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ABSTRACT

The main standards used to determine the sound absorption
coefficient (o) of materials in the reverberation room are ISO
354 and ASTM C- 423. Really there is a difference between
the two standards. The materials with the highest sound
absorption determined by ASTM C423 standards (omwm)
increases more than that determined by ISO 354 standards
(ous) and decreases as the ability of the material decrease to
absorb sound, as in the case of wood. The number of source
locations has no effect on the sound absorption of materials.
To reduce the difference between ISO (ous) and ASTM (o)
methods for sound absorption measurements, a new idea of a
sample area was proposed with 9.36m? and only two
locations for sample placement in the reverberation room.
The sound absorption coefficient (ana) Of (9.36m?)
approximates the findings of the sound absorption coefficient
in highly absorbent materials with 1SO standards method,
and vice versa for low absorption materials, when the sound
absorption  coefficient results converge with ASTM
standards. For all situations of source locations (2, 3, 4), the
sound absorption average (SAA) established by ASTM
standards is greater than that determined by 1SO standards
for high sound-absorbing materials (rockwool (k),
polyurethane sponge (s)), and vice versa for weakly
absorbing materials (wood (w)). In the reverberation room,
the relative standard deviation ranged from 0.01 to 0.04.

Key words : reverberation room, sample placement, sound
absorption, sample area, 1SO 354 and ASTM C- 423

1. INTRODUCTION

To investigate the influence of different settings of a
reverberation room on the standard deviation of the
reverberation time, measurements are performed, compared
to the theoretical standard deviation. The diffusion in
reverberation chambers needs to be clarified to reduce
differences between laboratories. Although there are
practical ways to accomplish this, it is critical to note that the
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ISO 354 standard has specification points regarding sound
field quality diffusion. noted that one option is to use the
standard deviation of reverberation time in conjunction with
the number of microphone and sound source positions in the
reverberation chamber for distinct groups [1]. The sound
field inside the reverberation room must have a high degree
of propagation in order to be achieved Accurate measurement
of different sound quantities. Usually, the diffusers are either
suspended or movable, and panels are installed in the
chamber in an attempt to achieve this diffusion [2]. The last
suggestion to review ISO R354 recommends the use of
diffusers when The decaying sound field is insufficiently
diffuse, without exactly explaining the meaning of this
assertion or the differences between the use and non-use of
posting devices in Absorption measurements on materials of
different types [3]. The synthesized diffuse sound field can be
used to measure a tiny region of a specimen in the laboratory
[4]. knowing the difference between the two measurement
methods in 1ISO and ASTM in order to describe and clarify
the difference between them by measuring the different
ceiling tiles. And the absorption coefficient data for the two
methods are identical for a and os. But there is a clear
difference between aw and SAA [5]. Insufficient diffusion of
sound in the reverberation room is

the main reason for the difference in the results of acoustic
measurements with frequency in the reverberation chamber.
This is because the current approaches under 1ISO and ASTM
standards produce erroneous findings. The best correlation
was found in the low-frequency region when the placements
of the diffusers changed [6]. The difference between
rectangular and spherical diffusers as well as the two together
and their effect according to the measurement procedures
mentioned in ISO 354 and also calculate the total equivalent
absorption area from the Sabine equation in a reverberation
room of 243 m2 as well as calculating the diffuse field factor
{7]. there are many reasons for the difference in the results of
sound absorption performance between the laboratories and
also the studies showed that the size and shape of the
reverberation chamber, the type and area of the test sample,
the effect of the edge, and the placement of the sample are the
main factors affecting the results [8]. there are differences in
the inter-laboratory of measurements in the reverberation
chamber according to Standard 354. The differences are
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greater than acceptable. The main factors affecting the
results include the shape of the room, the position of the
diffusers in the reverberation room, as well as the area of the
sample to be measured [9].

