(Noise Control) (Sound Control)

(Noise)

(Noise Criteria)

(Sound  Level)

( ) Reverberant Sound
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Acoustical Requirements in Classroom

Exterior Noise Control

Interior Noise Control

Room Acoustics

31
31
311
(Noise Criteria)
(
STC

45

(Sound transmission loss,

(Composite wall)

SBCCI

(

(STC)

L)

)

Southern Building Code Congress International,

Southern Building Code Congress International, SBCCltilw

Cavanaugh.J Willaim and Wilkes, Architectural Acoustics Principles and Practice
(New York: John Wiley & Sons, 1998), p. 120-121,
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31 A g (TLJ.
TLmin TLmin
o) () ()
25 3 28
1-25 30 45 3
3 50 42
25 45 3
26-10 30 50 4
3 5% 45

- Cavanaugh.J Willaim and Wilkes. Architectural Acoustics Principles and Practice
(New York: John Wiley & Sons, 1998), p. 119.

5
1 Workshop
2
3 ,
(General Classroom) (Practical room)
4 (Study room)
5
(The  British
Standard Code of Practice)
(Transmission Loss, TLmin) iV
g 1 Thpn 25
3 4 Tlpgl 35

SRL. Sound Research Laboratories Limited. Practical Building Acoustics (New York:
John Wiley & Sons, 1976), p. 213-214.
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2 5 TLmp, 45
(Exterior wall)
TLpn 45
STC 45
31
dé
(STC) 45

15 (Cowan, James, 2000: 48)

No reduction (above line-of-sight)

|= 9 to 15 dBA reduction

i

Barrier
(a) Cross-sectional view

32 (a) ()

5to8dBA
reduction

5to8dBA

a NG reduction
ety o /591015 dBA\ No
G reduction 1Y/ rection

f

Barrier

Source

() top view

: Cowan, James, Architectural Acoustics Design Guide. (New York: McGraw-Hill, 2000), p. 49.



(Stein, B. and Reynolds, J. . 1992:1382)

31

Exterior Noise Source

!

58

(Noise Criteria)

Building Site
]

iyt

Building Envelope

i
S

Room Absorption

iy

Interior Receiver

45
15



312 1

(45

100
10

20
10 (70 %: 20 %: 10 %)

1.2 Sound Leaks 10%

1.1 Wall 90%

32

311

59

(7 )
3. Sound
Absorption 10%



11

12

(Sound Transmission Class, STC)

4
(Single Homogeneous Wall) ,
(STC)
70
STC
(Cavity Wall)

30 (Stein, B; and Reynolds, J. , 1992: 1387) -

(Composite Wall)

(Sound Transmission Coefficient, a)

(Sound Leaks)

60
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: 1/32
(Miller and Montone, 1978: 55)

(Shadow)

50-100

( - ; Z525’. %)

(free field)

(Inverse Square law)
(Point Source) 6
(Line Source)
4 B3

Cavanaugh, William J; and Wilkes, Joseph A, Architectural Acoustics: Principles and Practice
(New York: John Wiley & Sons, 1998), p. 17.



62

3.
( )
(-1) (+7) i
3.13
1
11
(Single Homogeneous Wall)
(Sound Transmission Class, STC)
STC
Cedar Knolls, Geiger and Hamme,
Riverbank, etc Egan, M. David.
(Cavity Wall)
117
(L) (STC)
TL STC TL
STC TL STC
35 L STC

Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings Eight Edition
(New York: John Wiley & Sons, 1992), p. 1382.
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TL (dB) STC
125Hz  250Hz  500Hz 1,000 Hz 2,000 Hz 4,000 Hz Improve

1 Vr 0 1 2 5 9 12 3
3" 1 2 7 10 14 15 6
6" 5 7 1 15 19 20 8

. Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill, 1972), p. 77.
TL TC
(Hz)

lbff2 125 250 500 1000 2,000 4,000 STC
9" 2 12 100 4 43 4 5% 5 60 %2

VI 0 = 5 9 2 3
4102
+ Al
" 412 2 12 100 4 4 5 60 6 72 55
(Hz)

bff2 125 250 500 1000 2,000 4,000 STC
9" 2 U2 100 4 43 49 % 5 60 2

6" 5 ! il 15 9 2 8
- 412"
+ 6"
+ 412" 2 12" 100 46 50 60 10 % 80 60

(Sound Transmission Class, STC)
5 1 5
STC



3.2

STC
25

0

35

42-45

46-50

radios

1

(Description)

