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BURACHAT VIRIYA : ASTUDY AND DEVELOPMENT OF NOISE
REDUCTION MATERIALS FROM INDUSTRIAL WASTE AND
BITUMEN FOR TRAFFIC NOISE REDUCTION. THESIS ADVISOR :

WUT DANKITTIKUL, D. Eng., 100 PP.

NOISE BARRIER/ INDUSTRIAL WASTE/ SOUND ABSORPTION COEFFICIENT/

NOISE REDUCTION COEFFICIENT/ SOUND TRANSMISSION LOSS

Presently, the problem of traffic noise pollution has become increasingly
widespread. While the use of noise protection material for traffic noise barrier is
introduced, the matters of its high cost and its short life span are a growing concern.
Therefore, the primary purpose of the present study is to develop effective noise
protection materials with low investment cost by using the mixtures of bitumen and
other industrial wastes -fragmented banknote, bagasse fly ash, and coal fly ash.
According to the measurements of Sound Absorption Coefficient, Noise Reduction
Coefficient (NRC), Transmission Loss (TL) of ASTM C384-98 and ASTM E90-97,
and the compressive resistant capacity of the mixing materials, the study revealed that
the mixture of fragmented banknote and bitumen had membrane mechanism and the
bagasse fly ash and coal fly ash mixed with bitumen had porous absorber mechanism.
While the NRC of these three mixing materials with the thickness of 2.5 cm. were
0.52-0.57, 0.36-0.46, and 0.31-0.39, respectively; the TL ranges were 19.6-27.7 dBA,
19.2-27.7 dBA, and 19.7-26.5 dBA, respectively. Also, in case that the thickness of
the mixing materials was 5 cm. and the NRC was more than 0.4, the TL ranges were

22.1-30.6 dBA, 20.9-31.5 dBA, and 22.6-30.6 dBA, respectively.



While all three mixing materials were classified as noise absorption materials
with high and medium efficiencies, the study revealed that they could resist the
compression more than the suggested standard at 1.5 kN and also were shielded from
the issue of heavy metal contamination in the environment. While the recyclable uses
of these three industrial wastes -fragmented banknote, bagasse fly ash, and coal fly
ash- were at 11.4, 0.001 and 0.001 percents of totals, respectively; the findings of the
present study were expected to use for developing an industrial prototype of noise

protection materials for traffic noise barrier.
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M135197 2.4 auauianiuniiidiaoen 111 (Chemical Characteristics of Coal Fly Ash)

Content (% by weight)

Na,0 | MgO | ALO, Si0, | K,0 | CaO | TiO, | MnO | Fe,0,

0.36 1.89 25.15 51.17 2.73 5.82 0.69 0.067 8.57
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A1519%N 2.5 ﬂmﬁuﬁaﬂNLﬂﬁLﬁ}m@ﬂ‘mué}ﬂﬂ (Chemical characteristics of Bagasse fly ash)

Content (% by weight)

Na,0 | MgO | ALO, | SiO, | P,O, | SO, | Cl |K,0 | CaO | TiO, | MnO | Fe,0, | CuO

3

089 | 1.74 | 137 | 5196 | 1.11 | 0.11 | 0.03 | 1.32 | 7.26 | 0.10 | 0.10 | 0.82 0.01
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M13197 2.6 BIAIZNOUIAZAMANTANIINENINYDUAYFUTIATA

Requirements
Property* Unit
Minimum Maximum

Fiber Composition % 100% Cotton Fiber
Grammage of paper g/rn2 78.85 87.15
Tear Strength

® (Cross Direction g 50 -

® Machine Direction g 50 -
Tensile Strength

® (Cross Direction kg/15 mm 4.5 -

®  Machine Direction kg/15 mm 9.5 -
Thickness micron 98 118
Wet Tensile Strength

® Cross Direction kg/15 mm 1.7 -

® Machine Direction kg/15 mm 33 -
3101 (IFH S UTATA)** UIN/kg 1.6 3.6
U5 (A FUTRTa)** kg 93,890 -

HULe - *  TAPPI Test Method: Technology Park, Atlanta, U.S.A,

#x 9)5e1laualszana w.a. 2547
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® dense 0-16 - - -
® porous 6-16 55 840 89
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Tun1ine Gauge Reading 81%111581uA1919057 AUAUHUTIZ1I19 Gauge Reading az
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A1519% 3.2 MANUTUAUTTENIN Gauge reading 1a& Load Tunueag g

