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ABSTRACT

Determination of room mode frequencies and shapes in rectangular rooms can be done 
using calculation methods. Simple calculations cannot be made for non-rectangular rooms 
and the room must be simulated. In this study, the effects of 4 different acoustic designs on 
room modes and room responses were investigated using a fan-shaped room with a volume 
of 85 m³. The absorption coefficients of the acoustic materials used were calculated based on 
the reverberation time values obtained as a result of field measurements. T30, EDT, C80 and 
room response measurements made in the field in accordance with ISO 3382 and ISO 18233 
standards and ANSYS modal Data was obtained as a result of comparing the room modes 
and shapes found with the Finite Element Method (FEM) using the acoustic module. It has 
been found that if the absorption coefficients of the acoustic devices to be used in the room 
are greater than 0.5, the room mode shapes and frequencies in the relevant frequency band 
change, and as a result, the room response becomes smoother. It has been observed that the 
peaks in the room response in a certain frequency band can only be smoothed out with sound-
absorbing materials with an absorption coefficient greater than 0.5 in that frequency band. It 
has been evaluated that the absorbers, which will be effective in the frequency bands left by the 
room modes in the room response, will pull these bottom regions lower.
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INTRODUCTION

The acoustic parameters to be determined in the 
arrangement of room acoustics are related to the room 
volume. Revealing the standing wave shapes of room 
resonances in small rooms determines at what frequency 
we can hear sounds depending on the location in the room. 
The paths of sound waves in the lower frequency region and 

the contribution of the room to the sounds at this frequency 
constitute a situation that needs to be examined. Analyzing 
sounds in the lower frequency region using the normal ray 
tracing method does not give accurate results (Bai, 1992). 
Because in these frequency areas where a diffuse sound 
field does not occur, sounds do not move smoothly and 
linearly (Beaton & Xiang, 2017). It is important to develop 
an acoustic design approach that aims to reach optimum 
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values determined by taking into account the function of 
the room (Tıraş & Akdağ, 2024).

Low frequency room modes can act as a filter and can 
also cause the sound character of the music source to be 
perceived differently (Hikichi & Miyoshi, 2006; Kelle 
& Yılmaz Demirkale, 2022). When sound occurs in the 
frequency regions within the room mode frequency 
and bandwidth, room resonances take effect and create 
standing waves (Kleiner & Tichy, 2014). In small rooms, 
widely spaced modal frequencies in the lower frequency 
regions that are audible to the human ear, can color the 
sound in a noticeable, often undesirable way (Rossing 
& Fletcher, 2004). This coloration can create significant 
acoustic problems in listening rooms, recording rooms, and 
music study classes. Considerable effort has been devoted 
to developing design guidelines and approaches to mitigate 
these impacts (Boner, 1942; Gilford, 1959; Louden, 1971; 
Volkmann, 1942). 

Small rooms with strong modal behavior will not have a 
diffuse sound field. In rooms with volumes between 30-
200 m³, the space and time distribution of sound energy 
will be irregular due to the lack of sound field diffuseness 
(Prato et al., 2016). In lower frequency regions where room 
modes occur at wide intervals, the decay curves of sound 
energy will also vary (Bistafa & Morrissey, 2003). This 
situation creates problems in determining room acoustic 
parameters. While determining the acoustic properties 
of rooms, equations and approaches have been developed 
considering that the sound inside the room creates a diffuse 
sound field (Qu et al., 2023).

In small volumes where a diffuse sound field does not 
occur, it may be useful to determine the available modes by 
using the room response curve (Das & Abel, 2022). Modal 
decay times of these modes can be calculated using quality 
factor and mode frequency data (Kleiner & Tichy, 2014). 
The room response curve refers to the sequence of sound 
signals that are emitted from the pulse sound source in the 
sound field and received at one point. In room response 
measurement, a sine sweep or MLS signal is usually used 
as the emitted signal and is generated by the source. (Lim et 
al., 2016; Wang et al., 2020).