(STC)

(Application)

(apartment)
|

. Stein, B and Reynolds, J. , Mechanical and Electrical Equipment for Buildings
Eight Edition (New York: John Wiley & Sons, 1992), p. 1400,

STC
STC
STC
STC
STC

25
30
35
45

25

30
35
45

(STC)

32 TN ~SERY SCR NG RTN

64
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33 (T) (STC)

Transmission Loss, TL

lb/ftz  125Hz 250 Hz 500 Hz 1000 Hz  2000Hz  4000Hz  STC

417 2 12 % ¥ % 4 50 56 8 4

6" A3 ¥ 4 49 55 8 4

9" 2 W o 4 83 49 55 5/ 60 5

6" 2 12 80 39 4 50 5% 64 67 53
412 + Lyt

412 212 w0 4 44 ol 60 66 12 55
412" + 6"
4172 2 12 100 49 5 60 n 76 80 60

: Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). p. 73-75.

Sound Transmission Class, STC

60
wiarieBg 4.1/2" snuy2ding 1/
48497487N# 6"
55 8 =, Cral " An
uuqnﬂun;ﬂ s' i']uquzg'n 1,2' N\Nnﬂﬂﬂ 4.1/2 W‘U’JM'N 1/4
ATEAL 5 I 994998114 1 1/2°
wikriedy 9 nujuedne 172"
50 +
utiimeunImUAen 6" MR
0 M A ARSI
A
PNSLAL 4
wiaringg 412" suy2dne 12

40

wund 3.3 uamANsiunsgoudanisderiude STC) sesriliiuuasiassduusiaaiia



(Composite Wall)

35

(TLQ

35 2
2 4
25-15
25, 50, 75

(TLQ

(TL2
(TLQ 34

(TLQ

66

34

(12



TL, — TLc (db)

4 112"
Transmission Loss

1L,
t12
TLr TL2
TLC 25%
TLC 50%
TLC 75%

67

35

7
% V//// //;/
25 e L // ///Z
ie. £x100=100 50 20 10° 5" 27 1

2 , 7 £ ////

" ////////

. //// ////

5 7/ ///é //

y//
00 5 10 15 20 25 30 35 40 45 50
TL,~ TL, (db)

34 (TL9

Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings
Eight Edition (New York: John Wiley & Sons, 1992),p. 1392

212 14"

125Hz  250Hz  500Hz 1000 Hz 2,000Hz 4,000Hz STC
34 K 4 50 56 58 42
25 28 30 34 24 3 29
9 6 n 16 32 23

29.5 315 35 3 30 4

21.5 0 3 3 21 39

26 28 a 36 25 36



412" 2 12
Transmission Loss  125Hz  250Hz  500Hz  1000Hz 2000Hz 4000Hz STC

1L A A 4 50 5% 58 42
t12 10 12 iV, 2 2 i} 2
TLr T2 24 2 2 3 44 4
TLC 25% 16 18 17 16 18 16
TLC 50% 13 15 15 13 14 13
TLC 75% n 13 14 12 12 il

412" 2 |13

Transmission Loss  125Hz  250Hz 500 Hz  1000Hz 2000Hz 4,000Hz STC
A R/ 4 50 56 58 42

