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ABSTRACT

Title of Thesis Thermal Insulation and Reduction of Noise Pollution from
Suvarnabhumi Airport

Author Miss Noppawan Sarasumruay

Degree Master of Science (Environmental Management)

Year 2008

The purposes of this research were to (1) study the following thermal
insulations; Cellulose Fiber, Fiberglass Boards, Fiberglass Blanket, Polystyrene,
Polyurethane, Polyethylene and Polyethylene Bubble Foil in terms of their capacity to
reduce Equivalent Continuous Sound Pressure Level, Day-Night Sound Pressure Level
and Maximum Sound Pressure Level; (2) find appropriate thermal insulations to
reduce noise caused by aircraft for those who were impacted by the operation of
Suvarnabhumi Airport and would like to renovate their buildings. The research was
quasi-experimental study employing one-factor completely randomized design. In the
experiment, models of the thermal insulations were built. Thickness of each thermal
insulation sheet used in this study depended on its popularity and availability in the
market.

The result showed that capacity of the thermal insulations used in this study in
terms of reducing Equivalent Continuous Sound Pressure Level, Day-Night Sound
Pressure Level and Maximum Sound Pressure Level were significantly different at
0.05 level. The most effective thermal insulation was Cellulose, followed by
Polyurethane, Fiberglass Blanket, Polyethylene Bubble Foil and Fiberglass Board
respectively. In terms of reducing Maximum Sound Pressure Level, capacity of
Polyethylene thermal insulation was significantly different at 0.05 level; but in terms
of Equivalent Continuous Sound Pressure Level and Day-Night Sound Pressure, were
not significantly different at 0.05 level. As for Polystyrene thermal insulation, its
capacity in terms of reducing Equivalent Continuous Sound Pressure Level, Day-Night
Sound Pressure Level and Maximum Sound Pressure Level were not significantly
different at 0.05 level.

The most appropriate thermal insulations suggested by the research result were
Cellulose fiber, followed by Polyurethane, Fiberglass blanket, Polyethylene Bubble
Foil and Fiberglass boards respectively.
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M9 2.5 Normal Temperature Gradient Effect
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Inverted temperature
gradient—velocity increases
with height
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Level ) Indicsting
Frequency . Tone devi
Amplifier ] | range ——P —— ice
?, woighting averages
? A control or dusplay
Microphone
Preamplificr
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v A = v A = o [y =
ITAVTENINDY AWALTYSIN DY ITAUANNAU ISAVITE

AUIUNY . . . . . 3
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M3IN .1 #amsaszduidosyaniuau (adua (0)