Analytical solutions exist to predict modal frequencies in 
rooms with parallel walls based on solutions of the wave 
equation (Jian et al., 2022). The finite element method 
and the calculation method can be used to determine 
the room sound field, as well as it can be determined by 
field measurements (Čurović et al., 2024). Wave-based 
simulation methods, especially methods that can be 
formulated to work on unstructured networks such as the 
finite element method and the boundary element method, 
can use much more detailed geometric models and thus 
reduce the associated uncertainty (Bai, 1992; Ekmen et 
al., 2021). It seems that the finite element method (FEM) 

is a useful tool for the frequency region below 500 Hz in 
determining the room acoustic parameters. (Jiang et al., 
2011).The use of the finite element method is preferred 
in the solution of complex geometries (Yoshida et al., 
2021). Computer programs are used in the use of the finite 
element method (Mehra et al., 2012; Qu et al., 2023). With 
the ANSYS modal analysis module, the modal shapes and 
levels that will occur in the room can be determined on a 
frequency basis (Svensson, 2020).

Simulation programs are used in studies on room acoustics 
(Zhang et al., 2021; Zhu et al., 2022). While simulation 
programs using the ray tracing method find the volume 
acoustic parameters close to field measurements at 250 Hz 
and above, they deviate from these estimates in the 125 Hz 
and 63 Hz regions (Svensson, 2020). Ray tracing simulations 
use sound energy without taking the phase information of 
sound "rays" in consideration. While this provides good 
approximations, especially at high frequencies where the 
sound field is considered dispersed, it fails in predicting 
low frequency phenomena such as standing waves, phase 
cancellation and diffraction. Commercial FEM software 
such as Ansys is well suited for these calculations (Svensson, 
2020).

It is seen that finite element method (FEM) and simulation 
programs are used to see the impact areas and quantities of 
room modes (Jiang et al., 2011; Yoshida et al., 2021). The 
two most important variables that affect room modes, are 
the character of the sound source and the absorption factor 
(Bistafa & Morrissey, 2003). The critical frequency concept 
introduced by Schroder shows us the limit value of the lower 
frequency region where room modes may cause problems 
(Jian et al., 2022). It is seen that sounds at frequencies 
below this limit value can be heard more strongly by being 
affected by room resonances. While the coefficient of 4000 
was used in the formula published by Schroder in 1954, it 
was replaced with the coefficient of 2000 in 1964. It is stated 
mathematically that the use of the 4000 coefficient is more 
accurate for rooms with high absorbency (Dance & Van 
Buuren, 2013).

The aim of this study is to determine the areas of use in 
smoothing the room response by observing the changes 
in room mode frequencies according to the absorption 
characteristics of the type of the sound absorbing material 
used at the boundaries of the room. The main goal is to 
create an acoustic design guide to obtain an acceptable 
flat room response for the lower frequency region of the 
spectrum using the data obtained from the study.

In this study, the effect of absorbing materials on room modes 
and room response was investigated by using 4 different 
room versions, observing the change of room modes 
according to surface absorbance and the improvements 
in the room response curves that are resulting from this 
change. By determining the sound absorption coefficients 



Megaron, Vol. 20, No. 1, pp. 93–104, March 2025 95

of sound-absorbing materials according to frequency, their 
impact areas on room response and room modes were 
determined according to the degree of absorption. 

In this study, sound dispersive surfaces were not used. The 
theory of diffuse sound field is not valid at frequencies 
below the Schroder frequency (Vorlander, 2013). Since 
sound dispersive surfaces were not used and the scattering 
coefficients of the materials used were less than 0.1 below 
500 Hz, the scattering coefficient was not taken into account. 

EXPERIMENTAL METHOD

In the experiments conducted in a fan-shaped room with an 
area of 30.78 m² and a volume of 86.8 m³, 4 different room 
designs were used. As a result of the field measurements, 
T30, EDT, C80 and room response data were obtained.

In this room, which is planned to be used as a musical 
instrument study class, the data were evaluated 
comparatively as a result of the measurements taken from 
the position of the piano player in accordance with the piano 
position. Modal analysis was carried out using ANSYS 2023 
R1 program for 4 different version room modal analysis. 
The areas of materials and the versions in which they are 
used are shown in Table 1.

The effect of absorber elements on room modes was 
investigated, and mode frequency and shape changes were 
observed. The modal effect created by the curtains, carpets 
and 7 different panels used in the room was evaluated and 
compared with the field measurement results and discussed. 
The methodological steps followed by the research are 
shown in Figure 1.