TLL

t12 2 kil a il Y 43 A
TLr TL2 5 3 10 19 7 15

TLC 25% 2 325 36 36.5 45 49

TLC 50% 305 32 35 A 425 46

TLC 75% 295 305 32 325 il 44

] 6" 1/4”
Transmission Loss  125Hz  250Hz  500Hz  1000Hz 2000Hz 4,000Hz STC

3 36 42 49 55 58 45

TL1

t12 2% 28 0 A 24 3 2
TLr TL2 12 8 12 15 kil 23

TLC 25% Kl 32 3 40 Kl 4

TLC 50% 28 0 32 37 21 3

TLC 75% 26 29 3l 3 25 b



Transmission Loss  125Hz  250Hz  500Hz  1000Hz 2000Hz 4,000Hz STC

L1 3 36 42 49 55 5% 45
tl2 29 kil kil 3 3 43 A
112 8 5 il 18 16 15
TLC 25% 3 A 36 36.5 45 49
TLC 50% a4 325 A A 82 46
TLC 75% K 3L5 32 32 40.5 44
6" 2 i 14"
Transmission Loss  125Hz  250Hz ~ 500Hz  1000Hz 2000Hz 4,000Hz STC
1L, 3 ) 50 58 o4 67 53
t12 25 28 0 R 24 35 29
TLr TL2 14 14 20 24 40 32
TLC 25% 305 335 36 i) Kl i
TLC 50% 215 305 3 37 26 38
TLC 75% 26 29 35 3 23 36
62 1 1\

Transmission Loss  125Hz  250Hz  500Hz  1000Hz 2000Hz 4,000Hz STC

L, 39 42 5 58 64 67 53
t12 29 K| 3 3 39 43 A
TLr TL? 10 il 19 27 25 24

TLC 25% 3 365 3 45 50
TLC 50% 315 4 4 3 42 46
TLC 75% 0 32 325 3 40 44

&
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(STC¢)
(TLQ 35

1 STC

( 3.9) 8 ( 35)
2 STC

13 32

STCc

STC 500 HZ STCc

: |

= l 'Hvdb

MEE 2eE
& 1 Ve L L LT T -

10 db
S
A

N

i
1
——
5 7 |
& 7 L1 d 3
A ! i
% ‘v/ 1
e / !
& i
1
T
i
s i
e |
|
80 125 200 315 500 800 1250 2000 3160 5K
| E] % | | | i | | [ |
S3 100 160 250 400 630 1000 1600 2500 4K
35 (STC)

: Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). p. 70.



+ 14

+ 1VA'

+ 14

+1%II

+ 18

+1%II

3.4

3
412

412

412

2 12

2 12

02 U2

OH

02 12

02 U2

(STC)

25%
50%
5%
25%
50%
5%

50%

5%
25%
50%
5%

50%
5%
25%
50%

5%

50%
5%
25%
50%

5%

STCe

3
3l
29
18
14

40
3

®

29
19
15
13
39
31

35

30
21
4
38

35

i o

(&)

—_, N W W NS SO S U S LS I )

A A A O LW W DS BB B
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0
TL 25-60
3.0 01
w2
1
20
25-15
() e 26 TLC
25
1
y ] ]
s
Percen open area = 0.
§ o en
Amsgaudanisdeinudes
spmiensdinidadeaila 20 1
- LT 2
5 s
- 5
10] /// ; b
. E ™ | 20
: L
50
0
0 s 10 15 20 25 30 35
TL,{db)
Amsandanisdesinudesrewmtandn
36 (L)

Stein, B. and Reynolds, J. , Mechanical and Electrical Equipment for Buildings.
Eight Edition (Now York! John ilCy & Sons, 1992), p. 1392



(o) (STC)

(TL.) 3.6
35
1.2 (Sound Leaks)
1 '|'| 1
| 1
(" eal) 4
"o (Seal) 5
2.
(External
Limits)

(British Standard 4142: 1967)
(Noise Criteria, NC)
5-10

(SRL. Sound Research Laboratories Limited, 1976: 39)

Noise
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BPL \Wuiudai; = M\PDPM] T [TvappiuX;-memeeeeeeeees Ay
(Noise Criteria, NC) 45 ()
SPL ( , ) =45 +7=52 ()
5
52 () 5
4321
80 () |
70 ' 80 () 2
60 70 () 3
52 60 (1) 4
52 () 5
1 | ’
2540 24 .
70.1-83.5 () , 2541 13



5

70 () 80 ()

%0 ()
(Free field)

(Line source of sound)
(Inverse Square Law)

15 (Moore, John Edwin, 1978: 87)

DISTANCE FROM SOURCE IN METRES

10 15 20 30 40 50 100 1000
— fefrm e —
<1 j :
X X! 1
v X
VX Xy "
X X N
v N
N N -
\ 4 UNE SOURCE
2 V\ ; Xy
X \
) \ X
A N
: \ X heavy X
U \ X ROAD \
\ v, TRAFFIC "
\ X 1
\ ne
A\ by
"""" \ \"POINT SOURCE
/ \
A \ T
3.7

Moore. John Edwin. Design for Good Acoustics and Noise Control
(London: the Macmillan Press, 1978), p. 87.



