SHE285H5|X| M35E MRS pp. 92~101 (2016)
The Journal of the Acoustical Society of Korea Vol.35, No.2 (2016) pISSN : 1225-4428
http://dx.doi.org/10.7776/ASK.2016.35.2.092 elSSN : 2287-3775

ofil WAIO| S JIE0I 2 ALK et

Interior surface treatment guidelines for classrooms according to
the acoustical performance criteria

—

E|:_|.I-I I:II'xI-XH %I_il-%

(Da-Jung Ryu, Chan-Jae Park, and Chan-Hoon HaanT)

E2rstn AEZst)

(Received September 3, 2015; revised October 21, 2015; accepted December 23, 2015)

£ B34 LA SISl he At A shiel okl 3] e 2 gk m ek At
e MHES] 3L ek, 2 S ALe) A1Folu 2] el Alo] 7o)l © ALASto] AN uF shol 4 4e
7S ARSRT) 2 ofelgS 21 ik webd £ Aol o 24 Al A S okl 1A S8

71 Wo 21 it AARLS A sk ek o] 91s) Sl 3 - st mAl g
7152 s Slo) BAF F2 E-LUAS ANSIGCh E8 A1) 2 1 510] oRgh ubhaefe] w2 AL
Agslol 49 A8 vl 24jsisieh 47 sk Fu) 2 W3] @A 71

S5E ol U
RE Shimol ] At S A E RS Ao ok A 712210858 U S gl Aow

TS @%SPQ HA O HlEo] F5-2 1 1 H ol5l= 2ol S
S 3FAFA) 7 1] A A 7T E-2-91 7499} v]<=gt T & %=[Cso, Dso, RASTI(Rapid Speech Transmission Index)] S &+
w34 ik

S0l ohn 1AL, SRS 71, FEA XA, WA, S, Qlol a2 e

L

epsdh 58], 24 o1 vio] vt
[e]

ABSTRACT: There are many results in which acoustical conditions of a classroom play an important role for
studying effects and academic achievement of students. However, there are very few guidelines or design
proposals which could make appropriate acoustic environment when classrooms are built or renovated. The
present study suggests various design proposals satisfying acoustic standards of classrooms based on theoretical
calculation and acoustic field experiments. At first, minimum area of sound absorption was calculated which is
required to satisfy the acoustic standard for domestic middle and high schools. Also, room acoustic measurements
were carried out in order to investigate the acoustic performance of an existing classroom by changing interior
finishing materials on ceiling and rear walls. As a result, it was revealed that reverberation time standard below
0.8 s can be acquired even if there is no sound absorption on ceiling which is a general practice executed in Korea.
Specially, it was found that if partial area of ceiling would be treated as reflective with the ratio of sound absorption
and reflection as 2:1, almost similar acoustic parameters of Cso, Dso, RASTI (Rapid Speech Transmission Index) and
higher sound levels could be acquired in comparison with the case of entire sound absorption on ceiling.

Keywords: Classroom, Interior acoustic criteria, Sound absorptive area, Reverberation time, Sound pressure level,

Speech intelligibility, Rapid speech transmission index
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Table 1. Architectural dimension of classroom investi—
gated.

Classification Standard Measured
classroom classroom
Length (L) 8.5m 83m
Width (W) 73 m 74 m
Height (H) 2.7m 2.6m
Volume (V) 167.5m’ 159.7 m’
Floor Space (F) 62.1 m’ 61.4m’
Number of seat (N) 32 seats 32 seats

(a) standard classroom (b) measured classroom

Fig. 1. 3-D shapes of standard classroom and a class—
room measured.
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Table 2. Simulation types.

(a) Cases for installment of sound absorptive or reflective materials on ceiling

Classification C-A C-R CH-1 CH-2 CH-3 CV-1

3-D Shape

30.34 m’
30.34 m’

absorption 60.68 m” 0 m’
reflection 0 60.68 m”

area

ratio o o
(absorb.: ablsgo t/i"on relf?eocﬁ/;n 1:1 2:1 1:1 2:1 1:1
reflect.) P

Simulation
undertaken O O © O O O O

Experiment o o

undertaken X O X o X

(b) Cases for installment of sound absorptive materials on rear wall

Classification RW-1 RW-2 RW-3 RW-4

3-D Shape

absorption area

Simulation O O O O

undertaken

Experiment o
undertaken
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Table 3. Sound absorption coefficient of finishing materials used in simulations.®'*'®
Sound absorption coefficient

Part Material Frequency (Hz)
125 250 500 1k 2k 4k
Front | Ciazed conerete and Black) o, 0.20 0.20 0.18 0.18 0.21

board
Right |\ indowand 0.01 0.01 0.01 0.02 0.02 0.02
Wall ‘Wooden Door

Left Window 0.18 0.06 0.04 0.03 0.02 0.02
Rear Glazed concrete 0.01 0.01 0.01 0.02 0.02 0.02
Polyester 50 mm 0.33 0.61 0.88 0.88 0.90 0.82
Ceiling Reflection |Gypsum board 0.12 0.09 0.07 0.05 0.05 0.04
Absorption |Mineral fiber board 0.01 0.12 0.47 0.70 0.71 0.64
Floor Concrete 0.01 0.01 0.01 0.02 0.02 0.02
Locker Wooden Panel 0.12 0.11 0.10 0.07 0.05 0.06
Desk Wooden desk & chair 0.12 0.11 0.10 0.07 0.05 0.06
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Impulse response Recording

Fig. 3. Set-up of background noise devices.
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Fig. 4. Pictures of the classroom with sound absorptive materials installed in different locations.

Table 4. The acoustic performance standards of the
Korea classroom (unoccupied state).

Acoustic performance

Classroom Background
; RT
noise level
Learning space
(Volume < 220 m’) 35dB(A) 0.8 s*

* Average of reverberation time at midband frequency (500
Hz, 1 kHz)
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Table 5. Minimum area of sound absorption depending on the average sound absorption coefficient and height

of rooms

(a) recommended sound absorption area of standard classroom (b) recommended sound absorption area of other classrooms except

(RT=0.8 s, floor area: 62.05 m")

standard classroom (RT = 0.8 s)

Roon height H (m) Roon height H (m)
Average A*| 25 | 27 [ 29 | 31 [ 33 [ 35 AverageA*| 25 | 27 | 29 | 31 [ 33 | 35
sound absorption area (m’)** ratio of sound absorption area per floor area (%)**
0.40 55 61 67 74 80 86 0.40 88 98 108 118 129 139
0.45 49 54 60 65 71 76 0.45 78 87 96 105 114 123
0.50 44 49 54 59 64 69 0.50 71 79 87 95 103 | 111
0.55 40 44 49 53 58 63 0.55 64 72 79 86 93 101
0.60 37 41 45 49 53 57 0.60 59 66 72 79 86 92
0.65 34 38 41 45 49 53 0.65 54 61 67 73 79 85
0.70 31 35 38 42 46 49 0.70 50 56 62 68 73 79
0.75 29 33 36 39 43 46 0.75 47 52 58 63 69 74
0.80 27 31 34 37 40 43 0.80 44 49 54 59 64 69

* average sound absorption coefficient of materials used (average of 500 Hz, 1 kHz)

** Desks, lightings, locker, platform and screen are not included.
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Fig. 5. Measured acoustic parameters depending on the location of sound absorptive materials.
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