In the first stage, 4 different room designs were determined. 
For this fan-shaped room, room modes and shapes were 
found using the ANSYS modal acoustic module. Field 
measurements were carried out in the 4 room versions 
shown in Figure 2, and T30, EDT, C80 and room response 
results were obtained. By comparing reverberation time 
measurement results, absorption coefficients of the curtain 
and panels were calculated. At the same time, using the 
formula in the literature for the panels, the frequency with 
the most effective absorption was found. In the discussion 
section, the changes according to panel and curtain use 
on reverberation and room response were evaluated. In 
the conclusion section, the data obtained as a result of the 
discussion are presented.

Field Measurements
Measurements were carried out in accordance with the 
ISO 3382-2 standard to determine the current acoustic 
conditions of the instrument working class. 2 source and 3 
receiver points were selected (Figure 3), the source positions 
were positioned 150 cm above the ground, and the receiver 
points were positioned 120 cm above the ground (TS EN 
ISO 3382-2, 2008).

A studio speaker, Behringer ECM 8000 measurement 
microphone, microphone tripod, Arta software and 
microphone calibrator were used in the measurements. 
Among the ISO 3382 acoustic parameters, T30, EDT and 
C80, room response measurement was made for point 

Table 1. Use and area of absorbent materials

  Area (m²) V1* V2* V3* V4*

Curtain 15.5  ✓  ✓
7 Panel 9.1   ✓ ✓
Carpet 29.5 ✓ ✓ ✓ ✓
Bulk curtain 3.5 ✓  ✓

*V1(Curtain bulk), V2(Curtain), V3 (7 panels), V4 (7 panels + curtain).

Figure 1. Method steps followed.
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A1 in accordance with the TS EN ISO 18233-SS standard 
(TSE EN ISO 18233, 2010). The microphone positions 
and distance between the microphones were determined 

to be 1.2 meters using the formula for the closest distance 
between two microphones in ISO 3382. Sweep signal was 
used in room response measurements. Sweep signal has 
been shown to provide more accurate results in room 
response measurement.(Lim et al., 2016; Prato et al., 2016).

ISO 3382 Acoustic Parameters (T30, EDT and C80)
As a result of the measurement, reverberation time values 
were obtained. When we look at the T 30 values for the 4 
different versions, we see that the reverberation time values 
decrease with the use of absorber elements. While there was 
no difference in the 4 versions in the 63 Hz region, it was 
determined that the biggest change was in the 250 Hz center 
octave frequency band (Figure 4, Table 2). A similar result is 

Figure 2. 4 different room designs and photos.

Figure 3. Measurement plan.

Table 2. Reverberation time of V1, V2, V3, V4 versions

Frequency (Hz) 63 125 250 500 1000 2000 4000
V1 T30 1.48 1.31 1.08 0.76 0.58 0.60 0.60
V2 T30 1.52 1.19 0.83 0.57 0.45 0.43 0.37
V3 T30 1.48 1.08 0.54 0.42 0.36 0.38 0.39
V4 T30 1.52 0.99 0.52 0.35 0.29 0.31 0.35
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seen in the EDT data. While there is no change in the 63 Hz 
central octave frequency, the rate of change is high in the 250 
Hz region (Figure 5). The difference in EDT data compared 
to T 30 data is that the effect of using curtain between V1 and 
V2 is limited to the 250 Hz band. It was determined that the 
0.25 second decrease seen in the T30 chart for 250 Hz was 
0.03 seconds for the EDT parameter (Table 3).

When we look at the C80 data, it is seen that it generally 
increases according to frequency for each version. In the 
V1 version, it showed a decrease in the 125 Hz region after 
63 Hz, and increased continuously at 250 Hz and above. A 
similar situation occurred in V2 and V3. In the V4 version, as 
the frequency increased, C 80 values also increased. It is seen 
that C 80 values increase as we move from V1 to V4 for every 
frequency region except 63 Hz (Figure 6). It was determined 

that the increase in C 80 values was higher in the V3 and V4 
versions where panel was used. It was calculated using equation 
4 that the absorption coefficients of the panels would reach 
their highest value at 345 Hz. When we look at the change in 
C80 values, we see that the highest standard deviation value in 
the transition from V1 to V3 is at the 250 Hz frequency (Figure 
7). It was determined that the effect of the panels on C80, still 
continued in the 500 and 1000 Hz regions, but decreased at 
2000 and 4000 Hz. It was found that the effectiveness of the 
panels using wood with 23% perforation in front of the 10 cm 
sponge, was close to the calculations.