15
20
30
40
50
60
10
80
90
100
200
300
400
500
600
700
800
900
1000

3.7

©W O0O0 0o N o O w

[ O e N e e L =]
o N O U1 W O 5y

18.5
19
195
20

70
68
67
65
64
63
62
61.5
61
60.5
60
5/
55
54
53
52
515
ol
50.5
50

(Line source of sound)
90, 80, 70

15

1,000

18
7
5
74
73
12
715
1
70.5
10
67
65
64
63
62
61.5
61
60.5
60

()

88
87
85
84
83
82
815
8l
80.5
80
I
5
75
13
12
715
1
70.5
10

76



Sound Pressure Level, dBA

U

88 4 el AR 1

B
ouuRdssALIREsrUNaY 90 dBA

AeYAL 2

AgEAL 3

56 ATTAL 4

2(2) : = \ W

46 ATLRL 5

5 20 30 40 50 6 70 8 9 100 500 1000

Distance, m

(Acoustic Barrier)

A = 10log (HAR) + 10log F- 17 15 (20)

A= , dB

H= t
R= Mt

F= , Hz

& Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). p. 185.



23

3l

8-10

© 00O N O oo

16Ibid;p.65.

32-48

70 dBA

62
6l
60
64
62
61

80 dBA

12
n
10
4
12
1

90 dBA

82
8l
80
84
82
8l

8
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NR  =TL+101log A/  --meemme (22)
NR = , 0B
L = ( , ), dB
A = , sabines, ft2( 2
A = 0L+ 200+SXa3......+SKan
123 = , ft2(m2)
a, 23un n=

(10 log A/ )
(L)
(Stein, B. and Reynolds, J. . 1992: 1382)
a <02
1 (NR =TL-1)
4 (NR = TL+4)
>0.4
7 (NR =TL+7)
(1) 7
5
5



3X9X10

o B D O o

20

( ' '

i

) 3X6X8

80

g1l BWw N

.. 2531



3.6
Surface

Al Ceiling: Plywood, 3/8-in thick
Wall: Brick, unglazed and painted
Floor: Cork, rubber on concrete
a2 Ceiling: Gypsum board, V2-in thick
Wall: Brick, unglazed and painted
Floor: Cork, rubber on concrete
a3 Ceiling: Plywood, 3/8-in thick
Wall: Concrete block, painted
Floor: Cork, rubber on concrete

ad Ceiling: Gypsum board, V2-n thick ¢
Wall: Concrete block, painted

Foor: Cork, rubber on concrete
Window  Glass typical window

Door Wood, - , paneling with air space behindc

Student  Students, informally dressed seated in tablet-armchairsC
¢ :Egan, M David. Concepts inArchitectural Acoustics (New York: McGraw-Hill. 1972LP. 32-34.

(., ) 3X6X8

A = Xal+ XaZ Xa3......

Area of Surface, 2

1Ceiling: Plywood, 3/8-in thick = 48

2Wall: Brick, unglazed and painted = 70.4

3Floor: Cork, rubberon concrete =48

4Window: Glass typical window = 9.60

5Door: Wood, */4-in, paneling with air space behind = 4.00

6Students, informally dressed seated in tablet-armchairs= 35

81

Absorption Coefficients,
«(Frequency 1000 Hy)

