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ABSTRACT

This study is an evalution of acoustic performance in Play House and aims to propose a rational design program

through the checking of plan and acoustic evaluation in the Play House which is 1n the middle of accomplishment,

The results will be used in the final stage of construction,
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I . Introduction

For an efficient acoustic design, Examination
and pre-evalution about general building acoustics
should be preceded from the early stage of build-
ing design. The room size, volume, space ratio be-
tween stage andseat, selection of interior finishing
materials should be reflected in the acoustic
examination. Finally, the results will be used in
the last stage of acoustic evaluation after con-
struction,

This study is an evatuation of acoustic perform-
ance in Play House and aims to propose a rational

design program through the checking of plan and

*Department of Architectural engineering, Kyonggy Univ,

= Department ot Architectural engineering, Ulsan Univ.
= Department of Architectural engineering, Yonsei Univ.
*** [ndustrial Engineering Institute, Yonser Uniy,

Brdz:1992. 12, 7.

acoustic evaluation in the Play House which is tn
the middle of accomplishment. The resuits will be
used in the final stage of construction,

il . Acoustic Performance Evaiuation

2- 1. Evaluation Outline

The Play House is a stage for a wide variety of
drama performances. The auditiorium consists of
one main stalls level and one halcony. The both
sides of balcony are connected with a slope to the
stage level to achive an all-embracing relation-
ship with the stage. This arrangement will also
enable actors to expand their acting area into
audience seats on the stall and on the balcony
cultivating more close contact between actors

and audiences.
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Measurement of Play House 15 shown in Table
1. The plan and section of Play House are shown

in Figurel ~ Figure 3.

Table 1. Measurciment

Main stail : 498 Seat
Ist Balcony  :195 Seat

Seat capacity(N} Orchestra Pit : 42 Seat

Total : 735 Seat

Auditorium(Va) :4,502.46 M*

Main Stage 1 10.527.60 M*
Volume (V) Lateral Stage 1 2,250.0 M*
Rear Stage :3.038.0 MY
Totai : 15.815.6 M+
Surface Area(S) - 2,100 M*
Va /N .13 M+ /seat

L:20.0M, W 26.4M, H :13.3M

Max. size of Hall

! Main-L: 24 78M.W: 15.0M, 2 22.1M
clater=1715.0M, Wi 150M, H:0.0M
“Rear L:IR7SM.W:16.13M. H: 10.0M

Size of Stage

Orchestra Pit W:l45M, H: LI M

Procenium W:120M, H:75M

Main Stall : 392 47 M*
st Balcony : 187.8 M?

Floor Area(F) L
! Total : 580,27 M*

Main Stage :392.47 M~
Side Stage  : 2260 M2
Rear Stage 1 303.8 M*?

Stage Area
Orchestra Pit : 37 61 M¢

Total : 938.11 M?

Seat size 050 Mx1.0M —0.50 M

Figure 1. The main floor plan and measuring point

Figure 2. The 1st balcony floor plan and measuring

point
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Figure 3. The section of Play House

2-2. Evaluation contents and Methods

As the room shape was symmetry, The mea
suring point of each audience seat was selected to
be distributed evenly at all seats like Figure
1 ~Figure 2. That was established after consider-

ation of seat distance and room shape Sound

source was setted on the front side of stage. The
cvaluation method of acoustic performance fol
lowed the standard of [SO and ASTM.

The test was carried out at 1992, 5. 31.

The equipments usced in the test are as follows :
¢ Real-lime Frequency Analyzer Type 2133

* Sound Power Source Type 4205

« Microphone Preamphifier Type 2619

= Condensor Microphone Type 4165

» Sound Source Type 4224
B&K

Sound source used in test is pink noise and

controlled as 1 /1 octave band.



