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If a marching band is approaching
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long wavelength.

High pitched
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directional

because thay
don't diffract

as much.

<0
o.
K
ol

olo

nd

=

9 EFo

o
=]

il
™
o
op
_EH

7b doliA 2 WaE, od A=/ ofd

1=}
T

]

[e)

-
ey
N

rzel

N

)
&2
X

A

o}
i
ojp
_lﬂ

"
)

—

el

o

ﬂn_wc

i
ofn
_EH
o))
e
)

—
o

J)
~K

125, /250, 500, 1000,

o ¢)

i 2Hd = o,

9]

2000, 4000Hzl o

oFzre] A

al

o)
5

Hed &2 vz gl A A

i

™
=4

]

AWAN Eol A7

el

05

N

FA1 71

o

)

XA

oF

<
oy
;Of
ol
ofn

N
B/

o

=3
"o

K

o
m
Jmo

i
o
o
~N
ol

B!

o0
~A

X

ojn

0
H

: RT60)
e &

Al ZF(Reverberation Time

gdo] 60 dB 74

o}
H

op

o))
S

_10_



4) 29 49

op

ER R

"
N

o)
op
fvze]

X
wjr

BJ

EEN

A5

)

=

o
B
el

Nfo

of
A
w
N

Ho
Mo

B

(Proportion)

H] &

o4 %

u}

sgHoR

]
o

o
<

—
o

N

T
o))
NF

T
<

bA o] A&

sk A
= L

KR
T

® @

5) &4 (Acoustical Image)

vze)
w
il

junt

B!

—
o

!

oy
oo
2

Plo

7 o] Uit

i

o1 A]

Al e

Pl

lo®
op

kA

gl

ol
%0
ofn

!
Ul
G

iy

)l

—
o

~

7o) 919

AT,

Computer

2ol

2.99}

AgEre] ke v A

o
=

Simulation

ARN SRS by RATNDISE

RAVNOISE - GEOMETRICAL ACOUSTICS MODELING

-1



213 44+ &%

W olelgt A+ 1950 W) Beranek L.L.7F A3 4 - o]&4 o= FWH9stA Al
%38k o] % Marshall A.H., Schroeder M.R., Barron M., Jordan V.L. 5ol &3}
ALEHoZ Ao grom FHToe T SFaRE ARHoR Hrlste
ol AAs L

Hawkes R.J. ¢ Douglas M.H.(1971)& AWl ko] Fa Q0 Hrtol A ekt
(Reverberance), #& ¢ (Evenness), ¥ % (Intimacy) o] W3 45 #d4S f
B3l o™, Barron M.(1971)2 =W o g R E o Z7] WHAFS o] &3Fo Azt
(Spatial Impression)® 7FHA & 3} (Correlation)el] 1] x| &= S A ¥ st x5
Y. Yamaguchi K.(1972)= #2A Ao w2 S&Fg o] A4 zfolE EA4st,
I Ao Y9 FxE FA R (Multi Dimensional Scaling Method)S # &3l F
A A= 989 tE Schroeder M.R. 9 Gottlob D.,

o5 axsh 94 B4

i)

Siebrasse K.f.(1974) 52 f+9H¢ 227 94 =8 S A4S Dummy Head
& I5sto] Al g &% (Preference) 9t &34 5409 e vEA S A56H%

1 o] % Jordan V.L:(1981)2 ZkaFA|zt3 =9 § 3} (Lateral Efficiency), ™ &4
(Clarity), 28]31 %7172 A ZH(Early Decay Time)e] F34 S w & 233

EAy Agase AzAAAHE FHsAT. Vorlander M.9F Kuttruff H.(1985)

= = A I | © Rl
A-Fureko]l %7] wHALS oY A ¥](Seitenschall Grad)E o] 43 ATFZARES W3
stk ¥ Ando Y.(1985)% =34 54 7h2dl AR, SobdE, 2] 9}

