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D(50)

Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum 0.03 0.02 0.04 0.07 0.10 0.1 0.14 0.27
Maximum 0.56 0.56 0.66 077 0.84 0.85 0.86 0.93
Average 0.14 0.13 0.20 0.30 0.40 042 046 0.64
Standard deviation 0.11 0.11 0.13 0.15 0.16 0.16 0.15 0.13
C(50) dB

Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum -15.8 -16.0 -14.2 -11.6 9.4 -8.9 7.8 -43
Maximum 11 1.0 29 51 7.3 76 8.0 1.5
Average -88 -9.1 -6.8 -4.1 -2.0 -1.5 -06 28
Standard deviation 35 3.5 34 3.2 3.3 3.3 31 30
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oo ool 85
D(50)
Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum 0.08 0.07 0.1 0.21 027 0.27 0.32 0.46
Maximum 0.45 0.42 0.52 0.65 0.77 0.79 0.79 0.89
Average 0.17 0.15 0.22 0.33 045 0.46 0.49 0.66
Standard deviation 0.08 0.08 0.09 0.10 0.12 0.12 0.11 0.09
C(50) dB
Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum -10.5 -11.5 -8.9 -5.8 -4.4 -44 -34 -0.7
Maximum -08 -14 03 2.7 53 58 59 9.0
Average -12 -79 -5.8 -31 -0.9 -07 -02 3.0
Standard deviation 22 23 2.0 1.9 22 22 2.0 1.9
Cdgd 031943 2y !
D(50)
Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum 0.05 0.05 0.09 0.18 0.30 0.30 0.35 0.48
Maximum 0.55 0.53 063 075 083 0.84 0.85 0.92
Average 0.15 0.14 021 0.34 0.49 0.50 0.51 0.87
Standard deviation 0.11 0.1 0.12 0.12 0.1 0.1 0.10 0.09
C(50) dB
Band (Hz) [:X] 125 250 500 1000 2000 4000 8000
Minimum 127 -131 -10.2 -8.6 -38 -37 -28 03
Maximum 1.0 0.5 23 4.7 6.8 71 75 106
Average -8.1 -85 -6.1 -29 0.2 0.0 0.3 32
Standard deviation 31 3.0 26 23 21 21 20 21
ey ylase 1yl
D(50)
Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum 0.08 0.07 0.12 0.23 0.26 0.24 0.38 0.56
Maximum 0.66 0.64 0.71 0.79 0.86 0.86 0.87 0.93
Average 021 0.19 0.26 0.37 0.45 0.46 0.52 088
Standard deviation 0.13 0.13 0.13 0.13 0.12 0.12 0.11 0.08
C(50) dB
Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum -10.7 -11.3 -85 -52 -4.5 -49 22 10
Maximum 29 24 3.8 5.9 7.8 8.0 8.4 1.4
Average -6.3 6.7 -49 -25 -0.8 -0.6 0.5 35
g Standard deviation 3.0 3.0 27 24 24 24 22 22
OBl ol
3 D(50)
R Band (Hz) 63 125 250 500 1000 2000 4000 8000
‘) Minimum 0.01 0.01 0.02 0.05 0.07 0.08 0.10 0.17
Maximum 0.56 0.55 072 0.85 0.93 0.93 0.92 0.96
Average 0.13 0.12 022 0.37 0.50 0.52 0.52 0.65
Standard deviation 0.11 0.11 0.15 0.18 0.20 0.20 0.19 0.18
$ C(50) dB
Band (Hz) 63 125 250 500 1000 2000 4000 8000
Minimum -19.8 -20.5 -16.3 -13.0 -11.3 -10.8 -9.8 -7.0
Maximum 1.1 0.8 4.0 7.7 10.9 11.0 108 13.8
Average -97 -9.9 -6.3 -2.8 0.0 0.3 0.4 3.2
. Standard deviation 4.4 4.5 4.2 4.1 4.3 4.2 4.0 4.1
.
: -
Celw oK !
D(50)
Band (Hz) 83 125 250 500 1000 2000 4000 8000
Minimum 0.02 0.02 0.05 on 0.18 0.19 0.19 0.28
e ) Maximum 0.63 0.60 0.72 0.82 0.85 0.86 0.88 0.93
Average 0.18 0.17 0.25 0.36 045 0.46 0.49 063
“ Standard deviation 0.15 0.14 0.17 0.18 017 0.17 0.17 0.16
} C(50) dB
-~ Band (Hz) 63 125 250 500 1000 2000 4000 8000
° Minimum -17.8 -17.7 -13.1 -9.0 6.7 64 6.2 -4.1
e Maximum 23 18 42 67 77 79 88 1.3
Average 80 -84 -56 -29 09 07 0.0 26
Standard deviation 46 4.5 4.1 3.7 3.3 33 34 3.5
ay
n RN
ay ‘sbl)‘ 2 K|
a ..
— C(50) dB D(50)
'3 Band (Hz) 63 125 250 500 1000 2000 4000 8000 Band (Hz) 63 125 250 500 1000 2000 4000 8000
- Minimum -23.8 -25.5 -22.3 -18.8 -19.6 =207 -171 -13.7 Minimum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Maximum 16 08 22 4.4 6.7 8.7 71 9.8 Maximum 0.59 0.55 063 0.73 0.82 0.82 0.84 0.90
= Average 90 -100 7.9 5.5 -3.5 -36 =27 -0.1 Average 013 0.12 0.15 0.21 0.27 0.27 0.29 0.37
;? Standard deviation 74 77 71 6.7 7.0 7.0 6.7 6.8 Standard deviation 0.16 0.14 017 0.22 0.27 0.27 0.28 0.34
‘Y €(50) dB D(50)
} Band (Hz) 63 125 250 500 1000 2000 4000 8000 Band (Hz) 63 125 250 500 1000 2000 4000 8000
: Minimum -19.6 -20.0 -21.4 -230 -24.1 -24.2 -20.0 -14.9 Minimum 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.03
M aximum 3 3 . aximum E E | .
Maxi 5.1 4.9 37 24 16 22 42 78 M 0.76 0.76 0.70 0.64 0.59 0.62 0.73 0.86
Average -6.9 7.0 -8.3 -08 -108 -10.1 <71 -3.0 Average 0.24 0.23 0.20 0.16 0.14 015 0.23 0.38
f Standard deviation 6.2 6.2 6.3 6.4 6.6 6.6 6.1 5.7 Standard deviation 0.19 0.19 0.17 0.15 0.14 0.15 0.18 0.23
9
-—