Load kN Gauge Reading | Load kgf | Gauge Reading Load Ibf | Gauge Reading

0 0.0 0 0.0 0 0.0

3 114.8 300 112.5 675 114.9
4 154.2 400 151.2 900 154.3
6 231.8 600 227.3 1,350 232.0
8 309.2 800 303.2 1,800 309.4
10 386.8 1,000 379.4 2,250 387.2
12 466.1 1,200 457.1 2,700 466.5
16 623.1 1,600 611.1 3,600 623.6
20 783.1 2,000 767.9 4,500 783.7
24 941.4 2,400 923.2 5,400 942.2
28 1,100.8 2,800 1,079.5 6,300 1,101.8

7131 : ELE international limited, 1995
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msfAny1lszansamlunisgaduides (Absorption Coefficient,0l) azAINs gayide
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ASTM C384-98 : Standard Test Method for Impedance and Absorption of Acoustical Materials
by the Impedance Tube Method 8% ASTM E90-97 : Standard Test Method for Measurement of
Airborne Sound Transmission Loss of Building Partitions and Elements #14& 161

msAnguanianmenmuesigailesiudesssuniuainnmsesnsmunasgiu
ASTM D1559-98 : Standard Test Method for Resistance to Plastic Flow of Bituminous Mixture
using Marshall Apparatus

msananuiull1§lumamsamavesiaaiestudssainniseesiindan
Saqaysutiagd naudnmy §a31894 1: 1.45 AWK 5 em Selss@nsamlumsgady

IS 2N
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4.1.1 ﬂ'1ﬁ’uﬂszaﬂ‘émigﬂcﬁ’mﬁmmmmiuﬁ'aq (Absorption Coefficient,0l)

INHANITATIVTAAINNUAIAASVBINGINIUIT 84 (Standing Wave Ratio,

SWR) «T;uﬁﬂﬁﬁumﬂﬁlumaﬂﬁuﬁuﬂwﬁ(Impedance Tube) 1§01 1HANITNABDIFINA1I1

”3Lﬂ‘§1$ﬁﬁWf’hﬁluﬂixaﬂ‘ﬁ(ﬂﬁﬂﬂﬁfflmﬁm (Absorption Coefficient, O) nazmdulszansng

ANV (Noise Reduction Coefficient, NRC) UWan13 A3 Hauandluasan 4.1-4.3



i 4
A5 4.1 ﬂ?ﬁﬂﬂi%ﬁﬂ‘ﬁﬂﬁﬂﬂ“ﬁ‘mﬁ'ﬂﬂ FAUAHTUUATI NFUUNNU

A AUNUI 2.5 cm AUNUT 5.0 cm
(85N%, Hz) | 1:086 | 1:123 | 1:145 | 1:086 | 1:123 | 1:145
250 0.43 0.46 0.48 0.49 0.53 0.53
315 0.47 0.48 0.49 0.54 0.54 0.55
400 0.52 0.53 0.52 0.64 0.63 0.61
500 0.73 0.77 0.80 0.82 0.84 0.86
630 0.78 0.82 0.90 0.85 0.89 0.94
800 0.71 0.76 0.83 0.78 0.80 0.90
1,000 0.56 0.53 0.57 0.62 0.64 0.64
1,250 0.45 0.43 0.39 0.49 0.54 0.53
1,600 0.40 0.40 0.38 0.45 0.44 0.42
2,000 0.36 0.37 0.43 0.43 0.38 0.44
2,500 0.42 0.43 0.38 0.48 0.46 0.40
3,150 0.38 0.43 0.42 0.39 0.48 0.49
4,000 0.40 0.47 0.42 0.44 0.47 0.48
NRC 0.52 0.53 0.57 0.59 0.60 0.62
fiin : 1nIEmsTianeidoya Tuiadedt 3.4.1 naz 3.4.2
319 4.2 mdulseAnimagaduides ‘Eamﬁ’wa@ﬂismuﬁymm NIy
A AN 2.5 cm AUNUT 5.0 cm
(854, Hz) | 1:050 | 1:060 | 1:070 | 1:050 | 1:060 | 1:0.70
250 0.35 0.34 0.41 0.45 0.49 0.54
315 0.37 0.39 0.42 0.46 0.49 0.58
400 0.33 0.36 0.50 0.44 0.48 0.58
500 0.34 0.39 0.45 0.43 0.49 0.53
630 0.38 0.42 0.49 0.48 0.48 0.57
800 0.39 0.36 0.42 0.46 0.50 0.59
1,000 0.33 0.36 0.46 0.43 0.49 0.54
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M50 4.2 mdnlszansmagaduides Tagdiacs Tseunihmanauiinuu (fo)