29 WOHNIAU 2551

30 WOUNINY 255]

31 WEBNIAL 2551

1301

L.»\eq Ly, Lirma | Laso Lica L, Litm | Laso LAcq Lo Lopma | Lo
07.00-07.59 | 54.54 | 54.54 813 | 5116 | 5255 | 52.55| 104.1 | 48.77 | 52.77 | 52.77 | 83.4 | 49.69
08.00-08.59 | 54.14 | 5414 | 77.7 | 49.58 | 52.88 | 52.88 | 75.5 | 48.251 5357 | 5357 | 969 | 49.29
09.00-09.59 | 53.67 | 53.67 783 | 4885 (5238 | 5238 | 833 | 4783 | 5463 | 5463 | 76.8 | 50.41
10.00-10.59 | 55.83 | 55.83 79.4 | 50.57 | 53.75 | 53.75| 81.9 | 47.27 | 53.55 | 53.55| 825 | 48.72
11.00-11.59 | 55.61 | 55.61 80.4 | 50.66 | 55.04 | 5504 | 782 | 4922 | 54.14 | 54.14 | 81.8 | 4896
12.00-12.59 | 56.91 | 56.91 845 | 4971 | 5525 | 5525| 803 | 4986 | 55.83 | 55.83 | 81.0 | 49.28
13.00-13.59 | 55.56 | 5556 | 789 | 50.38 | 53.90 | 53.90 | 84.9 | 49.88 | 54.67 | 54.67 | 81.3 | 49.88
14.00-14.59 | 56.56 | 56.56 79.7 1 50.15 1 5732 | 57.32 | 827 | 5033 56.05 | 56.05| 77.9 | 50.33
15.00-15.59 | 56.73 | 56.73 80.8 | 50.02 | 56.00 | 56.00 | 83.8 | 50.51 | 55.97 | 5597 | 81.0 | 4827
16.00-16.59 { 54.01 | 54.01 776 | 49.13 | 5497 | 5497 | 78.0 | 51.04 | 53.57 | 53.57 | 77.4 | 49.22
17.00-17.59 | 53.08 | 53.08 30.3 | 4937 | 5522 | 5522 | 824 | 5093|5531 | 5531 | 78.2 | 50.45
18.00-18.59 | 56.27 | 56.27 79.0 | 5104 | 5513 | 5513 | 77.8 | 49.92 | 55.58 | 5558 { 77.6 | 51.32
19.00-19.59 | 55.81 | 55.81 80.6 | 51.35 | 57.00 | 57.00 | 87.0 | 50.23 | 55.78 | 55.78 | 77.7 | 51.30
20.00-20.59 | 54.90 | 5490 | 78.5 | 50.82 | 56.85 | 56.85 | 83.7 | 50.42 | 55.12 { 55.12| 76.4 | 51.09
21.00-21.59 | 55.01 | 55.01 774 | 51.04 5447 | 5447 | 833 | 49.02 | 54.80 | 54.80 | 76.7 | 50.93
22.00-22.59 | 57.96 | 67.96 80.7 | 52.97 | 5350 | 6350 | 81.9 | 48.64 | 56.92 | 66.92 | 80.0 | 51.51
23.00-23.59 | 55.78 | 65.78 77.1 | 50.08 | 5542 | 6542 | 88.6 | 49.25 | 56.62 | 66.62 | 80.6 | 50.19
00.00-00.59 | 51.62 | 61.62 80.0 14744 | 5535 6535 79.5 | 4956 | 52.99 | 62.99 | 754 | 48.92
01.00-01.59 | 5244 | 62.44 | 86.7 | 47.18 | 52.28 | 62.28 | 76.0 | 47.97 | 52.08 | 62.08 | 79.7 | 48.14 |
02.00-02.59 | 53.14 | 63.14 78.5 15099 | 51.68 | 6168 | 76.6 | 47.92 | 48.92 | 5892 | 653 | 46.93
03.00-03.59 | 53.63 | 63.63 716 | 5224 | 5343 | 6343 1 823 | 5043 | 4895 | 5895 | 81.1 | 46.33
04.00-04.59 | 55.92 | 65.92 84.4 | 50.87 | 52.00 | 62.00 | 82.3 | 49.56 | 50.03 | 60.03 | 78.3 | 47.22
05.00-05.59 | 56.00 | 66.00 | 83.7 | 49.51 | 54.06 | 64.06 | 78.7 | 48.69 | 53.80 | 63.80 | 84.9 | 4827
06.00-06.59 | 56.58 | 66.58 849 | 4990 | 5489 | 64.89 | 79.2 | 49.66 | 53.86 | 63.86 | 79.0 | 49.39
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M15190 . 2 Hamsinszaudaganansnuiuanuioulosaglaa (nFwa (o))

