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Abstract

This study was aimed at finding the guidelines for the improvement of sound acoustics of
30 classrooms in the International Language Building, Thammasat University, Rangsit Campus. These
classrooms are used for foreign language instruction, where communication is an important part of
the learning process. Only 3 sound quality indexes were focused, namely, the background noise
level (BNL), the reverberation time (RT), and the sound transmission class (STC) based on the ANSI
$12.60-2010/Part 1 methods and criteria. The results showed that the reverberation time (RT) of
the sample classroom did not pass the standard criteria, although its interior has been finished and
installed with sound-absorbing material at the back wall. Improvement of classroom acoustics,
therefore, should be done by installing additional sound-absorbing materials above the perforated
gypsum ceiling. The outcome of the installation can be validated by the relevant equation.
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Table 1 Standard of each sound quality index based on David Egan standard and ANSI S12.60-

2010/Partl
i Standard
Classroom sound quality index
Egan ANSI S12.60
ANABITUNIUNUNES (Background Noise Level; BNL) 38-42 dBA 35 dBA / 55 dBC
ANITEETIDUNDIUBNLEBS (Reverberation Times; RT) 0.6-1.3 s 0.6s
AU ULERaURNLY (Sound Transmission Class; STC) a0 a5
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Figure 1 The International Language Building (Visit Aksorn Building)
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Figure 2 Research methodology and procedures
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Table 2 Details of 4 interior wall materials (prior to interior finishing)

Wall Area Detail
Side 1 30 m? Brick and mortar wall of 30 m?
Side 2 24 m? Brick and mortar wall of 18.20 m?

Plywood walls of 4.17 m’

Clear glass mullion window of 1.63 m”

Side 3 30 m? Brick and mortar wall of 30 m?

Side 4 24 m? Brick and mortar wall of 11.35 m?

Clear glass windows of 12.65 m”
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Figure 3 Preliminary classroom acoustic investigation
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Table 3 Details of 4 interior wall materials (after finishing)

Wall Area Detail
Side 1 30 m? Brick and mortar wall of 8.4 m?
Plywood over laminated wall of 7.2 m®
Glass Kote 14.4 of m?
Side 2 24 m? Brick and mortar wall of 10.84 m’
Plywood door of 4.17 m’
Clear glass mullion window of 1.63 m”
Clear Glass Kote 7.36 m’
Side 3 30 m? Brick and mortar wall of 18.24 m’
Wall lined with sound-absorbing material of 11.76 m?
Side 4 24 m? Brick and mortar wall of 11.35 m’
Vertical light-adjusting curtain of 12.65 m?
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Figure 4 Interior finishing materials of Side 1
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Figure 5 Interior finishing materials of Side 2
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Figure 6 Interior finishing materials of Side 3
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Figure 7 Interior finishing materials of Side 4
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Figure 8 Smooth gypsum board and perforated gypsum board ceilings

Table 4 Sound-absorbing coefficients of classroom interior materials after finishing
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Installation Sound-absorbing coefficient (a) at each
Remark
Items surface frequency
(Source)
(m?) 500 Hz 1,000 Hz 2,000 Hz
Rubber tile floor 80.00 0.03 0.03 0.03 Egan, 1988
Brick and mortar wall 48.83 0.02 0.03 0.04 Egan, 1988
Wall lined with sound- 11.76 0.86 0.94 0.84 Manufacturer
absorbing material
Plywood wall over laminate 7.20 0.10 0.08 0.06 Egan, 1988
board
Clear Glass Kote 22.76 0.18 0.12 0.07 Egan, 1988
Gypsum board ceiling 37.00 0.05 0.04 0.07 Egan, 1988
(smooth)
Gypsum board ceiling 43.00 0.30 0.30 0.30 Manufacturer
(perforated)
Plywood door 4.17 0.17 0.09 0.10 Egan, 1988
Clear glass mullion window 1.63 0.18 0.12 0.07 Egan, 1988
Vertical light-adjusting 12.65 0.15 0.40 0.50 Egan, 1988
curtain
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Figure 9 Acoustics measuring devices
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position of the background noise level measuring device on the classroom plan
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Figure 11 Installation positions of reverberation measuring devices on the classroom plan
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Mnmsnaass levihnsTardsssunuitungs 2 nsdl Ae Tnvnziitaniosuiueine uayavns
ATnn3osUsuoinie wui wdsnsanusdaniely Sandessuniufiundsiedualewiiiu 30.04 uas 46.84
TunsaiiUauaziUnndosusuonnia audsu wasiiddsssuniuiiundsindiuadiviniu 46.87 uay 54.11
Tunsdiitanazawdesusuannia audeu faandunssd 5 Swmifeduate Tunsafidanisssu
91m# Sy 46.84 ndiuate TaunasinasgIu ANSI $12.60-2010/Part 1 fiflAndsssuniufiunds
WAy 35 WagLuale