Panel and Curtain Absorption
The absorption coefficients of the panels with perforated 
fronts and thick fabric curtains which are used in the 
scenarios created in the room, were determined using the 
reverberation time measurement results in accordance with 
the ISO 3382-2 standard. The difference between V1 and V2 
room arrangements is the use of curtains. The absorption 
coefficients of the curtain were found from the difference in 
reverberation time between the two versions.

RT1 =
 

0,16.V
A

     (1)

RT2= 
0,16.V
A + a.S

     (2)

Figure 4. Reverberation time of V1, V2, V3, V4 versions.

Figure 5. V1, V2, V3, V4 versions EDT.

Figure 6. C80 measurement results.

Figure 7. C80 standard deviation values.

Table 3. V1, V2, V3, V4 versions EDT

Frequency (Hz) 63 125 250 500 1000 2000 4000
V1 EDT 1.52 0.84 0.83 0.72 0.57 0.55 0.53
V2 EDT 1.51 0.71 0.80 0.61 0.42 0.39 0.35
V3 EDT 1.50 0.70 0.47 0.48 0.35 0.35 0.35
V4 EDT 1.48 0.63 0.35 0.40 0.30 0.29 0.28
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In Equation 1, the Sabin reverberation time formula is 
defined for V1. In Equation 2, the value of S is calculated 
by subtracting the total area of the curtain in bulk position 
from the total area of the curtain in open position. 15.5 m² 
curtain area is available in the V2 version. In the V1 version, 
the total area of the curtain is 3.5 m². In Equation 2, the area S 
is taken as 12 m². When the absorption coefficient was drawn 
from these two equations, the formula shown in Equation 
3 was obtained. RT1 and RT2 values, obtained from field 
measurements were used in Equation 3 to find the absorption 
coefficients of the curtain according to frequencies.

a = 
RT1.A
RT2.S

A
S

    (3)

Here

RT1: V1 reverberation time

RT2: V2 reverberation time

A: V1 sabin area

S: Curtain or panel area

V: Room volume

a: Absorption coefficient

Panel sound absorption coefficients were determined in the 
same way using Equation 3. The difference between V1 and 
V3 room arrangements is the use of 7 panels. The sound 
absorption coefficients of the panel were found by using 
the RT1 and RT3 field measurement results in Equation 3 
(Figure 8).

It is seen that the panel sound absorption coefficients 
exceed 1 in the frequency regions of 250 Hz and above. It is 
thought that there is an edge effect in the formation of this 
situation.(Sauro et al., 2009)

Panel Absorbency Calculation and Measurement
The critical frequency value at which the absorption efficiency 
of a 10 cm thick sponge with a perforated panel in front begins 
to decrease, is found using Equation 4. (Egan, 2007),

fc = 40P
D

      (4)

where Fc is the critical frequency (Hz), P perforation 
percentage (%) and D hole diameter (inch). There are a total 
of 80 holes on the panels with a hole diameter of 7 cm. Panel 
dimensions are 103-126 cm (Figure 9). Total hole area is 
3077 cm². Total panel area is 12978 cm². The perforation 
rate was found to be 23.7% and critical frequency was 
calculated as 345 Hz.

Room Response and Modal Decay Time
The room response is as shown in Figure 10 for 4 different 
versions. In all versions the floor is carpeted. In the V1 
design, no sound-absorbing materials were used on the 
room walls and glass. In the V2 design, there is a thick 
curtain on the glass and door section. In the V3 design, 
there are a total of 7 panels on the walls. In the V4 design, 7 
panels and curtains on the door and window section were 
used. It can be seen that a dip occurs at the frequency of 
97.3 Hz in all four designs. At the frequency of 97.3 Hz, the 
sound level in V3 and V4 designs is 7 dB lower than in V1 
and V2 designs. The use of 7 panels caused the dip region 

Figure 9. 10 cm sponge front wooden perforated panel.

Figure 10. Room response.Figure 8. Curtain and panel sound absorption coefficients.
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at the frequency of 97.3 Hz to shift 7 dB lower. It has been 
observed that the use of curtains alone does not create a 
change in the room response up to 300 Hz. In the V1 and 
V2 versions, there is a change depending on the curtain 
usage situation.