9 ATE FPshh

ool ol ZF thEA Ee YT AAAETY HUF #ee A

_12_



g

el

59

ER

pzs

HUth=

3} 7|

FeldoE 9

el
To
e
!
o]

o
N

i
-

el

-
ol

el

B

_z.ﬁo
)
o

G
oV
o

=

o0

ﬁo

wA}

QR 27

ol

©

wFNAA AA A

Beranek LL.7} 7w& &

[e)

yu

3

A
9] # A 7k} (Initial Time Decay Gap)9t Sabined] ¢

o
=

E
=

3} 7]

27 g1

N

‘_|_7|O

o

-

ol
e

08

o

el
~
Mo

o

Folth, aglx

(¢]

o,
71E9 AWl sFA ol At

A

foiz
=

}oj of

[¢)

g AlE el s

]

K

1 9]

c

1

°
pal

9]

17]
3

[¢)
6]

B

——
o

ah

ﬂw_wO

JJo

TO
ojn
el
To
il
X
wmo
ofn
~ZTV
el

o

nE
IH
%0
ur
KM
100
olm
__AI.

N

e

—_
N
P o . P
N =) N o N
P W | o= T
& T = |9 T
= = e |w| 2 |e
o
Be =3 N 0 Mo
< = r- o
=
meo
W s N o
TO a “WE —~ ze]
aﬁ Tl o x R %,w
- <n X ° Y
ol op B N | NE
[ * kP o
To° ,WE ~ X mo OME Hlm.lﬂ erﬂ
O@D N _ni bain _AE —~— T ‘7|L
A R o R Doy X
op =2 Mo
1& o B N |
N - oV | ~
XE ofn N -
X ~
N
~ ™ N
5! by < (ny
~ %) To° ~
Be o w

_13_




214 A +F B7HAA

=X A2 (Sound Path)

(1) fradtalS-9 A AAZHA (Delay Time Gap)

1985d Sabine W.C.<> Fogg Art Museum®| 2 &7fAol g AA oA zHekA]
Zholl 3t Hzxo o2& FHT o]F AL AFelA FIFAFERE of

4eo ZHE RAHE 2/ WAS] SFBAS BYRE FLB WEYS w

] W o},
Beranek Y Sukharovskii IM., Hass H. 5°] &9 3492 =2& A s =
AAAY FHAAQA S AFgsd Ao oA, AHSES FEA BAs = v

Aol AANE B0ms7k 1 AdAlH, T SGAFE AR Hit F
AE &9 dB AAFES al7) Wk 29 FWHL =7 ES e So|

TASERE 80ms AE AA" WALEe B ZAHE s gEH. aseR g5

gt ok &, wa 7t HAe] E=detE HRAFS o] Wk (Echo)S Y074 $HE=
Aol Je S A Ysko]of .

WALE O] A APAE A Fo] mde § wAbFol mdE w7 o AIRHA
2 Ao, 27| AAANIAHEDT: Early. Decay Time):= ZF RFAFH] ¢35}
Egy e FEMAS AR T HAGAZY AE Vst e n Aststel AES
T Sl

A AA 2 Delay Time Gap)= 718k Szl osto] 24 &3 vbAL

o AYE AT 5 (A-25)0 sto] AL = gl

N

DTG:(LT E)XIOOOO[ | o (A -25)
c O sec SR

_14_



o] 7] ol A,
AFS-9] A A A7} [ms]

N
2
dlo
B=)
Jo
fols
&3

DTG (Delay Time Gap)
D HEALE 9] AE [m]

Lyt AA&e Ag [m]

O 28 2102 WAL o] A ddEdE TFAIEE Aol

First reflected

T
e L

e ey . : zound
R MIREEER
snund—_h':@

o X|od@d et

=

Ijo

a2 210 HHAL

(2) &g (SPL : Sound. Pressure Level)

) WAL Bl FuA =7 AEE WAL WEEE

—_—

rot
B

&
A AR obUe WA SUABE FAF Wolth,

fB4

Veneclasen P.S.

_15_



Ao o

~
No

o)
ojn
e
N
el
ofn

)|

(4-26)

SAAY A weh FEH o Aol
& glrh,

[ei3
=

tol AAE?