29 NOYNINY 2551 30 WO BNINY 2551 31 WOyNIAY 2551

1Ian
L L L L L

LAcq Ldn L.—\Fmax Aeq dn AFmax Acq dn LAFmax

07.00-07.59 | 48.03 | 48.03 74.3 47.36 | 47.36 65.6 | 46.18 | 46.18 69.6

08.00-08.59 | 47.96 | 47.96 64.3 48.10 | 48.10 62.8 | 46.27 | 46.27 63.9

09.00-09.59 | 46.96 | 46.96 62.8 47.96 | 47.96 69.1 46.31 | 46.31 64.7

10.00-10.59 | 45.88 | 45.88 63.7 48.11 | 48.11 66.7 | 46.12 | 46.12 67.3

11.00-11.59 | 46.09 | 46.09 63.1 4731 | 47.31 64.4 | 46.58 | 46.58 66.3

12.00-12.59 | 47.13 | 47.13 65.0 46.69 | 46.69 68.6 | 47.23 | 47.23 68.4

13.00-13.59 | 46.02 | 46.02 63.5 46.37 | 46.37 76.8 | 46.89 | 46.89 66.7

14.00-14.59 | 4742 | 47.42 70.5 48.40 | 48.40 66.0 | 47.65 | 47.65 65.0

15.00-15.59 | 47.06 | 47.06 64.9 47.40 | 47.40 65.1 48.29 | 48.29 70.6

16.00-16.59 | 46.02 | 46.02 63.2 46.62 | 46.62 642 | 46.28 | 46.28 63.8

17.00-17.59 | 45.85 | 4585 66.0 47.19 | 47.19 66.5 | 47.03 | 47.03 64.7

18.00-18.59 | 46.98 | 46.98 62.9 47.89 | 47.89 68.3 | 47.23 | 47.23 66.5

19.00-19.59 | 45.65 | 45.65 65.4 49.15 | 49.15 673 47.11 | 47.11 67.8

20.00-20.59 | 44.94 | 44.94 65.2 49.79 | 49.79 69.0 | 46.43 | 46.43 67.1

21.00-21.59 | 46.12 | 46.12 69.0 } 48.09 | 48.09 71.6 | 46.75 | 46.75 65.4

22.00-22.59 | 47.60 | 57.60 62.0 | 47.51 | 57.51 70.4 | 48.42 | 58.42 70.0

23.00-23.59 | 46.52 | 56.52 62.2 | 4891 | 58.91 76.4 | 47.80 | 57.80 73.1

00.00-00.59 | 43.73 | 53.73 61.7 48.25 | 58.25 66.3 | 45.57 | 55.57 64.2

01.00-01.59 | 43.09 | 53.09 65.5 45.73 | 55.73 66.8 | 44.14 | 54.14 69.7

02.00-02.59 | 42.84 | 52.84 58.5 45.13 | 55.13 642 | 41.34 | 51.34 58.7

03.00-03.59 | 43.00 | 53.00 55.8 44.18 | 54.18 64.9 | 40.72 | 50.72 65.9

04.00-04.59 | 44.92 | 54.92 61.3 44.54 | 54.54 650 | 40.43 | 5043 65.5

05.00-05.59 | 45.64 | 55.64 61.4 45.79 | 55.79 652 | 4439 | 54.39 76.7

06.00-06.59 | 47.24 | 57.24 64.2 47.10 | 57.10 653 | 44.34 | 5434 66.2
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M3 .3 wamsdaszaudosganasssniuduanudonlound v taFwa (o))