Q values occurring at the frequency points where the room 
response curves peak are a criterion used to evaluate the 
perception of resonances. Q value was calculated using the 
formula given in Equation 5 (Everest, 2001), where Q is the 
quality factor, Δf is band width, F_c is mode frequency. It is 
obtained by dividing the peak frequency by the frequency 
range that is 3 dB below from the right and left. Q values 
calculated at the peak frequencies of the room response 
curves are given in Figure 10.

Q = Fc

Δf
      (5)

For the V1 version, peak formations that could create 
a 3 dB difference on the right and left were detected for 
8 frequencies. Peak occurrence was determined for 7 
frequencies in V2 and 5 in V3 and V4. When V1 and V2 
are compared, it is seen that the resonance frequencies are 
the same, but the peak at 455 Hz for V1 shifts to 445 Hz 
for V2. It was also observed that the peak at 205 Hz in the 
V1 version did not occur in V2. A peak occurred at 205 
Hz only in the V1 version. The peak occurred at 85.7 Hz 
in V1 and V2 versions, and at 80 Hz in V3 and V4. Similar 
shifts occurred at frequencies of 179 Hz, 257 Hz and 454 
Hz. It was observed that the 304 Hz and 368 Hz peaks that 
occurred in the V1 and V2 versions did not occur in V3 and 
V4. It is seen that the peaks disappear at these frequencies 
where panel absorbance is high.

At a frequency of 85.7 Hz, the Q value for V1 was 3.06, 
while it was 5.95 for V2. It has been observed that the use 
of curtains increases the Q value of the room mode at this 
frequency. The Q value of this peak, which occurred at 80 
Hz between V3 and V4, increased from 2.94 to 3.5. It can 
be said that there is a similar effect, although less than the 
change between V1 and V2. Although there were minor 
changes in other peak frequencies between V1 and V2, no 
significant difference was observed. It is seen that in the V3 
and V4 versions, the Q values decrease at the frequencies of 
179 Hz, 241 Hz and 440 Hz compared to V1 and V2. It is 
seen that the peaks disappear at frequencies of 304 and 368 
Hz. As a result of the calculations, it is predicted that the 
panel absorption coefficient will reach its maximum value 
at 345 Hz, and Q values also support this prediction. Both 
the shift and the decrease in the Q value at these frequencies 
compared to V1 and V2 occur as a result of the increase in 
panel absorbance. The absence of peaks at 304 and 368 Hz 
indicates that the panel is effective in the frequency region 
where its absorbance is highest (Figure 11).

Using Equation 6, the reverberation time value of the mode 
frequency is calculated. The reverberation time value of the 
mode frequency is found by multiplying the quality factor 
Q value by 2.2 and dividing the result by the peak frequency. 
In Figure 12, Tmodal values calculated using the Q values.

Tmodal = 
2.2xQ

fc

     (6)

It can be seen in Figure 12 that, the reverberation time 
values of the mode frequencies seen in the room response, 
form a graph similar to the Q values. Tmodal is calculated 
using the Q value and as a result, it creates a functional 
graph depending on the Q value.

ANSYS Simulation Results
As a result of the simulations made with the ANSYS modal 
acoustic module, room modes in 4 different versions were 
examined. The degree to which room modes are affected by 
absorptive acoustic devices has been investigated. Despite 
its importance in structural dynamics and vibration, 
modal analysis is rarely performed in acoustics due to the 
high modal density of sound fields. Modal analysis results 
become important due to the low diffuse sound field in 
small volumes. There are differences in room mode shapes 
and frequencies when the surfaces are hard and reflective 

Figure 11. Q values of resonance frequencies.

