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Simulation and field measurement of the lateral energy
fraction in hall

WANG Hongwei*" ., ZHANG Long*
(a. School of Architecture; b. State Key Laboratory of Subtropical Building Science,
South China University of Technology, Guangzhou 510640, P.R.China )

Abstract: The lateral energy fraction in hall is an important objective factor of spatial impression, and it is usually
simulated by computer simulation. We first used MKH800 to measure the lateral energy fractions at the
corresponding positions of a real hall. Then, we established a 3D model of the hall with ODEON 6.5 to simulate the
lateral energy fractions at the receiving points. Finally, the simulated lateral energy fractions were compared with
the measured ones. The comparison results show that the simulation values are larger than the measured ones. The
deviation of the simulated values is small in the front part of the seating area, and it is large in the middle and back
part of the seating area in front of the stage. The reason for the deviation is that the diffusion coefficient of ODEON
is not related to the areas’ character, and the diffusion coefficient of each frequency band can not be separately
defined in this software. Therefore, in order to accurately predict the indoor acoustics, it is recommended to use
architectural acoustic scale model to measure lateral energy fractions.
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Fig.2 The experimental setup in an anechoic chamber
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Fig.3 The experimental setup in an anechoic chamber
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Table 1 Measured value of the early lateral energy fraction in 500 Hz

=¥ A €)) ©) 3 4 (5)
Sz 0.178 0.151 0.157 0.173 0.139
L (6) ) (8 (9 (10)
S 0.144 0.173 0.146 0.130 0.163

F®2 1 kHz &2 AL [6) 8 & F F S iME

Table 2 Measured value of the early lateral energy fraction in 1 kHz

RAL €)) 2 3 4 (5)
SENE 0.165 0.146 0.137 0.149 0.131
JE¥ A (6) ) (8 9 10)
S A 0.140 0.159 0.122 0.120 0.158
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Fig.4 The three-dimensional model in simulation Fig.5 Receivers in horizontal distribution
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Table 3 The absorption material in each interface

i E [ZEs 500 Hz 1 kHz
i T R 0.02 0.02
ol 4t MLS 4 itk 0.04 0.06
Ja bk el 0.72 0.78
I AT ke 0.01 0.02

Il AR 0.10 0.10
Wr AR 0.75 0.85
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Table 4 The simulation values of acoustic indexes

iR/ He EDT/s T30/s C80/dB D50
250 0.95 0.97 4.03 0.54
500 0.82 0.83 5.57 0.66
1 000 0.69 0.80 8.31 0.79
2 000 0.71 0.83 8.07 0.77

4 000 0.63 0.82 8.87 0.79
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Table 5 The measured values of acoustic indexes

B2 /Hz EDT/s T30/s C80/dB D50
250 0.67 1.03 7.28 0.71
500 0.76 0.98 7.47 0.75

1 000 0.69 0.88 7.67 0.73
2 000 0.72 0.93 7.41 0.71
4 000 0.66 0.81 7.93 0.74
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Table 6 The deviation between measured values and simulation values in 500 Hz

=¥ A (D (2 3 4 5
[EDLIEN 0.188 0.177 0.194 0.204 0.180
PIER%E 0.010 0.026 0.037 0.031 0.041

AL 6) ) ® 9 10)
FEHE 0.161 0.217 0.203 0.180 0.224
i EiR 2 0.017 0.044 0.057 0.050 0.061
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Table 7 The deviation between measured values and simulation values in 1 kHz

=¥ A ¢)) (2) 3 4 5
FE A 0.173 0.168 0.178 0.187 0.165
RS 0.008 0.022 0.041 0.038 0.034
=¥ A 6) ) ® €)) (10)
L AE 0.152 0.202 0.181 0.165 0.213
PR 0.012 0.043 0.059 0.045 0.055

204 5 0 32 A 00 i B PR (LA 0.2 R 0.3 Z VS, BRI IA Ay abb A 3 00 3 T AR 2 TR R SR . A
HAEER A5 .500 Hz I, B (4) L (7) L (8) L (10) By BB AE JL 1B Y5 Fl Z N 51 000 Hz I, ALEE IR (7)) |
(10D T f& PR 1B Pl o 445 5 03X A 1) T A3 P 260 0 30 TR 000 38 A o DXCASS 00 {1 35 3k 658 A 33X 3 4 [X 3 R 2 ik
B4Ry RO ) S G R s (AR AT S5 SRR XRTES (D) L (6) 5 B UE AR F b A A 2
TEXTEE A (D S0 5 6 1 kHz B 0152, B AR T H A & 05 5, L 2 ] s 2%