35

Absorption Coefficients,(K A= SX«

(Frequency 1000 Hz)
a,=0.09

«2=0.02

a3=0.03

«4=0.12

«5=0.08

«6=0.84

Total

(Sabines, m2)
4.32
1.40
1.44
1.15
0.32
29.40

38.00

0.09
0.02
0.03
0.04
0.02
0.03
0.09
0.07
0.03
0.04

0.07
0.03
012
0.08

0.84

A
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( ' )
3X6X8

3X6X9
3X6X10
3XTXT
3XT7X8
3XTX9
3X7X10
3X8X8
3X8X9
3X8X10
3X9X9
3X9X10

22

Logarithmic

(10 log Al')

3.6

(9
704

5.2
80

0.2
74.8
794

9.2
83.6
88
87.8
92

9.6
108
12
98
112
126
14
128
144
16
16.2
18

20%

T e e e e e o o o I O o o

NaS)

3
3
3
35
3
35
35
3
40
40
45
45

82

Absorption Units

(Sabines, 2

A

38
39
40
38
39
40
4
40
46
47
52
53

a2 a3

36
36
3
36
36
3
38
31
42
43
47
48

42
43
44
42
43
44
46
44
50
52
56
58

Ad

39
40
4
39
40
4
42
4
47
48
52
53



3.8

3X6X9

3X6X10

3XTXT

3X7X8

3XTX9

3X7X10

a2

a3
al

a2

a3
al

a3
a4

a?

a3
a4

a?

a3
al

a2

a3
al

a2

a4

, (Sabines, m2
3
36
42
39
39
36
43
40
40
37
44
41
3
36
42
39
39
36
43
40
40
37
44
41
41
3
46
42

24

21

30

A

24

21

30

, dBA
1.99
1.76
243
2.10
1.59
124
2.02
1.70
1.24
091
1.66
1.35
2.57
2.34
301
2.68
2.10
1.76
2.53
221
1.70
1.36
2.12
181
1.35
1.02
1.85
1.46

RO RO RO RO N 0N RN WD W W W W R R RO DD W DWW P

83



3X8X8

3X8X9

3X8X10

3X9X9

3X9X10

, (Sabines, 2
40
37
44
4
46
42
50
47
47
43
52
48
52
47
56
52
53
48
58
53

24

21

30

21

30

, BA
2.2
187
2.63
2.32
2.31
191
2.67
240
194
1.56
2.38
2.04
2.84
240
3.16
2.84
247
2.04
2.86
247

W W W W W W W W W W MNP D W LW N W LW W w

84



3.2

(Sound Research Laboratories Limited, 1976: 105-108)

interior Noise Source

Zoning
S
45

Structural Partition
1t

Room Absorption
1

Interior Receiver
39

50 89 (310
45
544

85



Sound Pressure Level, dB

&

&

75

45

35

86

Computer equipment room

I
anaiums

Labora

tgry work spaces

Im

\ Normal §onversational speec!
Librarieq, reading

125 ' 250 / 500 Y 1000 ; 2000 ' 4000 Frequency, Hz

310

- Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 197?). p. 21-22.
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3.3

331
(Sound Pressure Level, SPL)
(Direct Sound) ~ Reverberant Sound
(Sound Research Laboratories Limited, 1976: 15)
65 ()
144 270
79
(Direct
Sound Pressure Level)
(Inverse square law) 2
(34
65 ()
: 1 2 3 4 5 6 17 8 9
, () ‘12 17 224 -3 25 -26 -8 -29 -3
() 53 48 4 &£ 40 39 I H B
45 () § 3 41 3 5 6 8 9 -0



35 () 18

Reverberant Sound

88

Reverberant Sound Pressure Level, RSPL Reverberant
sound
1 3( 33
65 ()

144 3( ) 8 ()
Reverberation Time 0.60-0.80 sec ( ) ()
Reverberant Sound Pressure Level, RSPL 55 ()

65 ()

270 m3( 1) 11 ()
Reverberation Time 0.60-0.80 sec ( ) 2 ()
Reverberant Sound Pressure Level, RSPL 52 ()

Reverberant Sound Pressure Level, RSPL
34
8
RSPL, dBA  SPL SPL
, M , dBA , dBA , dBA
I 55 37 18 0.00 55
9 52 3H 17 0.00 52
B