29 WHHAIAN 2551

30 NEHAIAY 2551

31 WOEANIAY 2551

1101

Ly L, L..| L Aeq L, | DS Ly L, | DI
07.00-07.59 | 51.55 | 51.55 77.0 | 48.10 | 48.10 | 63.2 48.70 | 48.70 80.6
08.00-08.59 | 51.77 | 51.77 73.7 50.27 | 50.27 | 71.7 49.37 | 49.37 70.1
09.00-09.59 | 50.48 | 50.48 74.4 | 49.86 | 49.86 80.5 50.18 | 50.18 73.1
10.00-10.59 | 51.74 | 51.74 74.7 51.01 | 51.01 80.9 49.79 | 49.79 75.1
11.00-11.59 | 51.57 | 51.57 77.7 51.00 | 51.00 | 754 50.54 | 50.54 71.3
12.00-12.59 | 53.60 | 53.60 78.8 51.09 | 51.09 76.3 51.95 | 51.95 76.6
13.00-13.59 | 5249 | 52.49 76.2 | 49.69 | 49.69 | 813 51.34 |.51.34 74.1
14.00-14.59 | 53.71 53.71 76.3 5346 | 5346 | 77.1 52.93 | 52.93 75.7
15.00-15.59 | 53.92 | 53.92 78.0 51.82 | 51.82 81.5 52.01 | 52.01 77.0
16.00-16.59 | 5094 | 50.94 74.0 50.83 | 50.83 76.0 49.57 | 49.57 71.5
17.00-17.59 | 49.83 | 49.83 76.4 51.18 | 51.18 76.0 50.57 | 50.57 73.7
18.00-18.59 | 52.68 | 52.68 74.7 50.77 | 50.77 | 74.8 51.06 | 51.06 71.3
19.00-19.59 | 51.70 | 51.70 75.4 53.14 | 53.14 | 83.4 51.48 | 51.48 71.9
20.00-20.59 | 50.33 | 50.33 75.4 5342 | 5342 76.6 50.80 | 50.80 71.4
21.00-21.59 | 54.25 | 5425 72.5 50.67 | 50.67 78.2 50.66 | 50.66 72.9
22.00-22.59 | 62.12 | 72.12 74.9 50.04 | 60.04 77.5 52.87 | 62.87 73.8
23.00-23.59 | 58.40 | 68.40 72.0 51.85 | 61.85 85.5 51.88 | 61.88 74.3
00.00-00.59 | 50.55 | 60.55 73.8 51.72 | 61.72 75.2 48.99 | 58.99 70.1
01.00-01.59 | 48.55 | 58.55 80.2 48.29 | 58.29 71.7 47.80 | 57.80 76.7
02.00-02.59 | 47.17 | 57.17 71.0 | 47.55 | 57.55 73.0 44.65 | 54.65 63.1
03.00-03.59 | 46.77 | 56.77 63.7 | 4849 | 5849 | 77.1 44.86 | 54.86 76.7
04.00-04.59 | 49.72 | 59.72 77.8 4745 | 57.45 76.8 45.28 | 55.28 71.6
05.00-05.59 | 50.65 | 60.65 75.3 49.89 | 59.89 | 73.7 49.33 | 59.33 77.4
06.00-06.59 | 51.6t1 61.61 77.4 50.66 | 60.66 | 75.5 51.03 | 61.03 78.7
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M990 . 4 wanadaszanidosgananesmuiuiuanudeulouduuuagy (adiva (9))