©

oNA & H7HA

EIVERT

(

-2.6)° ¢
22 [dB]

o] =97 % [dB]

472 [m]

Sk
Al
Al
Q
4rr
ok
H

CER
e

2] 7b A E o

171
o] 7] ol A,

3+l

SPL= PWL+ 10log (

Q

A

4

op

A A4 (Room Constant)

R :

o

ofn
I

ce

ojn
I

al

&0 At

4

bol o Fojx m

S

g]

7 ol

2ol

CEEE %
o}

49

IR

e

ojn
No
o)
5

~N

(A-2.7)

+ 9
_16_

fai3
=

bo 74k

©

Q

°] 8

=
=

-2.7)

Al
&

(

[e]

j=}
AL:1010g(1+107(LI*LZ)/lo)[dB]..............................................

29



] [dB]

4 B

H]—

R

o] 7] ol A,

I
2) A3 A (Reverberation Time)

B

e
ojn

Nr

3ol

Sabine W.C.ol 9]
74 W ol 2041 7]

=

~
ﬂo

!

NI
il

o)

g

ol

&

zel

e
oo
o]
~~

=
=

SR

oAt a8

=
=

207 o}

R
.

].

o

22

el
o°
ojn

<

,_.mo
2

71 24 (Live. Room)ol A=

o e A4

AAEG A oA dd.

2l (Dead Room)oll A =

N
T

A
G|

A7ko)

o0

2

s

& A (Image

5

OO]

WAL

to] Eyring C.F.

0

_th

171

Source) o &

o

L

[e]

=

-

24

Fo] Sabine?]

Fge) 93

thi

ol

39k

4
of

el

(#]-2.8)

o

N

el

(4-28)

-17 -

-5 log.(1—a)
o 87 [m]

]

o] 7ol A,



£
i
dlo
f
N
of
2
2
o
i
=)
ol
Bl
i
rr

<
N
%,
filo
T
of

3to] Eyring?l #+d24S 243 2 o] Knudsen V.0.¥ Harris C.M.°l
o5kl A etd (2-2.9)0] T},

o7l A, F719 FLol o3t 3L Ay
Knudsen®} Harrise] Ao o3t A AT, 59 28 211> FH3IFA|HY
MdE& 7FA18Fsko] G ERE A o] T}

— A2

a2l 211 ZTHekA|ZF (Reverberation Time; RT60)

A ZA 72 (Optimum Reverberation Time) 7} F a5 W 9ol A9 2k

A ZE AWl M o] AAely A5 ada FHANA Edes AH =

_18_



~
o

o
B

3) 237+ (Reverberance)

el
JvNO
)
T

N2

o]
T
i
Mo

ze)
-

ﬁo

(Reverberance)©] 2}

o7k

4r

o))
or
ofn

65
o

B

o

o

ok

el A

-
ﬂ

A

o
op

1l

o

2] A ZHEDT : Early Decay Time)
vl a4

1

i

I

7

=

FAIZHRT : Reverberation Time)¥} 2|

olg} EelH, AuelA

ol

57|

bel Abg

o

713 E A ZEell vl =

" =

g

pZs

N

=

=2 7A4EA A

O =
=T

WAL

el 27

o|J

N
N

ol

,_.mo

i

o
——
o

w

)
)
sl

T
70
il
ﬁo
ofn

T
<0

N

3

X

ofn
o0

)

N

i
il
T
N
~
_UT
o)
ofn

2

el

=
T

A % 7+ (Liveness)o] gF =

Al

J

e

%ot

AAZ Aol A

o}t

KR
T

N

1

2] A ZH(EDT : Early Decay

ks

7]

N

ol
K
)
—

=
"o
oF

el
N_.o
!
o)
o
ofn

o}

<]
NI

[al

_—

o

Iy
o

o

Time) 3}

el
i~

o0

op

ol

_19_



]

o

o
-
ﬁ
N2

ojn

)

TR

ojn

R

¢

=

o
o
il

Ho

®
or
ojn
3

1o

e,

]
o]
2
T
o
SPL{dB)
! 0
=
]
i
ok}
A
=
o
SPL{dB)
_ o
=
=]
]
1]
%3]
=
e
SPL{dB)
_ o0
=
w

|
ol

2

of
__o;
o)

t

e

2k
(=1

20
= —

g 212 Aol A 2

: Definition)