50 ()
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3. +10 -100
5- é 200 -50 -300
[} -49.
95 - - 48
10 ?4 ':2 200
5 _
15- : 500 50 45 g
.44 "
20 ¢ -43
30- 1000 - 42
- S -
-2 30, -l00
50— -39
—4~ -2000 38
5 20+ 37
-6 36"
100- 5o a5
5000 < = 34 90
- : a3 ~11_}-01
-9 (t 3, . 40 ~10
P 200- -32 =
on = 9
-10000 | 8 | -30 -8 02
z .29 =l
| 500. F O7 .28 -6 |
-14  -20000 g_ 22675 . -5
. - -4 :
15 == .25 3 1057
1000— :1? 24 -15 C o g
.23 & &
-18 _ 50000 S et M
. 0 }—1-0 E
2000- é% =0 1 =
21 B -2 5
— 100000 1 .
]% *3 }—20 @
5000- 23 2- .17 ’;
24200000 \E 50
+ 6 N
";i% -15 =t @
10000- ~r27~ -13 +8 — 5.0
12 +9 [C
9 ®500000 o T10 L
20000- - 30 - 10 +11 C 0
0) (2) 3)

SRL. Sound Research Laboratories Limited. Practical Building Acoustics
(New York: John Wiley & Sons, 1976), p. 3L

| IN 01l 23 456 7 8 910 PBUDBB

level:
ADD TO HGHR
LEVEL : 302520 15 [0 05 0l B
ADDITION OF NOISE LEVELS

34 2
Moore. John Edwin. Design for Good Acoustics and Noise Control
(London: the Macmillan Press, 1978), p. 109.



3
SPL SPL
%5 3
52 35

301

1. Sound Pressure Level

Reverberant Sound
(52-55

RSPL
18
17

10

2. Reverberant Sound 30%

90

() 100
Reverberant Sound

Reverberant Sound
33%
3%

Reverberant Sound

Reverberant Sound

Reverberant Sound
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2. Reverberant Sound
21 Reverberation Time, (RT)

60 dB (Steady-
state level)  RT
RT
2.2
Reverberant Sound '
RT
3.3.2
L
9
SPL = PWL + 10log (Q /47Ir2+4 [R) ----resen-- (23)
SPL = , dB
PWL = , dB
Q = Directivity factor
= ()

R = Room constant, 2(ft28

19 Stein, B. and Reynolds, . , Mechanical and Electrical Equipment for Buildings Eight Edition
(New York: John Wiley & Sons, 1992), p. 1344.
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R=0C / (1-00) = AJ(L-4)wmmrmm (24)

a =AlS
= , 2(ft2
q =
A = (Sabines, 2
(Surface)
(6c) 0.20
Sound Live
(a) 0.40
, Sound Dead
(Stein, B. and Reynolds, J. , 1992: 1341)
3 Sound live room, Semi reverberation room
ound dead room
65 () 3
312
Roduciin &)
gfmso‘:'g -12
GF T
I
e S e
312

: SRL. Sound Research Laboratories Limited. Practical Building Acoustics
(New York: John Wiley & Sons, 1976), p. 27.



Sound live
Semi reverberation
Sound dead
38-57 ()
SPL 45 ()
SPL
SPL
1
3
5
10
18

SPL 9
65- 8 =57
65-17 =48
65-27 =38

Sound dead room

38-47

93

SPL

: Egan, M. David. Concepts in Architectural Acoustics (New York: McGraw-Hill. 1972). p. 14

SPL
1
2,34 5
SPL
45
45
50
55

60

SPL
SPL

50
55
60
65

(S 2 T~ SC R ORI
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SPL

39

3X6X8

3X6X9

3X6X10

3XTXT

()

SPL

(23)  SPL= 65+10 log (1/27tr2+4/R)

Room constant

a?

a3
a4

a?

a3
a4

a2

A3
a4

a2

a3
ad

Room constant

, (Sabines, 2

38
36
42
39
39
36
43
40
40
3
44
4
38
36
42
39

(24) R=

180

198

313

PWL
Directivity factor (Q2=2)

(25)

[(1- ) =Al(1-4)

@

0.211
0.200
0.233
0.216
0.196
0181
0.217
0.202
0.185
0171
0.203
0.189
0.208
0.197
0.230
0214

37,

Room

94

constant' m

82.