Figure 12. Tmodal values of resonance frequencies.
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or when they are absorbing (Dowell et al., 1977; Meissner, 
2008). As the absorption coefficient increases, the change 
in mode shapes also increases (Dowell et al., 1977). By 
changing the absorbance coefficient values of the curtain 
on the door and window and the carpet on the floor of the 
room where the study was carried out, it was observed how 
the modal frequencies and shapes changed. The changes in 
room mode shapes and frequencies were found by giving 
the absorbance coefficient values as 0, 0.2, 0.5 and 0.9, 
respectively. ANSYS Modal Acoustic module was used 
in simulation studies. Figure 13 shows the room modes 
in the first column, where there are hard walls and the 
absorption coefficient is 0. Column 2 shows the case where 
the absorbency of curtains and carpets is 0.2, column 3 
shows the case where the absorbency is 0.5, and column 
4 shows the case where the absorbency is 0.9. The first 3 
axial modes of the x and y dimensions and the first axial 
mode of the z dimension are shown in Figure 13. When 
we look at the Figure 13, we see that there is no significant 
change between the situation where there is no absorbance 
and when it is at a value of 0.2. There was no deviation in 
the frequency values and the mode shapes did not change. 
It was found that when the 0.5 absorption coefficient in the 
3rd column was used, the mode shapes did not change and 
the frequency values shifted less than 0.5 Hz. According 
to the data in the first 3 columns, it is seen that the room 
mode shapes do not change if the absorbance values of the 
surfaces are low. It can be said that when the absorption 
coefficient is 0.5, frequency deviations begin, but no change 
in mode shapes is observed.

In the last column, it was found that both mode shapes and 
frequency values changed when the absorption coefficient 
was 0.9. When the 4 columns are examined together, it is 
seen that the change capacity of the room modes increases 
as a result of the increase in the absorption coefficient. If the 
absorption coefficients of the absorber elements are high in 
the frequency band where the room modes are effective, it 
will be possible to change the frequency and shape of the 
room modes. It is seen that surfaces with low absorption 
coefficient do not affect room modes.

As a result of this simulation study, it is revealed that room 
modes can change as a result of high absorbance values. 
When 4 different room versions were examined, in cases 
V1 and V2, the situation in which the empty room was with 
or without curtains was examined. It is seen that in the case 
without curtains, only the absorbing areas originating from 
the carpet and the gathered curtains are formed, but their 
absorption coefficients are low for the frequency region 
below the Schroder frequency. For this reason, it can be 
seen in room response measurements that the effect of 
using curtains on room modes and room response occurs 
starting from 300 Hz. It is seen that the room response does 
not change in the V1 and V2 versions up to 300 Hz, but 
changes begin from 300 Hz onwards.

When the absorbance values found from area measurements 
where the panel and curtain were used for the region below 
the Schroder frequency, it was observed that there was no 
change in the simulation results compared to the solid wall. 
Since the absorptivity values are very low in this frequency 
band, there is no change in room mode shapes and 
frequencies for the region below the Schroder frequency. 
However, it is observed that there is a change in the room 
response and room mode shapes, especially since the panel 
absorption coefficients exceed 1 in the 250 Hz region.

Figure 13. ANSYS modal analysis axial mode shapes and 
frequencies.
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DISCUSSION

As a result of this study conducted on a non-rectangular 
room example, ISO 3382 parametric values, room response, 
room mode frequencies and shapes were found as a result 
of field measurement and simulation applications. These 
values for 4 different room versions were examined and 
compared. Changes resulting from the use of sound-
absorbing materials have been observed (Table 4).

Curtain Effect
In the V1 version, it was used as a curtain roller and a carpet 
absorber on the floor. In the V2 version, the curtain is drawn 
across the glass and door. When moving from V1 to V2, the 
expectation is that the reverberation time in the middle and 
upper frequency regions will shorten due to absorption. A 
23% decrease was observed starting from the 250 Hz region. 
In the 4000 Hz region, the reverberation time decreased by 
37.8% (Figure 14). As seen in the first row of Table 4, it has 
been observed that absorption is effective starting from 
the 250 Hz region. By comparing V1 and V2, absorption 
coefficient was found to be 0.39 in the 250 Hz region and 
0.55 in the 500 Hz region. Figure 13 shows that there may 
be minor changes in room modes with this absorbance 
value. Absorptivity around 0.5 may cause minor changes in 
room mode shapes and frequencies. When we compare V1 
and V2 in the room response curve, we see that there are 
decreases in sound level in some frequency regions starting 
from 280 Hz. It is seen that sound levels decrease and 
room response changes, depending on the use of curtains 

between 300-334 Hz, 392-426 Hz, 495-567 Hz, and 631-771 
Hz. Absorption coefficient was found to be 0.55 in the 500 
Hz center octave frequency region. In the room response, 
there was a downward change in sound level in 3 ranges in 
this frequency region.

