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Improvement of classroom acoustic environment in

hot summer and warm winter area based on multi-factor fusion

FAN Jingyi, CAI Yangsheng, CHEN Yongle, ZHU Xiaoyin, ZHANG Yang
(School of Architecture and Planning, Fujian University of Technology, Fuzhou 350118, China)

Abstract: In order to address the problem that the acoustic environment in the classroom is generally below
the standard, the feasibility of improving the acoustic environment by combining volume and acoustic design is
explored under the premise of meeting the design requirements of lighting, ventilation and fire prevention
through field measurement of reverberation time of different classrooms. It is found that it is hard for the
reverberation time of classrooms with larger volume to meet the standard. However, unfolding classroom
curtains, installing high fire-resistant sound-absorbing materials ( such as perforated aluminum plates) on the
classroom ceiling and back wall, or using a ceiling design with a flush beam bottom to reduce the volume of the
classroom can bring the reverberation time closer to the standard requirements, thereby improving the acoustic
environment. In the optimization of the acoustic environment of classrooms in hot summer and warm winter
areas, it is recommended to strictly control the volume of new classrooms, and measures such as ceiling
renovation, curtain utilization and sound-absorbing material arrangement can be used to improve the acoustic
environment in existing classrooms.
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Tab.1 Specifications of reverberation time in different countries and organizations

ER/HE EEEARES AL AR R B B RT/s
T EEY .
T TN 500~1 000 Hz s
[ GB 50118-2010 BT SRR P B L T <0.8( V<200 m*)
<1.0 (V>200 m®)
Acoustical Performance Criteria, =,
£ ANSI/ASA Desien Reaui 1 Cuid 500~2 000 Hz <0.6 (V<283 m*)
t: - <0. =
512.60-2010 .651gn equirements, and Guide Tty m
lines for Schools—Part 1: Perm <0.7 (283<V<566 m*)
e Building Bulletin Acoustic design of schools: per- 500~2 000 Hz <0.6(4hJLEE /M)
93(2015) formance standards P <0.8( H%)
. Arrété du 25 relatif a la limitation du bruit dans ~ 500~2 000 Hz  0.4~0.8 (V<250 m®)
avril 2003 les etablissements d’enseignement S 0.6~1.2 (V>250 m®)
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Fig.1 Scene photos of classroom A
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Fig.2 Sound source and measuring point positions

FEUR SR 24 AWA 5510 1 A4 75 2%
FE KR NTI M2230 =45 75 2%, MR, 3



5513 BESUIR, GF T 2 N B R G AC IR s DX P PR A 63

P T YRGB M 1.5 m, 2 T KSR
FERUE N IR A 1.2 m, RAIE N2
A Divac T 302 45 W A5 25 3 B3 T ok e o
VAR SN T Y A =R &= A A e 2 I ]
AN R T P RRCIR 45, #5400 H o B2 R & e
IEE A E = N4

HRHE (28 FE 9 AE B MLTE ) (GB50189 -
2015) " | (B R O B BR ME) (GB50033 -
2013) ISR B8 -5 AT P A B8 URR 8 R
) (GB55015-2021) ') X 4 41 Fr Ak 1% 3 A4
PR L X (0 27 A LT A R T e SR A
R RCHRUEA RAL T RO MG R ehr
{8, MR IG R SR E RBCR AR T 3.0% , E K
SR IR AN A T 4501x; 1 5% 1 AR LA /N T 0.4
FE HEWEABRREBAMNGE, W EEA
W7 1 R 1) 22 LI R R e LA DR PR A
I BH A5 A 38 = = o AL RL 2 5 Sl BE A
FF— 2 BIFE B P B0 23 s RE B vy L A RO, T
FHUARS 2 TR MR s ]

VB8 ], B A e sl S e T8 V8 T 44
A Y A 2 2 R ) A I B DA B WL B
FERTF A S PR B, I B E =N
S B T H AR AR 1 RO LA K B s HiAth 2 %
TR B AL R (138 43 s | BROK B B S G ARIE
2 AREIE A28 I 7 5 R U A T b &= Ak
NGOG S A B FEE XTI Y 4, X SR A2
PEATRRPS38E BH , AR 1R B2