X L S RSB0 FL T 0 < e S DX (1) L (6) 5 500 22 55/ 0N o 1 LA S 45 SR W) 5 5 TE 6] 3 5 T O DX 3
{10 Hp I 22 5 K . 1 kHz B e KA 22 24 0,059, S 25 SR 7R 2 1 45 2 S0 0 17 ek DR 0 L (1 2 K s
fH. X— 2l T ODEON 6.5 fjj BLE Jo ik 45 FL 1 240 B i 9 8 R 50 o — Jr i i T 97 8RB it
SEBE T LA P AR BR R 1%, TR 9 BOR B0 RN 5 e TET )RR MR TE 56 . ARAlE ODEON ff F ST o 56 T HU R
B0 T T 3 TR R DA X R B 0.7 i /N B T U ER 0.1



132 TR XF FR % 39 %

4 % i

R HIXGE 1 MKH800 14 75 g 8 22 D BEJT N RF A2 07 B9 I 1) BE 6 [H 1, O 5 0 A5 R AT UL, WFE
LERRW - 25 md L5 AR T SR 38 JRS DX 0 O 22 52 /0N » T X B 5 AR R DX R R R SR 22 R AT
FESLEH . i T ODEON ${FA B 7770 Joy BRIV o (7 LA RAEAE IR 22 BOR . SR T B 560 ) 7 05 RE 08 B0 N
AT 200 1] BE 2 DR 3 0 2 P9 A U A LA BT E B0 S AR SE PR DA H P S
AR AT AT 2 3 D A SCSR P A4 RO 3 6 0 5t 2 4 0 1 o PR 1

S %3k

[ 1] 20T, Bt 0B 56 T 05 T K g Bz 1) T 52 35 BOPP A L) ], e AR S5 PR 0% T AR, 2005, 27(1) - 23-25.
WANG Hongwei, WU Shuoxian, ZHAO Yuezhe, et al. Acoustic evaluation of the concert hall based on simulated
impulse responses [J]. Journal of Civil, Architectural & Environmental Engineering, 2005, 27(1); 23-25.(in Chinese)

L2 ] sk= 3 AR 0l S Bt 1 ZRHE . 2014(2) . 27-33.
ZHANG Sanming. Acoustical design of henan art center [J]. Entertainment Technology, 2014(2); 27-33. (in Chinese)

[ 3] %% E 2, KK b 18] P 5399 S 556 75 J i) 43 A1 11 75 58 06 0 1 [0 ] 2 4R . 2007, 26(3) :450-454.
JIANG Guorong. ZHU Chenghong. Measurement with sound intensity for directional distribution of early reflections in
rooms [ J]. Technical Acoustics, 2007, 26(3): 450-454. (in Chinese)

L4 ] BE07 W18 IRJT w5 B B 4 75 0 2 TSRy s i LT ] 75 24 R, 2002, 21(Z1) : 84-87.
MO Fangshuo. The effect of late reflections on spatial impression in concert halls [J]. Technical Acoustics, 2002, 21
(Z1) . 84-87. (in Chinese)

L5 ] AR RHE  TL T 45 KRBT G4 @ S 22 B O s A 5E L ). v s R i CB AR B 10 . 2011,47(2) 1 208-217.
LE Yi . ZHAO Qichang, SHEN Yong. etal. Study on the acoustic design of large auditoriums [J]. Journal of Nanjing
University (Natural Sciences) ,2011, 47(2): 208-217. (in Chinese)

L6 1 e, BUMR 7 A oppg 37 d 5 2 8L 1 AR b /2 57,2008, 26 (5) :69-73,
FENG Wenhua, HE Jiatian, WEI Pinghua. Acoustical Design of Central South Theater[ J]. Huazhong Architecture,
2008, 26(5): 69-73. (in Chinese)

[ 7 ] Daniel Protheroe, Bernard Guillemin, 3D impulse response measurements of spaces using an inexpensive microphone array [J].
Building Acoustics,2013, 20(2) . 141-156.

[ 8 ] Sakari Tervo, Teemu Korhonen, Tapio Lokki. Estimation of reflections from impulse responses[J]. Building Acoustics,
2011, 18(1): 159-174.

[ 9 ] A. Bassuet. New acoustical parameters and visualization techniques to analyze the spatial distribution of sound in music
spaces[ J ]. Building Acoustics, 2011,18(3/4): 329-347.

[10] Marshall AH. A note on the importance of room cross-section in concert halls[J]. Journal of Sound and Vibration,1967,
5(1) . 100-112.

[11] Barron M. The subjective effects of the first reflection in concert halls-the need for lateral reflections [J] . Journal of Sound
and Vibration,1971(15): 475-494,

[12] A. Abdou , R. W. Guy. Spatial information of sound fields for room-acoustics evaluation and diagnosis [J] . Journal of the
acoustical society of America,1996, 100(5): 3215-3226.

[13] M. Kuster, D. de Vries, E. M. Hulsebos, etal. Acoustic imaging in enclosed spaces: Analysis of room geometry

modifications on the impulse response [J]. Journal of the acoustical society of America, 2004(116); 2126-2137.

(4 E4P)