The difference between V1 and V2 and V3 and V4 due to 
absorption begins to appear starting from 300 Hz. When we 
compare V3 and V4, there is a decrease in sound levels due 
to the use of curtains between 300-338 Hz, 388-422 Hz, 474-
561 Hz and 770-1100 Hz. In addition, it was observed that in 
the V3 version, where only panels were used, a dip zone was 
formed in 3 different frequency regions compared to V4. V3 
was found to be at a lower sound level than V4 between 221-
231 Hz, 353-364 Hz and 680-724 Hz. While such a situation 
does not appear between V1 and V2, the reason why it 
occurs between V3 and V4 may be that there are changes in 
room modes due to the use of panels in this region and the 
use of curtains affects the room modes in these 3 frequency 
regions. It is thought that a thick velvet curtain reduces sound 
diffusion by increasing absorption on one side. It is seen that 
reverberation times decrease by 24% in the mid-frequency 
region between V1 and V2, and decrease by 23% in V4 and 
V3. It was found that the change between V1 and V2 was 
similar to the change between V3 and V4.

Panel Effect
Curtain bulk is added in V1 and V3 versions, and 7 panels 
are added in V3. As a result of examining the reverberation 
time, room response and room modes together, it was 
seen that the panels reduced the reverberation time in the 
mid-frequency region by 42% (Figure 15). In Section 2.3, 
the frequency range in which the panels are effective was 
calculated and the frequency with the highest absorbency 
was found to be 345 Hz. When we look at the reverberation 
time changes, it was found that the highest changes were 
in the 250 Hz and 500 Hz regions. It was observed that the 
panel absorbance calculated based on the reverberation 
times had the highest absorption coefficient among the 

Figure 14. Reverberation time change percentage with 
curtain effect.

Figure 15. Percentage change of reverberation time with 
panel effect.

Table 4. Reverberation time changes according to versions

Frequency (Hz) 63 125 250 500 1000 2000 4000
V1-V2/V1 -2.63 9.26 22.99 24.49 23.56 27.73 37.82
V3-V4/V3 -2.81 8.85 3.37 16.16 20.34 18.05 12.14
V1-V3/V1 0.02 17.46 50.18 45.22 37.93 36.03 34.72
V2-V4/V2 -0.15 17.09 37.49 39.18 35.31 27.46 7.75
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frequency regions with a value of 1.47 in the 500 Hz region.

Panel use lowered the dip point at 97.3 Hz in the room response 
curve by 7 dB. The same situation occurred for V3 and V4 at 
97.3 Hz. As seen in Table 5, after the 95 Hz oblique mode and 
the 95.1 Hz tangential mode, 102.6 Hz tangential mode comes. 
It has been observed that the 7.6 Hz gap in between causes 
the room response to bottom out at 97.2 Hz. It was found that 
the sound level was 7 dB lower at the frequency of 97.2 Hz 
in V3 and V4 compared to V1 and V2. It is thought that the 
reason for this may be that the perforated wooden plate on the 
front faces of the 7 panels used, has a vibrating plate feature 
resulting from its own vibration frequency and increases the 
sound absorption of this frequency. It can be seen in the room 
response curve that similar situations occur at frequencies of 
226 Hz and 356 Hz in panel use.

When we look at the change in the frequencies and shapes 
of the room modes with the absorption coefficients 
presented in Section 2.5, it is seen that the mode shapes and 
frequencies change when the sound absorption coefficients 
are greater than 0.5. Since the panel absorption coefficients 
found from both calculation and reverberation time 
measurement results in Section 2.3 took larger values in the 

250 Hz and 500 Hz regions, the peaks in the room response 
that appeared at 304 Hz and 368 Hz frequencies compared 
to the case without a panel disappeared. The simulation 
results for modal analysis and the changes in the room 
response confirm each other. In the frequency regions 
where the sound absorption coefficient increased, the 
peaks formed by the influence of room modes disappeared 
at 304 Hz and 368 Hz, and the Q values of the peaks at 
179 Hz, 241 Hz and 440 Hz also decreased. We can see 
the panel absorbance effect in the reverberation time, C80, 
room response measurement results, Q value and Tmodal 
calculations for the relevant frequency regions.