48.16
45.00
54.75
49.74
48.50
43.95
5491
50.12
49.07
44.63
55.20
50.55
47.97
44.83
54.54
49,61



3XTX8

3X7X9

3X7X10

3X8X8

3X8X9

3X8X10

3X9X9

3X9X10

a2

a3
a4

a2

a3
a4

a2

a3
a4

a2

a3
a4

a2

a3
a4

a?

a3
a4

a2

a3
a4

A2
A3

A4

, (Sabines, 2

39
36
43
40
40
3
44
4
4
38
46
42
40
31
44
4
46
42
50
47
47
43
52
48
5
47
56
52
53
48
58
53

«

224

«

»

246

0.193
0.178
0212
0.198
0.180
0.166
0.198
0.184
0.169
0.157
0.190
0.173
0.178
0.165
0.196
0.183
0.186
0.170
0.203
0191
0.175
0.160
0.194
0.179
0.192
0.174
0.207
0.192
0.180
0.163
0.197
0.180

Room

constant,

48.32
43.19
54.56
49.87
48.78
44.36
54.86
50.24
49.33
45.07
56.79
50.78
48.66
4431
54.12
50.18
56.51
50.60
62.73
58.09
56.96
51.19
64.51
58.46
64.35
56.90
70.61
64.35
64.63
57.34
12.22
64.63
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3.10

3X6X8

3X6X9

3X6X10

3XTXT

3XTX8

3XTX9

3X7X10

Room
constant,
48.16
45.00
54.75
49.74
48.50
43.95
5491
50.12
49.07
44.63
55.20
50.55
47.97
44.83
54.54
49,61
48.32
43.79
54.56
49.87
48.78
44.36
54.86
50.24
49.33
45.07
56.79
50.78

, dBA

W W W W W W B~ W W W P W W W P W LW wWw s W ww P W w w s w
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3X8X9

3X8X10

3X9X9

3X9X10

a2

a3
al

a2

a3
al

a2

a3
al

a2

a3
al

a2

a3
al

Room
constant, m2
48.66
4431
54.72
50.18
56.51
50.60
62.73
58.09
56.96
51.19
64.51
58.46
64.35
56.90
70.61
64.35
64.63
57.34
72.22
64.63

o4
55
o4
4

54
53

b4
54
53
53
53
54
53
53
53
b4
53
53

, dBA

W W W W W W W W W W W W W wWw w wWw w w &~ w

97



98

. Reverberant Sound
2.1 Reverberation Time, (RT)

Reverberation Time, RT

RT
RT RT
(Sabine) D
RT = 0.161V/A (In metric Units) ---------- (26)
RT = Reverberation Time (RT), Second
Vv = , =3
= , (Sabines, 2
A = lal+ 2224+ 333 . +smn
1231 s = , 2
« 123, .. 755 i '
Reverberation Time RT
500HZ-1000HZ Russell
Johnson (Courtesy of Russell Johnson and Bolt Beranek and Newman, Inc) RT
0.50-0.90 (34
RT 5 RT RT Russell
Johnson 5 RT RT

A Cavanaugh, William J; and Wilkes, Joseph A, Architectural Acoustics: Principles and Practice
(New York: John Wiley & Sons, 1998), p. 21.



Music

Speech — » -«-Speech and Music- » -<wemseeeeemeeeees

99

RT 0.45 RT 0.95

RT 0.45 0.50 RT 090 0.95
RT 0.50 0.55 RT 085 0.90
RT 0.55 0.60 RT 080 0.85
RT 0.60 0.80

32 T~ SO R NCRRTIN

02 04 06 08 10 12 14 16 1.8T 2.0T z.zT 2.4T 2.64 2.|8 r3.0 T 32 34

PIEbem um LEELEEELEEEiiim Yim im ilim diiitiiir itk 11 11

1Symphony (Romantic works! Liturgical, orchestra, chorus, or organ
(' 11

i
.Secul horal
[ m i T3 SOt

[ I L Y A | Il
Contemporar){ orchestral works,' recital and chamber music
| FiHfmimAmitin 1l
Semiclassical concerts.and choral, groups, using sound system
[ IMBiImimmmuirt I