Table 5 Comparison of background noise levels (BNL) after interior finishing with ANSI $12.60-2010

standard
Background noise level (BNL)
Detail
Decibel A Decibel C
ANSI S12.60-2010
Standard 35 dBA 55 dBC
Air-conditioner Air-conditioner Air-conditioner Air-conditioner
turned off turned on turned off turned on
After finishing 30.04 dBA 46.84 dBA 46.87 dBC 54.11 dBC

3.2 NAN1INARBINTTIAAINTTELTioUABIvR Y (RT)
NNINARD LN IMAaeduFULUUNMIATINAINGLNS WardINNTInA193e lnsiinaluusiag
Msvnaed fad
3.2.1 NSAUINAINNSEEYIDUN DB EIINEUNT
INAIAUIUNILANNTVRIEITU (Sabin’s equation) laAnsagviouneswedsdluioana
AnusneTuWingy 0.81 0.78 wag 0.72 Fun?t fianui 500 1,000 way 2,000 Hz madey sawanslunnsiei
6 Bedislalsiuinauriannsgiu ANSI $12.60-2010/Part 1 Aifdnsagviouiasweadeuyiniu 0.60 Jund
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Table 6 Comparison of reverberation times after interior finishing with ANSI $12.60-2010 standard

Items Reverberation time at each frequency (Second)
500 Hz 1,000 Hz 2,000 Hz
ANSI S12.60-2010 0.60 s 0.60 s 0.60 s
Standard
After finishing 0.81s 0.78 s 0.72 s

3.2.2 MyinAINsaEisunoIvendes

MnMsmseinetinnieieamsaiades 3 dumis uasuvasiudadeannsgiu 2 § fanmw
il 12 lfFmsasioutosondsduusazauiivanun 6 i wazeiads fwned 7 nefeedsmsasiion
foweadeduvioaioundmnudinieluiiu 0.88 0.83 uag 0.76 Junit fimwd 500 1,000 uaz 2,000
Hz udsy edslalinunnsiinnsgiu ANSI $12.60-2010 fislensazvieurtosweadsasintu 0.60 Junfi

Table 7 Reverberation time (RT) measured at each position after interior finishing

Loudspeaker Position of Reverberation time at each frequency (Second)
position measuring device 500 Hz 1,000 Hz 2,000 Hz

Position R1 0.82 0.80 0.77

Position S1 Position R2 0.92 0.86 0.76

Position R3 0.94 0.81 0.82

Position R1 0.81 0.89 0.74

Position S2 Position R2 0.88 0.85 0.76

Position R3 0.91 0.76 0.72

Mean 0.88 0.83 0.76

Figure 12 Pictures showing reverberation measuring operation
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-
4. N15AUT18NE
= = 14 = aa 6 o 3 v 1 1 = dy o

INMSANBIRUNNINGFewiBATEUlueATIAY) SN 3 i nud Adessuniuitumg
(BNL) H1u31015§7U 8ntIu Aldeesuniuiundinndiuae vasdanissuiueinia 35e19nanlaineses
YSuanmedaduanudenssussuu Wuwraandadessuniunundanialunes wazidugdanaiseiiedaly
NNBENKULLAEARAY drurINasviouiaavandes (RT) fanldiuunsgiuninausazraanisanusanislu

| o o A 3 ) a & X a a & A o

wazAINTUpaiuAsIweINTTe (STC) TAMNUNMINNINTFIU FI9N51991 8 V9Tl S1eawtdeanNSRnAwATEIUSY
p1MAkazrangTanaduidsanuinandlunng 13

Table 8 Three indexes of International Language Building classroom acoustics

ANSI S12.60-2010 standard criteria
Detail
BNL RT STC
Before finishing N/A Not pass Pass
Decibel A Decibel C
After finishing Not pass Pass Not pass Pass