29 WOBMAN 2551

30 WOBNIAW 2551

31 WOHAIAY 2551

nm

L Lin L \Fina L Ly AFmax | Lac Ly, L max
07.00-07.59 | 51.63 | 51.63 73.7 | 48.94 | 48.94 68.1 49.00 | 49.00 | 70.1
08.00-08.59 | 51.26 | 51.26 68.0 | 49.86 | 49.86 66.4 | 49.01 | 49.01 68.0
09.00-09.59 | 49.85 | 49.85 684 | 49.45 | 4945 71.5 49.55 | 49.55 | 67.7
10.00-10.59 | 50.54 | 50.54 71.9 1 49.66 | 49.66 69.8 | 48.68 | 48.68 | 68.8
11.00-11.59 ;| 50.85 | 50.85 68.9 | 49.97 | 4997 67.5 48.98 | 48.98 | 69.0
12.00-12.59 | 51.23 | 51.23 71.4 | 49.97 | 4997 69.5 49.82 | 49.82 | 709
13.00-13.59 | 50.31 | 50.31 715 | 49.11 | 49.11 76.1 49.65 | 49.65 68.6
14.00-14.59 | 51.19 | 51.19 69.1 5149 | 51.49 71.5 51.14 | 51.14 | 699
15.00-15.59 | 51.00 | 51.00 69.9 | 50.29 | 50.29 70.5 50.30 | 5030 | 74.2
16.00-16.59 | 49.30 | 49.30 67.2 | 49.67 | 49.67 68.0 | 4893 | 48.93 66.0
17.00-17.59 | 48.94 | 48.94 68.7 | 50.27 | 50.27 69.6 | 4990 | 49.90 | 66.5
18.00-18.59 | 5145 | 51.45 74.0 | 49.88 | 49.88 68.1 50.73 | 50.73 67.9
19.00-19.59 | 50.83 | 50.83 72.8 | 51.78 | 51.78 68.4 51.07 | 51.07 | 66.4
20.00-20.59 | 50.22 | 50.22 73.0 | 53.04 | 53.04 73.5 50.51 | 50.51 67.8
21.00-21.59 | 51.65 | 51.65 722 | 50.78 | 50.78 76.7 50.75 | 50.75 68.4
22.00-22.59 | 54.81 | 64.81 722 | 50.34 | 60.34 76.0 5248 | 62.48 | 675
23.00-23.59 | 52.31 | 62.31 67.8 | 51.95 | 61.95 80.7 51.59 | 61.59 | 715
00.00-00.59 | 48.24 | 58.24 719 | 51.09 | 61.09 70.6 | 49.45 | 59.45 | 66.0
01.00-01.59 | 48.20 | 58.20 733 | 4871 | 58.71 67.8 | 4836 | 5836 | 734
02.00-02.59 | 46.34 | 56.34 67.9 | 47.60 | 57.60 68.4 | 4588 | 5588 | 57.7
03.00-03.59 | 45.35 | 55.35 594 | 4744 | 5744 69.5 4582 | 55.82 | 68.8
04.00-04.59 | 48.35 | 58.35 70.5 | 47.97 | 57.97 69.7 | 4527 | 5527 | 694
05.00-05.59 | 49.12 | 59.12 70.5 | 49.64 | 59.64 69.1 48.83 | 58.83 81.6
06.00-06.59 | 50.13 | 60.13 713 | 50.07 | 60.07 67.7 50.11 | 60.11 74.2
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c; s @ a LY ¥ = =y o
MINN V. S N?Ifﬂﬁ'Jﬂizﬂﬂlﬁﬂﬁ“lgﬂﬂﬂﬁﬂﬁﬂu@uﬂuﬂ'J"IiJ'ifJUIWﬁﬁ‘lﬁiu (aua (1))