the comparisons between 1SO and ASTM standards
regarding the factors required to know the ability of the
material to absorb and the extent of the need for all existing
calculations and curves required in them [10]. the basic and
main lines of the supposed modification of the iso 354
standard, the main change is the use of a reference sorbent to
improve the values of the reproducibility standard deviation
[11]. experiments using fiberglass plates of different sizes and
shapes in order to try to correlate the measurements of the
absorption coefficient of the material according to the
specifications of ASTM-C423, 1SO-354, and 1SO-17497-1
standards. But note that there is a discrepancy in the results of
the measurements for the absorption coefficient of the
material between the three standards. A fixed area of 8.22 m?
with changes in shape and volume was studied, as well as a
constant perimeter of 10.17 m, and a change in shape and
volume [12].

2. EXPERIMENTAL

2.1 Reverberation Room Method

Measurements were conducted in the reverberation chamber
at NIS. The reverberation room of total size of 160m* and a
total surface area of 178m?% a non-parallel surfaces, and
non-equalized dimensions, with a height, ranging from
4.18m to 4.27m with a room floor of length dimensions
ranging from 6.10 to 6.3m and width ranged from 5.8 to 6m.
The reverberant room follows the standard 1SO 354 and
ASTM C423. The standard also recommends that the
reverberation room should be contained diffusers, which
should be randomly oriented and positioned throughout the
chamber. Thus, to meet those criteria, the diffuseness of the
reverberation chamber was increased using 10 diffusers. The
hanging diffusers used in this research are metal panels with
different areas ranging from 1.8m? to 2.08 m? The diffusers
hung at varying heights from the room floor.

2.2 Instrumentation and Measurement Setup

The reverberation time from 125Hz to 6300Hz of the room
with an acoustic diffuser was measured according to standard
ISO 354:2003 [13] and ASTM C423 [14]. Measurements
were carried out using sound source type 4296 B&K,
precession sound level meter type 2260B&K with software
7204, and power amplifier of type B&K 2716. Instruments
adjusted before starting measurements using sound level
calibrator type B&K 4231. According to ISO 354
requirements, the sound source height from the room floor
1.5m, Five microphone positions in the room with a
minimum distance from room walls 1m, the spacing between
any two microphone positions 1.8m, and source microphone
distance 1.8m. The sample location is spaced far from walls
by 0.8m, and sound source spacing 2m. A sound source
emitted a white noise signal was used to create diffuse field

conditions in the room. Each specimen was sited on the room
floor. Its perimeter was sealed with wood framing. Ten sound
decay rates were measured in the empty room and in the
presence of the specimen. The empty reverberation times T1
and T samples were deduced from these decay rates and used
to calculate the sound absorption coefficient in the
third-octave frequency bands following equation (1).

With the qualification of the reverberation room, Averaging
Reverberation time Tg measurements of the empty
reverberation room without diffusers were carried out when
using four locations for sound source at four room corners and
when the room contained the diffusers the Reverberation time
represented by (T4, T,, Tz and T,).

3. 1SO 354 AND ASTM C423 COMPARED WITH
THE PROPOSED AREA (NA) XPERIMENTAL

Measurements conducted in the reverberation room, for four
source locations at the room corners, was accompanied by 5
microphone positions for each source location to measure the
reverberation time. The distance between sample locations
and room walls was not lower than 0.8m.

General procedures in the reverberation room for the tested
materials; samples inserted with a wooden frame of height
6cm with 2.5cm thickness, for a number of needed sound
sources with a proposed area compared with 1ISO and ASTM
areas, this article recorded calculated and experimental
results on the estimation of the sound absorption coefficient of
three different materials in a diffuse acoustic field excitation
in a reverberation room.

ISO 354 stated the area; 12m? (3*4) represented by (oys), with
one location for the sample nearer to the center of the room
ASTM C423 stated the area; 6.24m? (2.6*2.4) represented by
(orrm), with three locations (1,2&3) for samples with samples
position overlaps by 26 and 26.5%.