AR AMUNUI 2.5 cm AWMU 5.0 cm
(18504, Hz) | 1:050 | 1:060 | 1:070 | 1:050 | 1:060 | 1:0.70
1,250 0.34 0.36 0.49 0.43 0.45 0.52
1,600 0.35 0.32 0.42 0.45 0.45 0.54
2,000 0.44 0.41 0.53 0.54 0.52 0.57
2,500 0.60 0.65 0.69 0.73 0.75 0.77
3,150 0.64 0.71 0.84 0.74 0.78 0.90
4,000 0.64 0.70 0.77 0.75 0.84 0.90
NRC 0.36 0.37 0.46 0.46 0.50 0.55
fiin : 1nIEmsdianeidoya Tuiaded 3.4.1 naz 3.4.2
1319 4.3 mdulsEanimagaduides TaqidaesTse ihdwiunaudnpn
AR AUNUI 2.5 cm AN 5.0 cm
(85NH, Hz) | 1:012 | 1:015 | 1:020 | 1:012 | 1:015 | 1:020
250 0.27 0.35 0.37 0.35 0.41 0.46
315 0.32 0.34 0.42 0.41 0.45 0.46
400 0.33 0.42 0.41 0.36 0.45 0.43
500 0.28 0.39 0.39 0.35 0.47 0.43
630 0.26 0.44 0.36 0.37 0.48 0.45
800 0.28 0.37 0.43 0.37 0.45 0.45
1,000 0.28 0.43 0.37 0.35 0.47 0.44
1,250 0.33 0.42 0.38 0.35 0.43 0.42
1,600 0.26 0.42 0.35 0.28 0.45 0.39
2,000 0.43 0.50 0.43 0.47 0.56 0.50
2,500 0.56 0.66 0.61 0.66 0.76 0.74
3,150 0.67 0.77 0.75 0.77 0.85 0.84
4,000 0.75 0.82 0.83 0.83 0.90 0.93
NRC 031 0.42 0.39 0.38 0.48 0.46
fiun : 1033 msdinazideya luiaded 3.4.1 uaz 3.4.2
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A ad a <Y v 9 A
nu mm‘ﬁmsamiwmegaiummw 343

MnAmsgaiendinudesvusdai Saqausutiasd saudyauiivaasy
A13199 4.4 WU ANUHUL 2.5 cm REATIFIURTY | £0.86,1:1.23 8% 1: 1.45UA1015
qmgﬁﬂwﬁaqwugﬁﬂqmmquw'm”lwﬁaqmmﬁ' 250-4,000 Hz 98 1149529 23.4-27.7 dBA,
212252dBAIAY 19.6229dBAATNE16Y TA8AIINH U 50cmA AT 182U
M 1:0.86,1:1.23ua% 1:1.450A1MSgaudendaanndesvazaaniu (TL) Tusas

A1ND 250-4,000 Hz 881159 26.6-30.6 dBA, 23.9-28.7 dBA 11a% 22.1-25.5 dBA MW 1A1



[ 9
M3190 4.5 MmsgadenasnudeazdeinuigadiassIssuhmanauiguy

mmﬁ' AINVUHIUT 2.5 cm AINUHIUT 5.0 cm
(8504, Hz) | 1:0.50 1:060 | 1:070 | 1:050 | 1:0.60 | 1:0.70
250 19.3 22.1 24.1 21.7 24.0 25.3
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421 maulsza@nEmsgadiuidas (Absorption Coefficient, Q)
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i 4
M3190 10 MafSeumeudulssansmsgaduideqvodiaanauiinuuiazons1aiu

Paired Differences
ads Sig.
ATUNANYI Std. Std. t df
Mean (2-tailed)
Deviation | Mean Error