Touring Broadway musical comedies, operettas, Gilbert and Sullivan
| P It
Dance bands, etc, using sound system
[Tt i |

,) 1fhurmres )11 1 wsammimmm mmm |||III||||"||| 1 Fathﬂdrals

General purpose auditoriums
FEEIE oo 1101

Hit];h school auditoriums

FLTH 1 I

Small theaters
1 MIULilimi 11

Cinema
ijmimiifimimini |

Lecture and conference ro
LT m i aiE TR T 1
Playhouses, intimate drama production

emonary Socorooman S Reverberation Time, RT

Linijiim miiiiii | L'eN— -
Recording and "Broadcast Ttudiffi Tor speech only

||IIIII|IIIIII ] I
-
0.4 0 08 10 12 14 16 l-8 20 22 24 26 28 30 32 34

Reverberation time, seconds

02

35 Reverberation Time ( 500/1000H2)
Cavanaugh, William J; and Wilkes, Joseph A. Architectural Acoustics: Principles and
Practice (New York: John Wiley & Sons, 1998), p. 156.
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Reverberation Time, RT

3.1.3
RT RT
RT
A
(, ., )3X6X8 3%
A = NXOCl+ 260C2+SHX a3 .. + man
Area of Surface, 2 Absorption Coefficients,« A =SX«
(Frequency 1000 Hz) (Sabines, m2)
1Ceiling: Plywood, 3/8-in thick = 48 a, =0.09 4.32
2Wall: Brick, unglazed and painted = 70.4 32:0.02 1.40
3Floor: Cork, rubberon concrete = 48 33:0.03 1.44
4Window: Glass typical window = 9.60 « 4= 0.12 1.15
6Door: Wood, /4-in, paneling with air space behind = 4.00 « 52 0.08 0.32
6Students, informally dressed seated in tablet-armchairs= 35  « 6= 0.84 29.40
Total 38.00

RT = 0.161 V /A

RT = 0.161X (3X6X8)/38.00

RT = 0.61 Sec



311

3

3X6X8= 144

3X6X9= 162

3X6X10= 180

3XTXT= 147

3X7X8= 168

3X7X9= 189

8L

A,
a?

al
ad

a?

al
ad

a?

al
ad

a?

al
ad

a?

al
ad

a?
al
ad

36

37

6

Reverberation Time

, (Sabines, m2) f
38
36
42
39
39
36
43
40
40
37
44
41
38
36
42
39
39
36
43
40
40
37
44
4

Reverberation Time,

(RT, Sec)

061
0.64
0.55
0.59
0.66
0.72
0.60
0.65
0.72
0.78
0.65
0.70
0.62
0.65
0.56
0.60
0.69
0.75
0.62
0.67
0.76
0.82
0.69
0.74

ol o1 &~ o1 o1 o1 o1 o1 o1 &~ o1 o1 o1 o1l o1 o1l o1l o1l o1 o1 & &>~ O1 O

82.

101



m3
3X7X10= 210

3X8X8= 192

3X8X9=216

3X8X10= 240

3X9X9= 243

3X9X10=270

a2

a3
al

a2

a3
al

a2

a3
al

a2

a3
a4

a2

a3
a4

a2

a3
a4

, (Sabines, 2
41
38
46
42
40
37
44
41
46
42
50
47
47
43
52
48
5
47
56
52
53
48
58
53

Reverberation Time,
(RT, Sec)
0.82
0.88
0.73
0.80
0.77
0.83
0.70
0.75
0.75
0.82
0.69
0.73
0.71
0.78
0.65
0.70
0.75
0.83
0.69
0.75
0.82
0.90
0.74
0.82

~ oo B~ oo B ool o1 o1 o1 ool B o1 ool &Aoo B0 B
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2.2
(Rectangular)
(Square) (circular)
(large curved area)
(, , ) 1:15:2 1:15:2(
(circular)
1 (oval shape)
(square)
(Rectangular)
(trapezoid)

(Trapezoid)

(oval shape)

. 2541:81-86)

T B W N

2
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