29 WOHNIAY 2551 30 NN 2551 31 WOHNIAY 2551

o
L L L

AFmax Aeq dn

L L L L

AFmax Acg dn AFmax

L L

Aeq dn

07.00-07.59 | 53.44 | 53.44 84.7 51.26 | 51.26 89.3 51.96 | 51.96 78.4

08.00-08.59 | 52.90 | 52.90 74.0 52.13 | 52.13 77.2 52.49 | 52.49 73.3

09.00-09.59 | 51.20 | 51.20 72.3 51.20 | 51.20 77.8 53.78 | 53.78 75.6

10.00-10.59 | 52.03 | 52.03 75.9 51.83 | 51.83 74.5 52.45 | 52.45 76.4

11.00-11.59 | 52.55 | 52.55 74.2 53.67 | 53.67 79.0 | 52.55 | 52.55 79.1

12.00-12.59 | 53.35 | 53.35 78.1 53.84 | 53.84 80.4 | 5417 | 54.17 77.9

13.00-13.59 | 52.08 | 52.08 73.5 53.10 | 53.10 83.6 53.51 | 53.51 77.1

14.00-14.59 | 53.11 | 53.11 74.2 55.55 | 55.55 71.8 56.69 | 56.69 87.5

15.00-15.59 | 53.26 | 53.26 75.4 54.41 | 54.41 71.5 54.05 | 54.05 78.8

16.00-16.59 | 51.25 | 51.25 73.3 54.43 | 5443 90.5 52.67 | 52.67 76.1

17.00-17.59 | 50.57 | 50.57 733 54.11 | 54.11 76.6 | 53.98 | 53.98 75.2

18.00-18.59 | 53.24 | 53.24 75.7 53.92 | 53.92 96.9 | 54.67 | 54.67 75.4

19.00-19.59 | 52.67 | 52.67 72.0 54.95 | 54.95 74.5 5495 | 54.95 75.0

20.00-20.59 | 51.76 | 51.76 73.6 56.44 | 56.44 81.8 | 54.31 | 5431 76.1

21.00-21.59 | 57.73 | 57.73 78.2 53.71 | 53.71 83.2 | 5441 | 5441 76.2

22.00-22.59 | 68.55 | 78.55 83.6 53.14 | 63.14 82.0 | 56.50 | 66.50 76.5

23.00-23.59 | 63.79 | 73.79 81.6 | 55.32 | 65.32 854 | 5548 | 6548 | 76.6

00.00-00.59 | 54.10 | 64.10 73.9 54.48 | 64.48 77.0 | 52.78 | 62.78 74.5

01.00-01.59 | 50.75 | 60.75 77.5 51.93 | 61.93 724 | 51.82 | 61.82 78.5

02.00-02.59 | 50.07 | 60.07 74.4 50.55 | 60.55 734 | 48.90 | 5890 | 63.2

03.00-03.59 | 51.32 | 61.32 67.3 50.89 | 60.89 73.7 | 48.82 | 58.82 76.1

04.00-04.59 | 53.84 | 63.84 78.8 51.17 | 61.17 742 | 48.94 | 58.94 77.1

05.00-05.59 | 54.48 | 64.48 78.2 52.78 | 62.78 73.9 | 53.08 | 63.08 81.6

06.00-06.59 | 54.94 | 64.94 81.7 53.07 | 63.07 74.0 | 55.12 | 65.12 94.4
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M3 . 6 wamsinszdudsganaaemuiuduaiwionTndgsinu (adiua ce))

