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Precision measurement of the reverberant sound absorption coefficient has always been
drawing attentions in the history of architectural acoustics. In Europe and North America,
the round robin tests were carried out repeatedly to standardize the method of measurement.
Results of these investigations were collected in the ISO Recommendations or ASTM Standars.
However, it seems that some essential problems remain unsolved, such as diffusivity
in the reverberation room, edge effect of test materials and so on.

In Japan, the 3rd round robin test was carried out from 1965 to 1966 by the cooperation
of 13 research laboratories. Details of reverberation rooms used for this round robin are
shown in table 1. Glasswool board (50 mm thick, 25 kg/m®) was used as test materials. Test
areas and the number of suspended diffusing plates were varied in nearly the same manner
as in the European round robin (1959). Other specifications of measurement conformed to
the 1SO Recommendation R 354. Test results are illustrated in Fig.10 Fig.7. Deviations
of measured absorption coefficient have been pursued for these two years.

In general, measurement of sound absorption coefficient in a reverberation room assumes
a diffuse sound field in the room. Diffusivity in a room is connected with the room volume,
room shape, various diffusers put in the room, area of test materials and so on. Among
these factors, the room volume would have influence mainly upon the diffusivity in the low
frequency region. Test materials used in this investigation have relatively small absorption
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coefficient in low frequencies and it would be inadequate to discuss the requisite volume
of reverberation room only through this investigation. Thus, the primary obhect of this
research was to obtain the diffuse conditions in the middle and high frequency region.

In the European round robin test, the diffuse condition in a room was specified by the
ratio of the total area of suspended diffuse plates to the floor area of the room. However,
this specification does not determine uniquely the sound field for different shapes or
volumes of rooms. It would be desirable to introduce the index of diffusivity which can
be measured directly in the room. Various methods and quantities have been proposed,
such as fine structures of decay curves, directional disribution of sound energy, cross
correlation in the sound field and so on.

Through preliminary inbestigations, elevational diffusivity or ratio of horizontal to
vertical mean energy during decay process was adopted for the evaluation of the sound field.
So far as measurement of the absorption coefficient is concerned, it was concluded that the
diffusivity in the reverberation room is sufficient, if the ratio of horizontal to vertical

mean energy during decay process is less than 3.0 (Fig. 14).

From the measurement of this ratio, the sound fiedls of all the rooms shown in Table 1

(except 13) could be regarded as of the same order of diffusivity, when the total area of

suspended diffusing plates in each room attains about 80 percent of the floor area of the

room.

Important factors in the disagreement of the absorption coefficients in the 3rd round

robin test would have to be sought in other items.
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Table1l Details of the Reverberation Rooms used for this Investigation.

Surface Materials and
Laboratories Volume | = . Floor Areg Interior Finish unit size of
(m°) (m?) (m’) Diffusing plate
1 Kobayashi Inst. of 513 382 730 Polished concrete Hard fibre board
Phys. Res. (No. 1) (0.91mx 1.82m)
2. Toyo Univ. 279 253 492 Ceramic tile Hard fibre board
(0.91x 1.82)
3. Building Res. Inst. 248 228 437 Polished concrete Hard fibre board
(0.91x 1.82)
4. Inst. of Sci. and Tech 195 193 380 Mosaic tile Asbestos joint sheet
Univ. of Tokyo (1.2%x 2.4)
5. Nihon Univ. 169 183 338 Mosaic tile Hard fibre board
(0.91x 1.82)
6. Takenaka Tech. Res| 164 182 319 Floor and Wall: Ceramic tile Plastic sheet
Lab. Celing: Mortar (0.91x 1.82)
7. NHK Tech. Res. Lab 157 188 375 Mortar Painted Plastic sheet
. (0.91x 1.82)
8. Yokohama National 144 162 285 Mortar Hard fibre board
univ. (0.91x 1.82)
9. Kajima Inst. of Const| 149 173 330 Wall and Celing: Mortar Asbestos joint sheet
Tech. Floor: Mosaic tile (1.2x1.2)
10. Nippon Asbestos Co.| 13g 161 252 Mortar Asbestos joint sheet
) (1.2x1.2)
11. Kobe Univ. 130 152 228 Concrete painted Hard fibre board
, (0.91x 1.82)
12. Kobayashi Inst. of 120 148 24.0 Polished concrete Hard fibre board
Phys. Res. (No.2) (0.91x 1.82)
13. Tokyo Inst. of 74 | 111 218 Mortar painted Hard fibre board
Technology (0.91x 1.82)
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Table 2 Diffusing Conditions of Reverberation
Room for the 3rd Round Robin Test.