1 PHEUTATA 12 0.86 — IAHTUIAT 1 : 1.23 (2.5cm) -.02000 | .02801 .00749 2,672 | 13 019
2 IANSULATA 1:0.86 — IAHTULATA 1 : 1.45 (2.5cm) 03214 | .05352 01430 -2.247 | 13 043
3 EHTUTATA 12 1.23 — 1@AHTUIATI 1 : 1.45 (2.5cm) -01214 | .04353 01163 -1.044 | 13 316
4 IAYSULATA 1:0.86 — IAHTULATA 1 : 1.23 (5.0cm) 01643 | .03433 00918 -1.791 | 13 097
5 1ANSUIATA 1:0.86 — ANTULATA 1 : 1.45 (5.0cm) -.02857 | .05347 01429 -1.999 | 13 067
6 IANTUIATA 1:1.23 —1ANTULATA 1 : 1.45 (5.0cm) -01214 | .03886 01039 -1.169 | 13 263
7 Lé'maﬂiiwmﬁywma 1:0.5- Lﬁmaﬂiﬂﬂmfmm 1:0.6 (2.5cm) -.02000 .03397 .00908 -2.203 13 .046
8 Lé'maﬂiiwmﬁywma 1:0.5- Lﬁmaﬂiﬂﬂmfmm 1:0.7 (2.5cm) -.10643 04717 .01261 -8.443 13 .000
9 liﬁﬁﬁ@ﬂiﬂﬂuﬁ‘wna 1:0.6— Lﬁmaﬂiﬂﬂmfmm 1:0.7 (2.5cm) -.08643 .03478 .00929 -9.299 13 .000
10 idhaselsamniia 1: 05— daosTseenniea 1:0.6 (5.0cm) -.03286 | .02813 00752 -4371 | 13 001
1 dhaeelsamnia 1: 05— daosTsaennina 1:0.7 (5.0cm) -10214 | 03725 00995 | -10.261 | 13 .000
12 idhaeelsamnia 1: 0.6 daosTsaennina 1:0.7 (5.0cm) -.06929 | 02786 00745 9304 | 13 .000




v g
M350 10 ManlFeuneudulssaninmsgaduideaveIaqrauluUILAaZBAT1EdIU (4D)

Paired Differences

i Sig.
NIUNANY Std. Std. t df
Mean (Z-talled)
Deviation | Mean Error
Y Y
13 idaeelsalilith1:0.12 - idhaselsa v 1:0.15 2.5cm) -10143 | .04074 01089 9317 | 13 .000
v Y
14 idaeelsalilith 1:0.12 —idraselsa v 1:0.20 2.5¢cm) -.08286 | .03429 00916 9.041 | 13 .000
15 draeelsalilith1:0.15—draselsa v 1:0.20 (2.5¢cm) 01857 | .04881 01305 1.424 | 13 178
v v
16 davelsalilith1:0.12—draselsa v 1:0.15 (5.0cm) 09357 | .03128 00836 | -11.192 | 13 .000
17 idaeelsalilith 1:0.12 - idraeelsa v 1:0.20 (5.0cm) -07857 | .02143 00573 | -13.717 | 13 .000
18 idravelsalilith1:0.15—draselsa v 1:0.20 (5.0cm) 01500 | .03082 00824 1.821 | 13 092
19 JaqANFUIATA 1 :0.86 (2.5cm) — IAQABTUIATA 1 : 0.86 (5.0cm) 20.06231 | 0.02619 0.00726 8578 | 12 0.000
20 Jaqueysuling 1:0.86 (2.5cm) — TaAQAYTULIAT 1 : 1.23 (5.0cm) -0.07923 | 0.02985 | 0.00828 | -9.57 | 12 | 0.000
21 Jaqeysuiling 1:0.86 (2.5cm) — JaQAyFULIAT 1 : 1.45 (5.0cm) -0.09077 | 0.05361 | 0.01487 | -6.104 | 12 | 0.000
22 Jaqeysuilingd 1:1.23 (2.5cm) - JaqaysULAs 1 :0.86 (5.0cm) -0.04154 | 0.0416 0.01154 3.6 | 12 | 0.004
23 Jaqeysulingd 1:1.23 (2.5cm) - ey suliag 1 : 1.23 (5.0cm) -0.05846 | 0.03508 | 0.00973 | -6.008 | 12 | 0.000
24 Jaqeysulingd 1:1.23 (2.5cm) - JaQAyFULIAT 1 : 1.45 (5.0cm) -0.07000 | 0.04708 | 0.01306 | -5.361 | 12 | 0.000
25 Jaqeysuilingd 1:1.45 (2.5cm) - ey sULAs 1 :0.86 (5.0cm) -0.03154 | 0.0564 0.01564 | -2.016 | 12 | 0.067




i 4
M3190 10 ManfSeumeudulssansmsgaduidequodTaqrauiinuuuaazens 18U (M)

Paired Differences
ads Sig.
NIUNANEN Std. Std. t df
Mean (2-tailed)
Deviation | Mean Error

