation time measurements were made using the intermittent noise method. The measuring 
system consisted of the transmitting part and the receiving part. 
The transmission part of the system comprised the following elements: 
- white and pink noise generator with an amplifier, 
- loudspeaker with a spherical radiation characteristic. 
The reception track comprised the following elements: 
- acoustic analyzer, 
- microphones, 
- preamplifier, 
- acoustic calibrator, 
- computer with installed software. 
The tests were performed for two different positions of the sound source. Six microphone settings were 
used for each sound source position, and the measurements were repeated six times. The interior was 
excited with broadband noise shaped in the way to provide an approximately pink steady state 
reverberation spectrum for the range comprising 1/3 octave bands with center frequencies of 50 - 5000 
Hz. The sound source produced a sound pressure level sufficient for the decay curve to start at least 35 
dB above the background noise in the relevant frequency range. Figure 2 presents the view of the rooms 
during the measurement. 
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Figure 2.  View of classrooms 2, 3, 4 during the measurement with an exemplary setting of the 

speaker ball and measurement points. 

2.3. Measurement of acoustic insulation 
 The measurements were carried out with the use of the measuring system described in section 2.2, 
whereof components meet the metrological requirements for the accuracy class 1. The tests of acoustic 
insulation involved the internal partition separating classrooms 2 and 3. To define acoustic parameters 
of the partition, reverberation time in the examined receiving room (classroom 2) was determined. The 
measurements were performed using the intermittent noise method. The tests were performed for six 
microphone positions and two positions of the sound source. To reduce the measurement uncertainty 
caused by statistical deviations, the measurements were always repeated two times. The reverberation 
times were determined for each of the 24 sound decay curves. The final result of the test was in the form 
of arithmetic mean. The view of the classrooms selected for airborne sound insulation tests is presented 
in Figure 3. 
 

 
Figure 3. View of the rooms selected for airborne sound insulation tests. 
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3. Indicators and parameters of acoustic assessment
Let us define the basic concepts for the acoustic assessment of interiors.
Definition 1
Reverberation time (T) –  it is a measure of time required for the acoustic pressure to drop by 60 dB
after the source of sound is switched off.
Definition 2
Speech Transmission Index (STI) - is a measure ranging from 0 and 1, representing the quality of speech
transmission in terms of intelligibility by the speech transmission channel.
Definition 3
Approximate acoustic insulation from airborne sounds - the ability of a building partition to reduce the
penetration of airborne sounds through it.

Assessment in terms of STI index 
In the study, the STI index was determined using the logarithmic approximation described by the 
equation [13]: 

(1) 

where: A = -0.2078, B = 0.6488. 
In the model (1), the reverberation time is the average of the following frequencies: 500, 1000 
and 2000 Hz.  
Assessment in terms of Optimal Reverberation Time 
We can assess the acoustics of classrooms on the basis of the optimal reverberation time Topt
calculated using the formula: 

 (2) 

 where: V is the volume of the room within the range from 30 to 1000 m3. 
Topt should meet the following conditions: 

 for 125 and 4000 Hz bands

 for 250, 500, 1000 and 2000 Hz bands 

4. Results and discussions
The obtained results of reverberation time for the examined classrooms are presented in Figure 4.

Figure 4.  Diagram of reverberation time depending on sound frequency. 
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 Based on Figure 4, we can observe that the school classrooms do not meet the recommended 
reverberation time duration recommended for classrooms in Europe. 

The obtained calculation values of the STI index from the model (1) are presented in Table 1. The 
STI value in classroom 2 is 0.55 and does not meet Polish requirements being at the level of STI = 0.6. 

Table 1. Values of STI indexes. 
STI Obtained values Recommended value 

Classroom 2 0.55 
0.6 Classroom 3 0.60 

Classroom 4 0.59 

 The determined values of the optimal reverberation times calculated using the formula (2) are 
presented in Table 2. 

Table 2. Values of Topt. 
Topt Obtained values Topt   
Classroom 2 0.55 0.36 <T< 0.6 0.44 <T< 0.6 
Classroom 3 0.55 0.36 <T< 0.6 0.44 <T< 0.6 
Classroom 4 0.54   0.35 <T< 0.65   0.43 <T< 0.65 

 It can be observed that the reverberation times T (Fig. 4) do not meet the requirements for optimal 
reverberation times presented in Table 2. The results of the research on the specific acoustic insulation 
of the partition are presented in Figure 5. 

Figure 5. Specific acoustic insulation R determined for the internal partition dividing classrooms 2 
and 3. 
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The determined indexes of approximate acoustic insulation of the tested partition are presented in 
Table 3. 

Table 3. Minimum value of acoustic insulation R'A1 for the wall. 

Type of internal partition 
  Insulation against 

airborne sounds R’w (C, 
CTR) [dB] 

Obtained value of 
index R'A1 [dB] 

Required value of 
index R'A1  [dB] 

Wall between classrooms 
2 and 3 51 (-1, -5) 50 45 

 The approximate specific acoustic insulation of the wall between the classrooms, expressed by the 
index R'A,1 was 50 dB. 

5. Conclusions
The results of the research on reverberation time presented in this paper clearly demonstrate that the
reverberation conditions in the tested classrooms do not meet the minimum requirements for the optimal
reception of verbal sound. It can be assumed that the modernization works of the interior initiated in
1945 and taking place for several decades have had negative impact on the acoustics of the interior. It
should be noted that the subjective impression indicated that the reverberation noise in the school
corridor was very high (due to limited technical capabilities, such studies were not performed). Hence,
the high level of noise reaching the classrooms. However, it should be noted that the tests of the acoustic
insulation of partitions separating the classrooms and separating the corridor from the classrooms
demonstrated very good properties of specific acoustic insulation. This may be related to the fact that
modernization did not comprise the building structure, but only finishing of the interior. Thus, the
insulation performance remained at the level similar to that when the building was put into use and met
the design assumptions.
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