An Evaluation of Acoustic Performance in the Seoul Art Center Play House 67

Il. Results and Analyses

3-1. Sound Pressure Level and
Ray-Digram Analyses

The measuring points classified by position were
divided into main stall seats and balcony seats.
The test results of sound pressure levels are shown
in Table 2,

While the sound source power level on the stage
was 110dB. the mean sound pressure level on seats
was 93dB. So the difference of 17dB is shown,

Table 2. Sound pressure level distribution
at each seat (source 1)

Table 3. Sound pressure level attenuation value at each
seat {based on sound source power level)

Frequency - AP | AP,
(Hz) | 120 | D00 | 20001 (ipay | (Lin.)

| SOURCE LEVEL | %8 | 104 | 106 | 110 | 110
N Al 0| u|a9] 7 | 15
az|lmlas| 2| a8 | 16
A3
c1

MAIN
HALL

-1 -17 | 23 -21 -18
-16 | <16 | -18 -17 -16

C | 14-18]|-19 -19 -17

BALCONY | E1 | 16 | 16 | 22 | -19 | -8

E2 | a7 (6| 23| 20 | 19

E3 [-19| 18 | 2 21 -19

Freg. . AP, .
g | 8 1125 | 20 [ so0 f 100 | 2000 | 4000 | 8000 | o |Lan.
SL % |98 |9 |10¢|103]m06]100f 8 |10]110
v | AL T8 s w7 6 w6
NI LA A A AR
SRR AL LA R
N|A|T 8 |88 |8 [85[7 | 6f%|w
HIBL| 73|65 |8 |88 8 [83[77]6|%]|%
AlBe ||| s |y ||| e|s
L B3| 76 (8 |7 885 (83|78
LIB (||| ls|s|7|6| ole
AB| 7518 |83 |88 |87 |8 |77 |63 |91 |®
Cri7i |8 |8t|sr |8 |eofs 6695 |
B 67 |85 |8 ! s6 {86 (87|80 |63[ %%
Al'C oo |83 lssiar |87 |88 )8 |64 9
Lie(nsels|s|o|s|m|ala|s
Cle|le|la|wisi{s|8in|/alon|e
OlEsfes |7 |8t |s|u5 8|7 |60]%]a
N —
y | D[]8 |89 8 8|7 |6l {00
(TE | 69 287868 |B|62]0]|R
MEAN [ 72 |84 |83 | a7 i |77 |69

Mareaver, the difference of sound pressure level
between the average of the whole seats and each
seat was +1dB. It showed very even distribution
of sound pressure level. Mean sound pressure level
difference between the Ist row and the last row
seat showed very smali difference of 2~XIB at
main stall seat and 1~2dB at baicony seat.

- "value 15 attenuation value(dB) when the sound
source power level was eatablished as standard(()

The result of Ray-Digram analysis by checking
of plan, ceiling reflection from the sound source on
stage didn’t reach at 9—~11 row and 14~ 15row seat
in main stall,

Side wall reflection reflect mainly to the upper
part of audience seat, But the path difference be-
tween stage and the Ist row seat was relatively
short. So the distribution of sound pressure level is
no problem(Figure 4, Figure 5).

The result of Ray-Digram about acoustic
defects{Figure 6) shows that as the sound which
was reflected at the front panel of side balcony
traveled to stage, there is a possibility of produc-
ing an echo on the stage. So proper treatment is
needed to the front panel covering some kinds of
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Figure 4. Direct sound ray analysis
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Figure 6. Checking of echo by reflection in the front
panel of side balcony

absorption or diffusion material.

3-2. Reverberation Time and Interior
Finishing Materials

When thc reverberation time was tested, the
surface of the Play House was exposed as concrete
or wooden panel, Because interior finishing is not
completed. So the main goal of the test was not to
evaluate reverberation time but to analyze acoustic
defect based on attenuation property.

The result of the test shows that mean reverber-
ation time of the Play House was 3.75 second at
500Hz and the attenuation increased as frequency
incresed. But at 125Hz, the reverberation hme was
relatively short{Table 4).

A result of calculation obtained hy establishing

the target reverberation time as l.1second s

Tabie 4. Real test value of reverberation time at each
seat

) 63Hz | 125Hz | 250Hz | 500Hz | 1000Hz | 2000Hz | 4000Hz | 8000Hz
A) 342 (377|395 (3.76 | 3.46 | 2. 5.4 2.03|1.23
A2 [4.46 354 (369 352|313 2.45 1.88 1 1.13
A3 [4.40|3.88 [4.001 | 3.61 | 3.24 | 2.41 | 1.87 1,25“

