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Requirements for low frequency reverberation characteristics
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Abstract: Reverberation characteristics in rooms are currently under question: What should its spectrum look like?
How about low frequencies? Could the same frequency characteristics fit both, music and speech? Acousticians are,
since long, at odds about these questions! Most standards limit their requirements only down to 125 Hz, may flat below
250 Hz for speech, but with a bass rise for music. This paper concentrates on the understanding that both speech and
music containing considerable energy at the lower frequencies. This may excite the eigenresonances of smaller rooms
in the form of standing waves and booming modes. In larger halls the superposition of the direct with the early reflect-
ed waves may cause destructive interferences when the wave path difference is of the order of a wave length. The result-
ing muddy sounds are always causing detrimental masking effect on the mid and high frequency sound which defines
intelligibility of speech and clarity of music. Damping these interference effects requires the installation of broadband
absorbers efficient down to the 63 Hz octave, thus avoiding a bass rise in reverberation if at all possible. A number of
existing as well as newly retrofitted halls and rooms in Germany prove the validity of the author’s innovative acoustical
layout concept.

Key words: intelligibility; clarity; masking effect; wave interference

0 5l &5

B4, TR BRSNS = N R
PR, — R BRT 125~4 000 Hz B, £
BTG E H Xt 500 Hz, B{ 500~1 000 Hz $2 H %
Ko WM KN PARAE, BB HTE 125~250

ks HHA: 2016-05-03; f&[ HEA: 2016-07-20
TEE RN : AT E(1939—), L, WLHUN N, Bz, B 07 W N 2.
BIREE: E %, E-mail: zhaxueqin-berlin@t-online.de

Hz WA IEIRME A . RZ2HAWAFILINA: K0
BRI [ R Z Lh b . A B K g, B SRR
B AR R B, B EEM NS
EHZEA R 1T RN EFAEDLE, FIREWI
WERIT S AORIRE) I B HE AT B K. ARPEIRATIT
SR TAENAR, BoEFHR. HEHMR
7 35 [E .0 #p 2> (American Psychological Asso-
ciation) 4% & ¢ PMMB ) (Psychomusicology :
Music, Mind, & Brain) K # F i 44 70 (Leo
Beranek)f) 11 % 1) (2014 4 9 H 15 H)ZZ&4E]



436 PR

(2015 4E56 3 W) EoRE"Y . EEE T SR
I (AR5 NZ E T Bl “ARIR”, ROz M4 5
BIs: e ME R ERAFSE, FIHN
BB T HEE R E ¥ 5.

T A O [ B b LA AN 2D S I ABT VR i B[] 4
PEAR_ BT, (H E A E AR £ AR
O AL R F AR B, RARECE, A N ERX
FERIREMESS . Bln: GB/T50356-2005(J13%,
HL 5 Bt 1 22 Y J T 8 A 0 7 2 10T E)PTRT UG
57-2000, J 67-2001(Jll37 8 S &1 HE ) i SR
HHLE AR EFRIECE . T GB 50099- 2011(H
INEFAG AT RO, MIAE 5.8.6 &k, HAET
TR BCE TV PR, S5 T S TV S SR O 7
Hiii. GB 50118- 2010( R & il #ive), 78
534 AP ERHAE, BEERAENEE,
WHEEHIE T 500~1 000 Hz IR A] . X EeH)
YK Z #A T ARSI R R N % BT, BT S
AT MIFRFEH 125~250 Hz $ii . A EAMNE X%
FIVE AR KR R E -

1 XHEF @ ER

D NINTg: BB, S ] ) K
PRI, MRITCHEAE . WalEi, 500,
1000 Hz DA ERIEBCA /& F 2005 ARYE N E-r i
FEE () A e e M it 4, ARG A9 I R ORE L R s A
i WHA R RAEE =D, Reilg 100 Hz LA R
1.1 EERESR S

VB HH S A (1) 2 AR A B SRR 500
Hz ULbo B 152 1932 B amR(CUFELSFRE,
Knudsen)"'%5 H AR VL 7E 63~8 000 Hz [ “Hfr
X7 B BN, X AT R R vk AR A
) 7 A4 B2 K2 500~8 000 Hz Yl .
o BOMAE T 0] B AR R S R E . IX
JE T SIS 2 0T 2 I B AR R AN AT ) 4 R
Z TR, BH I R S R
ARSI .

WG, R (Fasold)(2003 4F)%5 Hin & 2
iR WO S LSRR . B s
£ 63 Hz WA EHUIAMMK. X2 P IER S iT4h
o 2012 F, B KF S DS 8 1 1 3 40
TPV AT, 4 R DO 3 1 T R
(Wl 3 From) s BEREEFIXAE 160~315 Hzo
W] LAEE R 63 Hz (A X BRI A e, A5
2 000 Hz 14,

i N 2016 4F
160 T
140 ‘
120 - W o
= 100 !
E\% 80
e TR A
M.@\\ g
40 ‘ >
20 \\ax
0 | ﬂlyﬁ\'--._.__,_/
63 125 250 500 1k 2k 4k 8k
fHz
S — e,
i T

1 Wr s XA A2 A
Fig.1 Illustration of frequency regimes with different relevance for the
intelligibility of speech according to Fasold et al. 2003

20 T
10 g
=V, |
RIEEERRN
HE. 20—~ \\\

30
63 125 250 500 1k 2k 4k 8k 16k
JfHz
B2 B s
Fig.2 Averaged spectrum of normal male (thick) and female (thin line)
speech according to Fasold et al. 2003

PETTv
Mo i

TN
N

10 dB,
S
o

I

N
N

N

63 125 250 500 1k 2k 4k 8k 16k
fHz

3 Wb
Fig.3 Averaged spectrum of sound power density of
Chinese speech[g].

12 R R A X FR

FERRON s N W B AE 52 T I0A5 5 ik
(i AT (). B 4 RIS S5 EINNAE S
] B4R T s e MRS S R E B AR
FEM B W R 2 10 dB, TEZHERUE 5 THn,
JE A5 5 B B 52N 26 dB, s 2T B
Jt7 16 dB, WFKHERZN 16 dB.



5

EEER AR AR AR 437

ot ot ot et bt [ NI NI D D D

{55/ /dB
(] SN No Yo oTar] 6 ¥ Ne Yo oTan] W6 N Mo ¥o T an)

1Y i
ANZ I
(EHFH) (M)
{1 ) £ e 1
Bl 4 HEROE ENALE S 1 B3I 16 dB RIEIRECN 16 dB
Fig.4 Example of how a masker signal may shift the hearing threshold
of a test signal by 16 dB according to Gelfand 2004

SZJiEi

100

| =250 Hz|,
80 30
60
2 SRR
& 100
| J/=1000 Hz |
£ ol 100 |
40} .
20F
0 .
100 250 5001k2k4k8k 250 5001k2k4k 8k

fiHz

Bl s 5 250~2000 Hz, 20A 20~80 dB /% 100 dB Fftsi "
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