Condition (Total area of one side of diffuserﬂoo%
(Floor area of room)
a 120
b 80
c 40
d 0

Table 3 Area of Test Materials

Condition | Ar€a | Lengthx Width | (Perimeter length)
(m?) (m) (m) / (Area)
15 5.00 2.73x 183 183
2 6.70 3.66x 183 166
3-1 9.99 5.46x 183 147
3-1l 9.99 3.66%x 273 129
4 1340 366x 366 110
OoooOood
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Table 4 Division of Test Scheme.

Diffusing
conditior

Area
condition

0,0 (A)
15 0 (A,D)

0,0 (A)
0,0 (A, D)

0 (A, D)
0 (A)

0 (A,D)
0 (A)

0 (A, D)
o ®»)

0,0 (A)
0 (A,D)

0,0 (A)
0 (A, D)

0@ | O | 0@

4 0,0 (A)
0 (A,D)

Group: Room2, 4, 6, 12

0: 9, 10, 11, 12

0 1, 3, 5 7

O: 8
(A): Measurement of Absorption Coefficient
(D): Measurement of Diffusitivity
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Fig. 1 Results of the 3rd round robin test
Area condition: 1.5
Diffusing Condition: a
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Fig. 2 Results of the 3rd round robin test
Area Condition: 2
Diffusing Condition: a
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Fig. 3 Results of the 3rd round robin test

Area Condition: 3-1
Diffusing Condition: a
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Fig. 4 Results of the 3rd round robin test
Area Condition: 3-1I
Diffusing Condition: a
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Fig.5 Results of the 3rd round robin test
Area Condition: 4
Diffusing Condition: a
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Fig. 6 Results of the 3rd round robin test
Area Condition: 2
Diffusing Condition: d
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Fig. 7 Results of the 3rd round robin test
Area Condition: 3-1I
Diffusing Condition: d
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Fig. 8 Directional distribution of sound in a
reverberation room measured in stationary
(Lest) and transitional (Right) state with
various numbers of diffusing plates.

n : number of diffusing plate
d : directional diffusitivity
de : elevational diffusitibity of the averages
for each elevation angle energy
R;: ratio of horizontal to vertical mean
energy
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Fig. 9 Directional distribution of sound in a
reverberation room measured in various
transitional time after source is stopped.

t : transitional time after source is stopped
number of diffusing plates : (Left) 27, (Right)0
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Fig. 11 Rationof horizontal to vertical mean
energyﬁoa / Ego, measured in various positions
in a reverberation room.

3 --0 Reverberation room with a volume of
99rh , number of diffusing plates: 0

o Reverberation room with a volume of
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Table 5

volume of

field condition reverberation room

number of
diffusers

source

157m?

— T D KQ "o Q0O TwD

27 (120%)
18( 80%)
9( 40%)
3( 13%)
0( 0%)
" 0( 0%)
" 9( 80%)
5( 40%)
0( 0%)

5 cm speaker at the room corner

directional speaker at the wall
5 cm speaker at the room corner

( ) total area of diﬁuser§,<
' floor area

100(%)

test material : 5 cm thick glass fiber board (366 2.73 m) placed on the floor.
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Fig. 12 Relation between the elevational diffu -

sitivity of the averages for each elevation

angle energy d and the measured absorption

coefficienta .

a ~ g : field conditions (Table 5)

Fig. 12 ~ Fig. 14

o Area of test materials : 37.5m placed on
the wholed floor.

« Area of test materials : 10.6m placed on
the center of the floor.

Fig. 13 Relation between the ratio of hori-
zontal to vertical mean energy ~ and the
measured absorption coefficiemt
a ~ g : field conditions (Table 5)
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Fig. 14 Relation between the ratio of hori-
zontal to vertical mean energgy and the
measured absorption coefficiemt
a~ | : field conditions (Table 5)
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Fig. 15 Variation of the ratio of horizontal to
vertical mean energR, = E, / E,,  with the
numbers of diffusing plates.

o Reverberation Room with a volume of 157m
O Reverberation Room with a volume of 9m
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Fig. 16 Ratio of horizontal to vertical mean
energyR, = E, / E,, measured in different
reverberation room.
1~12 : Reference number of the reverberation

room shown in Table 1
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