Bl [594 1450 (4.72] 3.87 [ 353 | 2.72 | 2.00 | 1L.26

B2 | 502387423377 | 324 | 246 | 1.86 | 1.21
B3 13931456)4.1413.60 337 |245|1.92 ) 1.32

AB [4.534.0214.12|3.69 | 3.33 | 251 | 1.93 | 1.23
Cl [4.75 (418 [430]3.76 | 3.24 | 217 | L.17 | 1.15

€2 |4.63 (357 (404 378}13.05|2.17 | 1.62 | 1.10

(D1 | - |01 (440385 | 325 032|176 [ 117
me | - [337|a30|371 [320] 225|171 | 100
E1 [ 266 413023302 [ 342|258 {195 | 15
Bz | - [ea|381] 38 324|260 [ 194 | 124

E3 | 6.89(3.84[3.65(3.79 355|240 1.84 ] 1.33
CDE | 4,98 [3.93|4.11{3.80 | 3.29 | 207 | .79 | 1.19

ABCDE | 4.76 13,98 [4.12 | 3.75 [ 3.31 | 2.29 | 1.86 | L.21

shown in Table 5. At this point, all parts, except
the rear wall and floor which needs absorption

treatment, were finished with wood.
IV. Conclusion

This paper presents a development plan for the
acoustic property of Seoul Art Center Play House
which 15 under construction, Initial construction
drawings are studied and acoustic measurements
are made at the construction site,

The results of pre-evaluation based on the
drawings and acoustic measurements revealed no
major defects. However, due to the limited exam-
ination and dewviations in sound absorption rate of
finishing materials, partial problems may arise
after the construction and this some degree of
modifications may be required.

Also, when the construction is finished, physi-
cal acoustic evaluation as well as subjective
evaluation based on questionaire for acoustic
experts, musical directors, instrumental players,

and audience, may be required for proper re-
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Table 5. Calculation of reverberation time

950Hz | SO0Hz | 1000Hz Lzmom 4000H2_|
Freq. e [ S
a | aS | a|aS LaS a | aS
Al 066 |281] 08 |2m4] | 272 07 | 266
F1 [arz 07 |66 081 | 239 08 | 2974 | 078 | 2636
Al3 E.n %0.1| 688 | 297.4 3 3143 | 0.8 | 2873
2 | R 08¢ | 76 | 607 | 133 1.4 | 007 | 133
e TR i e o Bl e e
F3 | RI 004 [138¢] 0.07 {2.422] 02 06 [ 2076 | 007 [2.422
Fi | A6 035 |4069] 0.4 | 465 65| 04 | 465
FW | RI 004 [38.14] 0.07 |66.74 | 006 |57.21 | 006 |57.21 | 0.07 66,74
RW | ASC 0.84 8338 ] 088 [92.58] 011 | 747 [ 0.58 [ 61.02] 059 [62.07
Cl|Rl| ¢ 004 |20.37] 0.07 3739 ] 0.06 | 3205 | 0.06 ] 32.05 | 0.07 [37.39
AR | A7 - -1 = - [oos{135 0007|315 |0 | %
SUM | 5] 0165 {4206 [ 0.2 5203 ] 023 o214 [0.015 | 487.4 [0.006 | 465
Up- . 1.567 121 1231 139 1401
Occupied | Mean | 218 | 153 | um [ s [ 1w [ 0w
%) | Te-we 18 |
Occupied | Mean | 1994 e | e | oue [ o | 1
Q%) 1 Tanowm LIS
(Note)
F1 Seat F2 Aisle
F3 Orchestra Pit F4 Procemum Opening
FW Side Wall RW Rear Wail
C1 Ceiling AIR Air Absorption

Absorption Ratio
125Hz 250Hz $00Hz 1KHz 2KHz 4KHz

Al-1 Upholestered Seats(Unoccufied) 0.49 066 080 0.88 082 0.70
Al—2 Upholestered Seats(50% Occu,) 055 070 084 092 088 078
Al~3Upholestered Seats(100% Occu.) | 0,60 0,74 0.88 0.96 093 0.85

Rl Woeden Panel on Concrete 0.4 0.04 0.07 006 0.06 0.07
A6 Procemum Openings 0.03 035 040 040 0.40 0.40
ASC Aluminum board (Perforated) 0.03 084 088 0.71 058 059
A7 Air ] - - = 0.003 0.007 0.02
adjustment, Acoustic Performance in Kwang Ju Auditerium,
1950.1.
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