=5 (Dso

v

"

o

op

Ho

a9

Speech 7}

f
L

olp

—~

;0\_
B

e
N
o°
op
o)
o
Nfo

SRR

o] n}

_#Og

F 2ol Al

3

A QA 7O

=y
ey
ol
o0

~

X
w

N

oy
Uy
ojy
,_._mo
&
£l
Iy
of
T
T

A
el

o

ujy
Np

o5 g 7]

T oA e},

w

Aok o

ki3

b7

o

24

ki3

o]

tU = Thiele R 1712 Definition(Dy,) ]

S

%9

29 A

34

o
F
el
NE

—_—

0
®
)

=

b9 ek,

S

=T

A

MR ANl 50msE 23

iy

Eu

s
olo
<]
A

)

%
M

oF
TR

)

oA

_20_



ol 88 foleh et AW L /WA DA YA}

Aotardrh. nyS Aoz mAFW thLel (2-2.1009 2.

#Fe AL Dy Aol w=Th AN AR D #S 30~40%, ol H,
oA 44 Dy, #*2 50~60% o°]t}.2)

) &4 A WaE (C, - Clarity)

H ] DS() %

«(#}-2.10)

%r 9] Definition ¥ /W34 FAFSHA T SAEZ A Sote] gk =& U
(o3

el 7] 98l W 8 =% 5 (Clarity Index)?! Gy, #t°l Reichart 5ol <] 3

% Dy, %9l 50ms M3 80msEr A ARk AR s = ool A= WAL

datsrg 2 AAHTY] "ol old sEAES FA du 2V A4 50
=g F £7] 80msolol =Edts &5 AASH 1 ofFel mEdE &£2 3
Fgor TFEY, g (H-21D¢ s A4
/‘8(]771;
=10 - e I 15 (21-2.11)

/m
80ms

2) AAg, ASSFEA, 2AEF ARAL, 2004

_21_



ote] MEEs v AstEHM G, 2 obF Z 59 #(dB)E ZA dd. 0dB

Cyp= z7lwollvuAx et gl yA7t 54 45 @4 Fv). Jordan &<

iy

PREE 1] AWM ol +2dBY Wl SEE Afs= o] wd

Zlskttal AQrstal dth Beranek2 HAA 3B FHEES

M
1
_0|L
32
£
D
&)
Mo
w
=
N
K=
o
=
12
2
o
Lo,
N
g:.‘i
o
22
v
o
=X o
rot
)
(o
fet
o
>
+

2 ATHIA AFEHe FE52 0~()4dBY R Hel, L8 B+eHe EF52 ()2

~2dBe] Mol EABTE AL U -9

6) =9 o= (RASTI)

Wawe AF FA Zdell AW WEA L4 oHEE et

sfst=7koll ek WrkAlFEA A543 2ZE Speech AF9 Y FHFAABE
Hrlet=d WS Fe3 A metm AT ¥ 4= SADA ST RASTI gte
HAE velle, RASTLE gholl @& A5 H7bA 5o Hes £ 220 e
kel 2o

¥ 22 SUEM ST RASTItS] ZHA
Quality Score RASTI
Bad < 0.32
Poor 0.321~0.45
Fair 0.45~0.60
Good 0.60~0.75
Excellent 0.75 <