D
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Introduction: Considering the importance of sound comfort and speech intelligibility in determining the
acoustical quality of a space, especially functional spaces, the important indexes of these two factors
should be considered. In this research, acoustics in metro stations have been studied, which are functional
in crowded and busy spaces, and structurally and physically have disproportionate geometry (long length)
and materials with low sound absorption coefficient, thus, a noisy environment with sound disorders.
Relatively high noise, which in addition to the background noise (noise of equipment and ventilation
systems, etc.), in the effect of other sound sources (trains, brakes, engines, People talking, etc.), noise in
metro stations is one of the most annoying issues that can cause discomfort and physical damage in the
long run.

Method: This research is quantitative because it has quantitative data that has been got from field
measurements and simulations. simulation in this research is a method for describing acoustical behavior
in metro stations. We have performed simulations to investigate and compare acoustic variables with
international standards to devise solutions for auditory satisfaction in metro stations. The case studies were
selected from Tehran, Tabriz, and Isfahan and classified into two types and three different volumes. Then,
by entering the three-dimensional case studies in ODEON software and determining the surface material,
sound source, and background noise based on the data got from field measurements, specifying the
receiver points and settings related to the impulse response length, simulation is performed and effective
acoustic variables are extracted. Variables such as SPL, RT, EDT, STI, AL¢s, C, and D concerning the
subjects of noise in the environment and speech intelligibility are essential.

Results: The results of simulations show that the maximum sound pressure level in all stations is higher
than 85 dB(A) and the maximum reverberation time is more than 2s, which is far from international
standards. These effects sound comfort as well as speech understanding, which is the most important factor
in creating safety and performance of the space and is directly related to the user's auditory satisfaction.
Quantitative measurement and assessment of acoustic variables were also proof of this claim.

Conclusion: It can be concluded that the type of platform, volume, proportions, and different materials
used in the stations are the reason for the heterogeneity of acoustical behavior among stations and the
effect of environmental elements, especially space architecture on acoustical conditions and audio
dissatisfaction is undeniable. It is also suggested to study the sound absorption capacity at different
frequencies to optimize the acoustic conditions for providing auditory satisfaction to increase the
absorption capacities at low frequencies and frequencies of human speech and auditory range by
creating cutouts, corners, and cavity-like functional spaces.
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