Figure 13 Air conditioner positions and sound-absorbing material installation after interior

finishing

Tunsnaiarnsasieufewosdosteusazndannunsnisly WewmadilsunSeudioutuny
1 viamsanusianielu fensareutesesdesanas daiflndifesrunsgumnntu uadslsdiinost
1NAIFIU ANSI $12.60-2010/Part 1 Tagensasvioufosaadesiiniud 500 Hz ﬁmmaﬁqm 599911 U
1,000 Hz wawfinad 2,000 Hz ﬁmﬁaaﬁqm a3t 9

dlothaArnsasteutoweadesiildanmsmuniazmsnsataadanSoudiousy wuiei
Igannseuadiandilndamdilaainnisnsatngss fm1sed 10 Tneramsvosmildiimanumadies
0.07 3unfl Fdlsidswaronssuimademoayed viondnldimanmasunlummaaesiimiuuiug,
wavanunsadedold
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Table 9  Comparison of reverberation times (RT) before and after finishing with ANSI $12.60-2010

standard
Detall Reverberation time at each frequency (Second)
500 Hz 1,000 Hz 2,000 Hz
ANSI S12.60-2010 standard 0.60 s 0.60 s 0.60 s
Before finishing 1.67 s 1.15s 1.16 s
After finishing 0.88 s 0.83s 0.76 s
Difference between before and 0.79 s 0.32s 0.40 s
after finishing

Table 10 Comparison of reverberation times (RT) from calculation and measurement

Reverberation time at each frequency (Second)

Source of reverberation time

500 Hz 1,000 Hz 2,000 Hz
From calculation 0.81s 0.78 s 0.72 s
From measurement 0.88 s 0.83 s 0.76 s
Difference of RT between calculation 0.07 s 0.05 s 0.04 s
and measurement

v
5. UaLduaLue
9NNan153e ziuldinAnisazviouissendes meluieassueiniAugdnysialiniu

o

NOAIEIU ANSI S12.60-2010/Part 1 Faarsvinisusudslinunaeiannsgiu :nnnsene dangadu
Weoaadn wudi dheuduagsiannslureaseudnand asiiussdnsamnisgaduidesnavuiiefinaasiy

a
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Table 11 Sound-absorbing coefficients of perforated gypsum board and with fiber glass

Sound-absorbing coefficient (0l) at each frequency
Material
500 Hz 1,000 Hz 2,000 Hz
Perforated gypsum board
With fiber glass 0.72 0.60 0.49

INNAIINNTNAGRITIGU WU NISAUINAINTaETiouRewandes IA1lndifgaiua1inass
Fohmasuumansaseutosmendes lunsdiifndmuulonfundofhmauiuduaggiudy e
PO ML AN Ee R WL CRLRIE: Rl b

HAIINMIATIN Amsazoufamendsmdsindeunileufmilethinauags fdanasriiy
0.59 0.62 uaz 0.67 W9t MAMA 500 1,000 waE 2,000 Hz MUY wanslumsned 12 wail mmﬁizq
Liluwnnsgnu ANSI $12.60-2010/Part 1 Fidnnisagvieuneswaadeswnnseteosly 0.1 3undl Tidodnen
sanadulumuainsgiu
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Table 12 Reverberation times (RT) after installation of fiber glass above the ceiling and ANSI $12.60-
2010 standard

- Reverberation time at each frequency (Second)
500 Hz 1,000 Hz 2,000 Hz
ANSI $12.60-2010 standard 0.60+0.1 s 0.60+0.1 s 0.60+0.1 s
After installation of fiber glass above
the perforated gypsum ceiling 059 s 0.62s 0.67 s
Outcome Pass Pass Pass

Tunsdl Ssanunsandmagula msfassauuloufuniethinauiuduueinagg awdmalien
nsazvioufesweudssiunasiumIgI ANSI $12.60-2010/Part 1 Gwndlasenisazthnanisidevies
etreinan i dusumsiudssfesFeuniviaszments 30 fosnelueinsidugdnus fifoue
wazdnwaynsmenlndifsatuseld elivessoulaunmidssianyay

dnFuAuadivalovesdessuniuiunds (BND) fiusnasgu unamnaindesnisiaes
wpUSUDMATsAndcluoaieu fideSsdnvuasiiauauumemsinduaiossuetnia fitisanides
sumutuvdsmeluvessou (Long, 2006) TnemsinsadasUsuomeliusnalomaiu meusnviosseou
uaziiuiedneaslumieaSeu dsnmil 14

vioswauiu
(Supply)

a v v v o
NAURUTNDY nadeu

Figure 14 Guideline for air-conditioner installation that reduces background noise level
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