_22_



J
A
o
ot
Lo
N
ofN
e
ot
o,
S

g7 | A T A F 3 F (Hz)
= 3 2] T
24 | /= | 125 | 250 | 500 | 1k 2k 4k
Abravanel RT T 12451229 | 218 | 213|186 | 1.55 19794
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¥ 34 53 e otg MER ESE
o 92 [Hz]
L | AR A 5 0
N 125 | 250 | 500 | 1000 | 2000 | 4000
Bl WOOD # =3 0.1 | 0.07 | 0.05 | 0.05 | 0.04 | 0.04
1?_
o A7 AR =3 0.02 | 0.03 | 0.04 | 0.04 | 0.05 | 0.07
_h?_
2 A AR = 0.02 | 0.03 | 0.04 | 0.04 | 0.05 | 0.07
Llas) Al FhsE 0.03 | 0.03 [-0.03 | 0.03 | 0.03 | 0.02
HA ik 0.14 | 0.11 | 0.1 | 0.06 | 0.05 | 0.05
LKl
(& 2) Heraklith 25T 0.06 | 0.13 | 0.24 | 045 | 0.82 | 0.64
2 A
MDE + 2§ 0.15 | 0.11 | 0.10 | 0.07 | 0.06 | 0.06
(HEAT)
A S48 714 92 015025 | 04 | 045 | 045 | 04
vl
A
A PR A A 0.25+70.4 7} 0.53 | 0.65 | 0.65 | 0.6
(WA A
X
A (FE) Heraklith 15T 0.18 | 0.13 | 0.24 | 0.45 | 0.82 | 0.64
44 AuR=9 A A
0.30 | 025 | 0.2 | 0.17 | 0.06 | 0.05
(REA) =
2 A 5 OPEN 0.10 | 0.20 | 0.30 | 0.40 | 0.50 | 0.70
T Ad WeE 0.06 | 0.13 | 0.10 | 0.10 | 0.10 | 0.10
A A 2 0.04 | 0.04 | 0.03 | 0.03 | 0.02 | 0.02
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Symphonie 01dB-Stell
PREAMPLIFIER 26AF 3SET
AN Fohs
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A Result of indoor finish change for the Acoustical

Improvement of Auditorium

by Oh, Song-hoon

Department of Architectural Engineering, Graduate School

Pukyong National University

Abstract

Jinhae Community Center opened in 1993, but main hall was constructed without
planing architectural acoustic characteristics. This study aimed possibility of
improvement of acoustic performance in multipurpose hall and getting reasonable
and scientific data for sound planing.

There are measures of computer program two times, before and after, to
compare improvement of acoustic performance by _interior finish change. The
sounds were measured at-llpoints-in the hall using non director speaker and noise
generator, and averaged the results. There were 3 measures; reverberation time,
music intelligibility and speech intelligibility, to check distribution of sounds, Sound
pressure level at each points and echo. Using computer simulation program,
RAYNOISE, the results were analyzed on music intelligibility(C,, Clarity) and
speech intelligibility(D,,, Definition) as basis data. Next is the results of

improvement of acoustic performance by interior fish change.

1) By the simulation, there are suitable measures in empty space and 500Hz ;

reverberation time was 1.9~2.1sec, music intelligibility(Cy,) was -2.0~2.0dB,
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speech intelligibility(Dy5,) was 30~35%. The music intelligibility is suitable for
playing a wind instrument, a classic music, a symphony orchestra. The speech
intelligibility is suitable as auditorium.

2) Before the change, in empty space and 500Hz reverberation time was 1.11sec,
music intelligibility (Cyy) was -1.0dB, speech intelligibility(Ds,) was 15%. it is
suitable for playing organ and a wind instrument in slow tempo. there is not
enough speech intelligibility for play and lecture.

3) After the change, in empty space and 500Hz reverberation time was 2.2sec,
music intelligibility (Cy,) was 0.1dB, speech intelligibility (Dy,) was 35%. The music
intelligibility is suitable for playing a wind instrument, a classic music, a
symphony orchestra. The speech intelligibility is suitable as auditorium.

4) These are improved acoustic performance in empty space and 500Hz.

Reverberation time was 1.09sec, music intelligibility(Cy,) was 1.1dB, speech
intelligibility (Dy,) was 20%. The improved measure is 200%. The in low

frequency was improved, but dropped in the high frequency, more than 3.15kHz.

There are methods for improvement of acoustic performance in high frequency.

According to this study, . constructed by planing - architectural acoustic
characteristics, interference —of echo was reduced by putting sound-absorbing
materials on ceiling and wall. It would be suitable place as auditorium by
increasing speech intelligibility and reverberation time. This study is useful as
basis data for improvement of acoustic performance in auditorium and construction
of multipurpose hall.

Last, before constructing and planning auditorium it need to plan suitable
acoustic absorptivity and reflexibility by computer simulation to get excellent

acoustic performance.
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