New Proposed area (NA); 9.36m? (2.6*3.6) represented by
(ona) With two locations (Y& Z) for sample, with samples
position overlapping 23 %.

4. ABSORPTION CALCULATION AND
REPEATABILITY

Three materials were taken considered in this work:
rockwool(k), polyurethane sponge(S), and wood (w).

Table 1: Materials specifications

Material Area|Thicknes| Density |  Air-Permability
m’ | s(m) | kg/m® cm¥em?.s
polyuretnane | 13| 0054 | 12035 &
sponge | 115 0.047 | 195 148
10.5| 0.016 | 582 0.0
Wood
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4.1 Sound Absorption Coefficient Calculation

Using sabine formula (1), with Figure 1, which represents the
reverberation time (T) values obtained by the various
procedures described above, and the variation in the
reverberation time (T) of the reverberation room when empty

Using reverberation times T1 and T2
1

Ap = A, — A, = 55.37 [ﬁ—ﬁ] —4V(m.—m,) (1)
for constant temperature t, cl=c2=c so,
C =(331+0.6 t) m/s
Where c; speed of sound at constant temperature t
T1:reverberation time of the room without
sample
T2:reverberation time of the room with

sample

Power attenuation coefficient m1 and m2, can be calculated
from the attenuation coefficient

a= -]

A=as = a1S1 + aS)y

)

3)

aE— alslay
-

Pl 5

Where: a, total absorption coefficient o, total absorption
coefficient of the room surfaces and material inside the
rooms, A, total surface area of the room surfaces and material
inside the room, S1, is the surface area of the room, al, the
absorption coefficient of the room surfaces, and S2, the area of
the absorbent material and o2, the absorption coefficient of
the material.

4.2 Repeatability of reverberation time

The relative standard deviation of the reverberation time T20,
can be estimated by the following formula:
B(Tag) _ [Z42+3.59 /N

T W BT

(4)

&(T20), is the standard deviation of the reverberation time, T:
is the reverberation time measured, f; is the centre frequency
of the one-third-octave band, N; is the number of decay curves
evaluated and &(T20)/T; is the relative standard deviation.

5.RESULTS AND DISCUSSIONS

5.1 Effect of the Number of Source Locations on The
Reverberation Time

The reverberation time of reverberation room without (Tref)
and with diffusers for four sound source locations (T2,T3 and
T4) were measured. Figure 1, illustrates four curves,
including the highest curve, to represent the average
reverberation time of the reverberation chamber without
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diffusers with using four positions for sound source. The
following three curves are combined into a single curve
object, which depicts the reverberation time of an empty
room without samples in the presence of diffusers for four
sound source positions. The reverberation time of the room
with diffusers for the four positions of the sound source was
shown on the curve, suggesting that the diffusers were
distributed evenly across the space.

5.2 Effect of Source Locations on The SAA of 1SO 354
and ASTM C- 423

The sound absorption average (SAA) according to the ASTM
method is calculated by averaging the sound absorption
coefficient from 200Hz to 2500Hz on 12 third-octave bands.
The difference in SAA between the 1SO (12m?) samples and
the ASTM (6.24m?) appears in table 2. It discusses the
averaging sound absorption for Rockwool (k), polyurethane
sponge (S), and wood (w). The difference in SAA between
the 1SO (12m?) samples and the ASTM (6.24m?) appears in
table 2. It discusses the SAA difference between the two
measurement standards for Rockwool (k), polyurethane
sponge (S), and wood (w). The SAA values were tabulated in
table 2. The SAA was calculated as averaging of sound
absorption coefficient from 200Hz to 2500Hz. The contains
date discusses that the values of SAA (TM) are greater than
SAA (1S) for all cases of source positions (2, 3 and 4) for high
sound-absorbing materials (Rockwool, polyurethane sponge)
and vice versa for weakly absorbing materials (wood). Table
2, contained a comparison for SAA calculations for using 2,3
and 4 locations of sound sources for 1SO as; SAA(IS)2,
SAA(IS)3, SAA(IS)4 and for ASTM as; SAA(TM)2,
SAA(TM)3, SAA(TM)4 for tested three materials.
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6 NS
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©
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Figure 1: Reverberation time of the reverberation room with a
number of a sources