26 Jaqueysulingd 1 :1.45 (2.5cm) - Jaquayiuliag 1 :1.23 (5.0cm) -0.04846 | 0.05414 | 0.01501 | -3.228 | 12 | 0.007
27 AQANTUIATA 1 : 1.45 (2.5cm) — YAQAHTUIATA 1 : 1.45 (5.0cm) -0.06000 | 0.0324 0.00899 | -6.676 | 12 0.000
28 Saeudhaes 591118 1 : 0.50 (2.5em) - Saqidraoe 594 1 : 0.50 (5.0cm) -0.09923 | 0.01382 | 0.00383 | -25.886 | 12 | 0.000
29 Faeudhaos 591118 1 : 0.50 (2.5em) - Saqidrace 59.41ma 1 : 0.60 (5.0cm) -0.13154 | 0.03211 | 0.0089 | -14.772 | 12 | 0.000
30 Saedhaey s01ha1a 1 0.50 2.5em) - Saedhass s9.ha1a 1 : 0.70 (5.0cm) -0.20231 | 0.037 0.01026 | -19.713 | 12 | 0.000
31 Saedhaey sa1hana 1 0.60 2.5em) - Saediaes 5911 1 : 0.50 (5.0cm) -0.07846 | 0.03158 | 0.00876 | -8.957 | 12 | 0.000
2 Saedhaey sa1hana 1:0.60 2.5em) - Saedhaes 5911 1 : 0.60 (5.0cm) -0.11077 | 0.02753 | 0.00763 |-14.509 | 12 | 0.000
33 Saedhaey s01hana 1 0.60 2.5em) - Saedhaes s9.1ha1a 1 : 0.70 (5.0cm) -0.18154 | 0.03363 | 0.00933 | -19.465 | 12 | 0.000
34 Saedhaey sa1hana 1:0.70 2.5em) - Saedhass 5911 1 : 0.50 (5.0cm) 0.00769 | 0.04622 | 0.01282 | 0600 | 12 | 0.560
35 Saqidaee 50118 1:0.70 (2.5cm) - Saqidrace 59,11 1 : 0.60 (5.0cm) -0.02462 | 0.04789 | 0.01328 | -1.853 | 12 | 0.089
36 Saqidaee 5011 1:0.70 (2.5cm) - Saqidiace 59,11 11 0.70 (5.0cm) -0.09538 | 0.04332 | 0.01202 | -7.938 | 12 | 0.000
37 Fagqdaeelsalui 1:0.12 2.5cm) - SaqudraosTsalldh 1:0.12 (5.0cm) -0.06923 | 0.03148 | 0.00873 | -7.929 | 12 | 0.000
38 Fagqdraeelsalui 1:0.12 2.5cm) - TaqudraosTsalldh 1:0.15 (5.0cm) -0.16231 | 0.03632 | 0.01007 |-16.112 | 12 | 0.000




1 4
M3190 10 ManfSeumeudulssansmsgaduidequodTaqrauiinuuuaazens 18U (M)

Paired Differences

e Sig.
NIUNANYI Std. Std. t df
Mean (2-tailed)
Deviation | Mean Error
39 Fagqdaselsalui 1:0.12 2.5cm) — SaqudraosTsalvldh 1:0.20 (5.0cm) -0.14769 | 0.03961 | 0.01099 | -13.443 | 12 | 0.000
40 Faqdaoslsaluih 1:0.15 2.5cm) - Taqudrase Tsalldh 12 0.12 (5.0cm) 0.03154 | 00532 | 001476 | 2.137 | 12 | 0.054
41 Faqdaoslsaluih 1:0.15 2.5cm) - Taqdrase Tsalldh 12 0.15 (5.0cm) -0.06154 | 0.02996 | 0.00831 | -7.407 | 12 | 0.000
42 Saqdaoslsalwih 1:0.15 2.5cm) - Taqdrass T5aTvldh 1:0.20 (5.0cm) -0.04692 | 0.0504 | 0.01398 | -3.357 | 12 | 0.006
43 Faqdaoslsalwi 1:0.20 2.5cm) - Taqdrase Tsalvldh 1:0.12 (5.0cm) 0.01385 | 0.03709 | 0.01029 | 1346 | 12 | 0.203
44 Faqdaoslsalwi 1:0.20 2.5cm) - Taqdrase Tsalvldh 1:0.15 (5.0cm) -0.07923 | 0.04132 | 001146 | -6.913 | 12 | 0.000
45 Faqdaoslsalwih 1:0.20 2.5cm) — Taqdrass TsaTvldh 1:0.20 (5.0cm) -0.06462 | 0.03406 | 0.00945 | -6.84 | 12 | 0.000
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