CONCLUSION

In this study, which aims at the modal analysis of non-
rectangular rooms, reverberation time, clarity and room 
response measurements were made and compared with the 
modal acoustic simulation data of the room. Room response 
is used to determine room modes through measurement. By 
looking at the room response, the effect of room modes at the 
measurement point can be observed. One of the features that 
can affect room response is the sound absorption properties 
of the surfaces. Although it is known that room modes 
change with surface absorbance, studies on how the change 
will occur according to the absorption coefficient remain 
limited. As a result of the simulations carried out in this study, 
it was observed that as the sound absorption coefficients of 
the materials to be used on the surfaces increase, they can 
change the shapes and frequencies of the room modes in 
the frequency bands in which they are effective. It has been 
determined that this change begins when the absorption 
coefficient is greater than 0.5.

It was evaluated how accurately the empirical formulas 
produced to calculate the absorption effects of the acoustic 
devices to be used in the room according to frequency 
determined the impact area. It has been observed that the 
measurements and calculations confirmed each other. This 
experimental study, using variable absorbers, was designed 
for 4 different versions of the room. In the experiment 
designed with curtains in use in V1, curtains open in V2, 
7 panels in use and curtains not in use in V3, and curtains 
and 7 panels in use in V4; the reverberation time of the 
curtains and panels, C80, room response and Q of the peaks 
were determined. Its impact on the values was investigated. 
According to the hypotheses generated at the beginning 
of the study, the panels will have the highest absorbance 
value at the 345 Hz frequency, and the absorbance values 
will decrease to the right and left of this frequency. It was 
hypothesized that the effect of curtain absorbance would 
also occur in the medium and high frequency regions. It is 
thought that as the absorbance values increase, the change 
of room modes will increase and the room response will 
become smoother and the peaks will decrease.

Table 5. Room mode frequencies and mode ranges

Mode Frequency (Hz) (x,y,z) mode Difference (Hz)

29.9 1,0,0 
30.8 0,1,0 0.9
44.3 1,1,0 13.5
59.1 2,0,0 14.8
60.4 0,2,0 1.3
61.6 0,0,1 1,2
67.8 2,1,0 6.2
68.5 1,0,1 0.7
68.9 0,1,1 0.4
72.3 1,2,0 3,4
75.9 1,1,1 3.6
85.3 2,0,1 9.6
86.2 2,2,0 0.9
86.3 2,0,1 0.1
88.2 0,3,0 1.9
90.8 3,0,0 2.6
91.6 2,1,1 0.8
95  1,2,1  3,4
95.1 3,1,0 0.1
102.6 1,3,0 7.5
106  2,2,1 3,4
107.6 0,3,1 1.6
109.1 3,2,0 1.5
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As a result of field measurements, simulations and calculations, 
it was observed that the room modes changed with the 
absorbance and the room response became smoother. It has 
been determined that these changes occur in frequency bands 
where absorbing materials are more effective, and that the 
room response does not change in frequency bands where 
sound absorption coefficients are less than 0.5. It was found 
that the panels used in the V3 and V4 versions maximized 
their effectiveness around 345 Hz, as calculated, and as a result, 
they created changes in both room response and reverberation 
time and clarity parameters in the 250 Hz and 500 Hz regions. 
These panels contributed to the smoothing of the room 
response by eliminating the 304 and 368 Hz peak regions in 
the room response and reducing the Q values of the peaks at 
179 Hz, 241 Hz and 440 Hz frequencies.

As a result of this study, it was found that the desired 
changes in room response and room acoustic parameters 
can occur as a result of the use of acoustic materials with 
correctly calculated absorbance depending on frequency. 
As a method, below steps in order were determined:

1. determining the room modes by simulation

2. obtaining reverberation time, clarity and room response 
curves by making field measurements

3. determining the absorption coefficients, layout and 
design of the acoustic absorption materials

4. manufacturing and assembling the acoustic absorption 
materials

5. making the measurements after the application of the 
absorbers and analyzing them comparatively with the 
first measurements.

Among the limitations of the research the fact should be 
expressed that the absorption properties of sound absorbing 
materials may vary depending on the usage patterns, room 
characteristics and design goals. Generalizations can be 
made in room acoustic design by taking into account the 
differences in these variables.

Based on this research, it is recommended for future 
research to discover materials with higher absorption 
capacities and test them in different room sizes and shapes.
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