Table 2: The obtained SAA by ASTM and ISO standards

Vat] SAA | SAA T SAA T SAA [ SAA T SAA

T aM2 | (19)2 | (TM)3 | (19)3 | (TM)4 | (19)4

K| 09 | 087 0.9 0.87 8-2% gg;

s | 068 | .63 067 | 062 | (ou | cos
w | 008 | 01 008 | 0.09 : :
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5.3 Effect of Source Locations on The Absorption of 1SO
354 and ASTM C- 423

The values of sound absorption by ISO method (as) and the
values of sound absorption by ASTM method (arv) for all
cases of source positions (2, 3 and 4) for different materials
(rockwool, polyurethane sponge and wood), represented in
figure’s 2,3.4

Figures 2,3.4; appear that the effect of two locations of the
source on the absorption of rockwool materials oo s& o,
for polyurethane sponge dgs & asmv and for wood oy is&
awerm- Figure 3, appears that the effect of three locations of
the source on the absorption of rockwool materials oygis&
axstm, for polyurethane sponge aggis& osmv and for wood
awzis& awatm- Figure 4, appears that the effect of two locations
of the sound source on the absorption of rockwool materials
Okais& Okatm, TOr polyurethane sponge agys& ossmym and for
wo0od Oyais& twarv. Until 2500Hz, the ayrm 1S hlgher than the
aks, except between 200 and 250Hz, where the aymy values
decline lower than the ogs. Above 2500Hz, the aymm Values
decrease lower than the ays. While the ogmv increases
throughout the frequency range of 125Hz to 1600Hz, the ostm
decreases and the ogs increases above 1600Hz. The as
appears to exceed the aymm in all frequency ranges in the
sound absorption curve of wood, except at frequencies
1250Hz and 1600Hz.

As aresult of these figures (2,3 & 4), it appears that the oy IS
greater than the o5 in materials with the best sound
absorption and decreases as the material's ability to absorb
sound decreases, as in the case of wood. The number of sound
source positions appears to have no influence on the sound
absorption of the three materials, and the behavior of the
sound absorption coefficient and its value is nearly constant as
the number of sound source positions changes. This is most
likely owing to the room’'s diffusivity spread of sound.
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Figure 4; Comparison between sound absorption for aIS& aTM
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5.4 Effect of Sample Area on The Absorption of 1SO 354,
ASTM C- 423 and New Area (NA)

At the frequency range from 125 to 1600Hz, in Figure 5, the
value of osa Sits between the values of ogs and osmy, and the
curve oagna behavior is similar to that of asty. Nonetheless, at
1600Hz, both ogs and asty decreased, with sty having the
largest decrease, so its values in this range were smaller than
ogs and ostv; however, we did not scatter values between the
values of ags, and it continued to increase with frequency
except at 6300Hz.

In the frequency band-limited between 400 and 2000 Hz in
figure 6, there appears to be a convergence between the three
names Owna, Owis, and ayrv OF wood sound absorption
coefficient, with values of the absorption coefficient ranging
between 10 and 15%. However, the value of ays is the largest
in all frequency ranges, and it was found in the range of 125 to
400Hz. The auna and oymm Values show a slight discrepancy.
And there was the most convergence between the values and
behavior of ayna, 0w OVer the entire frequency range of 125
to 6300Hz, with an absorption coefficient of 15%.

