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The Measurements and Evaluations on the Configurations of Absorptive
and Diffusing Treatments in Classrooms using a Scale Model
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Abstract

The present study examines the effects of periodic type diffusers for producing the preferred acoustics for speech and

determines the more successful configurations of sound-absorbing and diffusing treatments for achieving good acoustics in

classrooms. The measurements were carried out in a 1/10 scale model classroom systematically adding diffusers to one or more

of four surfaces of the room. A total of 13 combination of diffusers with absorptive treatments were investigated. Adding

diffusers on the ceiling were more effective to increasing the early-arriving reflection energy(Gso) than adding absorptive

materials on the entire ceiling. The late arriving reflection energy(Giae) Was decreased with increasing amounts of diffusing

treatments of upper front or rear wall and this resulted in achieving higher early-to-late ratios(Cso). Adding diffusers on the upper

front wall(ACi100DUFWs) achieved more uniform acoustical conditions over the receiver positions than adding diffusers on the

rear  wall(ACipoDURW»). Adding diffusers on

upper

the ceiling and absorptive materials on the

lower front

wall(AC7sDCsALFWa6) achieved better acoustical conditions than adding the absorptive materials on the entire ceiling and lower

front wall(AC 0ALFW).

ANGE B, WALF, Z7AS, FANAL, AolYRE, &9 A7)
Keywords : diffuser, classroom acoustics, early-arriving reflections, later-arriving reflections, clarity, sound strength
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Figure 1. Dimensions of the model classroom, R: receiver, unit: mm
(a2 1. s4ngmAle Mg, R £2%, o

24, =2l mm)

Figure 2. Periodic type diffusers, cross sections, unit: mm
(O™ 2. gitxlle] el o M =, 22 mm).
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Figure 3. Model classroom showing 13 different room treatments
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Table 1. The areas and absorbing and diffusing materials added for each
of the 13 configurations of the model classroom
(Z 1. 137}x] mASex=Zof| HEE ESet iAol M| %]

U HH)
EELE] Fou, SAEA,
1. 3%
ACi0 51.04 -
AC#DCos 38.28 12.76
AC5DCso 25.52 2552
2. A% A9 WA
ACi100DUFWo5 51.04 135
ACi100DURW24 51.04 135
AC7DCosDUFWag 38.28 26.26
3. A4 k9 =i
ACi100DLFWy4 51.04 135
AC100ALRW 2 64.54 -
AC#DCosDLEFWos 38.28 26.26
AC#5DCosALFWog 52.68 12.76
P
ACi100DSWag 51.04 14.4
AC7DCasDSWag 38.28 27.16
AC100ASWog 65.44 -
oA Bg o4 o
A Absorbing F Front
D Diffusing R Rear
C Ceiling U Upper
W Wall L Lower
- - S Side

2.2 24
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[}
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TeHe SAEolE 474 15met 1L2melth BE 5744
& 9™ AAAE (critical distance)E He AHS
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A ZAsAY 284 AR WS k) F
23 ZEA ZHreverberation times, Ta), 7|74 AI7F

—

early decay times, EDT), do™ & Z(clarity, Cx), L8
1 29 A7](sound strength, GE 5= 4319tk
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|
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4) J.S. Bradley: Speech intelligibility studies in classrooms. J.
Acoust. Soc. Am. 80(1936) 846-854.

5) J.S. Bradley, R. Reich and S.G. Norcross: A just noticeable
difference in Csp for Speech. Applied Acoustics 58(1999)
99-108.
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Table 2. Acoustical parameters for three treatments of the classroom ceiling

(£ 2. M&o| E3xliet 4t vixlof wE Setx[Eo| #H3l)
& &4 % (500-4kHz)
AAzA Ts, | EDT, | Cs, Gso, | Guate,
s S dB dB dB G, dB
Mean | 0.93 0.68 3.3 -1.7 -5.0 0.0
ACio0
s.d. 0.05 0.08 1.6 2.3 0.7 1.8
. Mean | 0.92 0.75 2.4 -1.2 -3.6 0.8
ACsDCos
s.d. 0.03 0.09 15 2.4 1.0 1.9
Mean | 0.93 0.79 2.0 -0.5 -25 1.7
ACs0DCso
s.d. 0.03 0.08 1.2 2.2 1.0 1.8

3 Mean? sd.= 47 Fd RE2AAE UERY.

6) T.T. Cox, W.J. Davies and Y.W. Lam: The sensitivity of
listeners to early sound field changes in auditoria. Acustica
79(1993) 27-41.
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Table 3. Acoustical parameters for three treatments of the classroom
ceiling and upper wall
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Table 4. Acoustical parameters for four treatments of the classroom ceiling
and lower wall(E 4. MZ& =z} 59 wwo| EFxiet 4ok ulijx|=Ziol
o2 Sex|Eel w3}

& &4 % (500-4kHz)
ARz Tso, |EDT,| Cso, | Gso, | Grate, | G,
s s dB | dB dB | dB

Mean| 068 | 058 | 41 | -16 | -5.7 | -0.1
ACi100DUF W2 -

sd. [ 002 | 005]| 1.6 2.1 0.9 1.8

Mean| 0.71 | 061 | 3.8 | -16 | 54 | 0.0
AC100DURW

sd. ] 0.02 | 008 | 1.8 24 0.6 1.9

Mean| 070 | 064 | 35 | -1.3 | -48 | 0.3
AC#5EDCosDUF W

sd. [ 001 | 004 ]| 1.6 2.3 0.8 19
A3 Mean® sd.e Z44 Bdd FUAE e
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4 %4 % (500-4kHz)
AxzA Tso, |EDT,| Cso, | Gso, | Guate, | G,
S S dB | dB | dB | dB
Mean| 067 | 059 | 3.8 | -1.7 | -55 | -0.2
ACi100DLF W6
sd. [ 002005 14 1.7 0.5 14
Mean| 068 | 057 | 44 | -1.1 | 55| 0.3
AC10ALF Wy
sd. 1002004 | 14 1.7 04 14
. Mean| 0.71 | 062 | 33 | 04 | -37 | 14
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sd. [ 002|007 | 18 2.6 1.0 2.1
Mean| 0.70 | 0.57 | 4.2 02 | 40| 1.7
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Table 5. Acoustical parameters for three treatments of the classroom ceiling

and side wall(E 5. &zt Z4io| Ao} &AitA| uix[=Z1of| o
SEx| x| HH3})
2-&A] %(500-4kHz)
@Li]}—ﬁ T30, EDTy CSOy G:SOy Glatey G,

S s dB dB dB dB

Mean| 0.87 | 058 | 40 | -1.5| -55 | 0.0

N
@ o
,_/909
}
N
2 |e
N
Am/&
IN ¢
"“r’ 7 b ]
-0

ACi100DSWag
sd. [ 004 | 008 | 1.8 2.0 0.6 16
Mean| 087 | 067 | 31 | 03| -34| 15
AC5EDCxDSWog 1 2 3 35 15 2 3
sd. | 0.04]0.07| 1.3 29 1.6 2.5 Width, m Width, m
Mean| 0.86 | 0.56 45 -14 | -59 0.0 (a) AC100 (b) AC75DC25DLFW26
ACi100ASWg
sd. [ 005009 | 1.9 2.8 1.0 2.4
3 Meand} sd& 27t B s EFARLE vheby. U L e
6] E 6]
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Figure 4. Contours of the Ty values at 1kHz for four different room configurations
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Figure 5. Contours of the Cs values at 1kHz for four different room configurations
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