3 HEFRFMNELR

T B I RZOG T N s A X
T AE—E FEEE b AT S W 5 BR T 3 fin 205 1Y
WP e, DTN 280 % 1) P PR 58 7 A REUR 1) e 3 4
Fo 20 A e T 18 G -1 A5 i e 1) g ¢
P = 5 Je I 7 A At DR 25T 1% T e s (1] 45 SR
mk 2 &3 PR,

AU JCI R A MIGA & R, BE A 1R
M s ] 48 K, HE 500~ 1 000 Hz #5149 T o sk ]
SEREHS I T AR 1.0 s, Hir 125 Hz 19
TR A A ] B 2R3 T 2.1 s, 5 500~ 1 000 Hz #5i Bt
PPPEEZ R 1.4, X 55 CBR[3][ 6] 4
IR —F, B A TR e Bsf [) 2 R PG 28 25 0 5 6 Wl
JE 5 R i A 4 T [ JER A7 10 B R LR
()75 R A R

F2 HEAVTHXA-THMB” THIE M B &
Tab.2 Reverberation time of classroom A under “doors

and windows closed and curtains side-folded”
N[ESIR (Hz) T iR [E]/
125 250 500 1 000

IS

2 000 4 000

R1 2.11 1.31 1.40 1.57 .52  1.47
R2 1.69 1.45 1.39 1.51 1.60  1.49
R3 1.71 1.45 1.35 1.55 1.64 1.48
R4 2.23 1.51 1.53 1.59 1.60  1.46
R5 2.14 1.51 1.37 1.56 1.60  1.49
R6 2.24 1.42 1.39 1.50 1.61 1.48
R7 2.24 1.49 1.43 1.56 1.61 1.49
R8 2.18 1.30 1.45 1.49 1.61 1.46
R9 2.11 1.34 1.52 1.56 1.60  1.48

FH 213 1.42 1.42 1.54 1.60 1.48
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Tab.3 Reverberation time of classroom A under “doors

and windows closed and curtains unfolded”
AR (Hz) T A TR IR B/
125 250 500 1 000

S

N

2 000 4 000

R1 1.86 1.27 1.19 1.15 1.17  1.15
R2 1.74 1.31 1.11 1.13 .22 1.07
R3 1.93 1.38 1.19 1.20 1.18 1.12
R4 1.89 1.34 1.26 1.13 1.15  1.11
R5 1.95 1.32 1.11 1.10 1.18  1.07
R6 1.88 1.41 1.23 1.14 1.18 1.09
R7 2.45 1.27 1.17 1.16 1.14  1.07
R8 1.93 1.17 1.24 1.14 .22 1.12

R9 2.17 1.17 1.26 1.17 1.24  1.13

Ty 198 1.29 1.19 1.15 1.19 1.10
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Tab.4 Common reference indexes of various classrooms in

public teaching buildings in colleges and universities

ey ffﬁm;ﬁ/ S
30~40 Nf/N#E 1.80~1.50  6.50x9.60 3.60
50~60 NAY/NEE 1.50~1.40  7.80x10.80 3.90
80~90 ARy # =  1.30~1.20 8.40x13.20 3.90
100~ 120 A #E 1.20~1.10  12.00x12.60 4.20

150~ 180 AMIMMBR#ZE  1.10~1.00
240~250 AMIBTEE#E=E 1.00~0.90
300~360 ARIMERZ 0.90

12.30x15.30 4.50
13.70x21.00 4.80

15.00%20.00 5.40
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Tab.5 Absorption coefficient of sound-absorbing

materials and structures

W AW (Hz) T RN ]/
Bt 125 250 500 1000 2 000 4 000
AW AR 046 0.85 090 0.78 0.53 0.51
R4 4 0.08 0.13 0.36 0.83 070 —
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