Figure 7, appears that the behavior and values close to each of
axna With values of ays during all frequency range from 125 to
6300Hz better than the convergence of ayry with values of
Olkis-



Abd-elfattah A. Mahmoud, International Journal of Emerging Trends in Engineering Research, 10(6), June 2022, 315 - 320

[=}
o«

=4
O

[=}
=)

e
n

0.4

Sound Absorption Coefficent . (c)

Frequency (Hz)
Figure 5; comparison of asna, 0sis& astm for sound absorption

0.4
-_— = owNA

ow IS
ow TM

tion Coefglceut (o)
i
L

p

Sound Absor
I
Iy

S QQ

N N N
& (& @@ P\.?@ﬂ)\s @@%QQ 6‘3@

Frequency (Hz)
Figure 6; comparison of awna, owis& owm for sound absorption

e 2 2 2
[- N ]

Sound Absorption Coefficent . ()
(=]
h

0.4
0.3
0.2
0.1
0
P22 S SRS S
Frequency (Hz)

Figure 7; comparison of axna, okis& axrm for sound absorption

5.5 Effect of Sample Locations on The Absorption of
ASTM C- 423 and New Area (NA)

Figure 8 depicts the values and behavior of the absorption
coefficient of rock wool for an area of 6.24 m? when placed
in three positions 1, 2, and 3, and for an area of 9.36 m?

319

when placed in two positions y & z inside the room, as well
as the effect of these positions on the values of the
absorption coefficient. According to the new area, the
difference in sound absorption values of highly absorbent
(rockwool) materials for the three places described in the
American standard and the two specified positions Y and Z,
and the difference in values between them, is roughly 0.15.

Figure 9 depicts the values and behavior of the absorption
coefficient of wood for an area of 6.24 m? when placed in
three positions 1, 2, and 3, and for an area of 9.36 m? when
placed in two positions y & z inside the room, as well as the
effect of these positions on the values of the absorption
coefficient. The sound absorption values for weakly absorbing
materials (wood) for the three positions defined in the
American measurement and the two specified positions Y and
Z according to the new area are convergent, with a difference
of around 0.03 between them.
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Figure 8; comparison of rack wool absorption for (6.24 and 9.36m?)

at locations (1,2,3,Y and Z).
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Figure 9; comparison of wood absorption for (6.24 and 9.36m2) at
locations (1,2,3,Y and Z).
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The highest curve in figure 10, is the relative standard
deviation of Rockwool reverberation time &/Ty. The region
between frequencies 125Hz and 400Hz, respectively for
empty room and boor sound-absorbing materials represented
by low relative standard deviation values 0.01to 0.015 of
reverberation time measurements of empty and wood €/Tg,
and €/T,. The relative standard deviation of reverberation
time measurements of polyurethane sponge €/Ts is in the
range from 0.01 to 0.03.
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Figure 10: the Relative standard deviation of reverberation time for
different Materials

6. CONCLUSION

To minimize the errors in sound absorption coefficient,
diffusers are essential to improve the reverberation time
measurements in the reverberation room [13]. For all cases of
source positions (2, 3, and 4) affecting the values of SAA, in
high sound-absorbing materials (Rockwool, polyurethane
sponge), the values of SAA (TM) are greater than SAA (1S),
and vice versa for weakly absorbing materials (wood).
Sound absorption coefficients calculated according to ASTM
standards are higher than those measured according to 1SO
standards in materials with the highest sound absorption and
decrease when the material's ability to absorb sound
decreases, as in the case of wood. The number of sound
source positions appears to have a little influence on the three
materials' sound absorption. According to the new area, the
difference in the values between the three positions specified
in the ASTM standard and the two assumed specified
positions Y and Z are about 0.15 due to the sampling
placement effect on the sound absorption values of highly
absorbent (Rockwool) materials for the three positions
specified in the ASTM standard and the two assumed
specified positions Y and Z. The difference in readings
between them is also roughly 0.03 for poorly absorbing
materials (wood). In the reverberation chamber, the sound
absorption measurement exhibited an unusually low relative
standard deviation, ranging from 0.01 to 0.04.
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