29 NOHNIAY 2551 30 WeBENIAY 2551 I NENIAN 2551

130
L L L

Acq dn LAFmax Acq dn

L L L

AFmax Acq dn

L

AFmax

07.00-07.59 | 49.85 | 49.85 84.4 | 47.78 | 47.78 80.1 48.28 | 48.28 68.6

08.00-08.59 | 49.47 | 49.47 69.3 | 48.92 | 4892 | 65.5 48.28 | 48.28 | 639

09.00-09.59 | 48.18 | 48.18 67.1 48.63 | 48.63 73.6 48.38 | 48.38 66.6

10.00-10.59 | 47.38 | 47.38 66.5 49.03 | 49.03 69.9 4797 | 47.97 | 69.3

11.00-11.59 | 48.08 | 48.08 69.0 | 48.70 | 48.70 | 68.5 48.38 | 48.38 | 67.0

12.00-12.59 | 49.02 | 49.02 70.3 48.52 | 48.52 | 69.5 48.59 | 48.59 | 675

13.00-13.59 | 47.70 | 47.70 70.2 47.79 | 47.79 80.4 48.88 | 48.88 67.9

14.00-14.59 | 49.11 | 49.11 69.4 50.58 | 50.58 70.1 49.51 | 49.51 66.0

15.00-15.59 | 48.95 | 48.95 67.5 49.47 | 49.47 | 70.1 49.66 | 49.66 74.4

16.00-16.59 | 47.58 | 47.58 69.7 | 48.61 | 48.61 68.2 47.94 | 47.94 61.8

17.00-17.59 | 47.25 | 47.25 65.8 49.41 | 49.41 72.0 48.49 | 48.49 64.7

18.00-18.59 | 50.01 | 50.01 81.1 48.97 | 48.97 | 81.0 48.92 | 48.92 64.6

19.00-19.59 | 48.80 | 48.80 67.2 51.44 1 51.44 } 70.5 49.16 | 49.16 | 63.3

20.00-20.59 | 48.48 | 48.48 66.9 5224 | 5224 | 724 48.63 | 48.63 64.1

21.00-21.59 | 49.34 | 4934 72.6 50.20 | 50.20 | 754 49.04 | 49.04 | 65.8

22.00-22.59 | 50.06 60.06 67.1 49.85 | 59.85 74.8 50.52 | 60.52 69.0

23.00-23.59 | 48,71 | 58.71 64.3 51.31 | 61.31 825 | 49.84 | 59.84 | 71.8

00.00-00.59 | 46.99 | 56.99 66.6 | 51.29 | 61.29 | 70.9 | 47.60 | 57.60 | 63.9

01.00-01.59 | 47.31 | 57.31 66.3 48.55 | 58.55 70.3 46.49 | 56.49 75.2

02.00-02.59 | 45.61 | 55.61 62.7 | 4723 | 57.23 69.4 4435 | 5435 | 57.0

03.00-03.59 | 44.19 | 54.19 57.9 45.79 | 55.79 69.2 43.69 | 53.69 66.5

04.00-04.59 | 46.78 | 56.78 64.8 46.11 | 56.11 69.4 43.01 | 53.01 64.9

05.00-05.59 | 47.62 | 57.62 66.3 48.10 | 58.10 } 69.2 46.39 | 56.39 | 79.2

06.00-06.59 | 49.20 | 59.20 69.1 49.18 | 59.18 | 68.8 47.52 | 57.52 68.7
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MM v 7 wamsaszAudesganaasanauiuanuden Indiensau (adua (10)

29 NN 2551 30 NEENIAY 2551 31 NENIAL 2551

381

L L L

AFmax Acq dn

L L L

AFmax Aeq dn

L L

Aeq dn

L

AFmax

07.00-07.59 | 53.74 | 53.74 78.5 51.50 | 51.50 72.0 | 5141 | 5141 74.5

08.00-08.59 | 5345 | 5345 76.1 5224 | 52.24 72.2 51.20 | 51.20 | 72.4

09.00-09.59 | 52.07 | 52.07 75.7 | 51.35 | 51.35 78.0 | 52.51 | 52.51 75.8

10.00-10.59 | 53.70 | 53.70 77.1 5222 | 5222 75.3 51.41 | 51.41 75.5

11.00-11.59 | 53.56 | 53.56 78.2 | 53.36 | 53.36 72.6 | 52.08 | 52.08 80.9

12.00-12.59 | 54.72 | 54.72 79.6 | 53.69 | 53.69 784 | 53.55 | 53.55 76.8

13.00-13.59 | 53.59 | 53.59 76.6 | 52.71 | 52.71 82.5 52.68 | 52.68 75.7

14.00-14.59 | 54.58 | 54.58 77.0 | 5530 | 55.30 74.7 55.17 | 55.17 | 82.1

15.00-15.59 | 55.09 | 55.09 76.9 | 54.38 | 54.38 79.2 53.84 | 53.84 | 77.0

16.00-16.59 | 52.71 | 52.71 77.0 | 54.26 | 54.26 87.6 51.75 | 51.75 73.7

17.00-17.59 | 51.88 | 51.88 77.7 | 53.94 | 53.94 76.0 | 53.19 | 53.19 75.1

18.00-18.59 | 54.92 | 54.92 76.7 | 53.34 | 53.34 72.9 53.63 | 53.63 73.0

19.00-19.59 | 53.79 | 53.79 75.8 | 55.28 | 55.28 75.3 54.00 | 54.00 | 74.6

20.00-20.59 | 52.50 | 52.50 78.5 55.61 | 55.61 78.8 53.82 | 5382 | 755

21.00-21.59 | 56.60 | 56.60 754 | 53.47 | 5347 80.5 5394 | 53.94 | 75.1

22.00-22.59 | 64.08 | 74.08 79.7 | 53.00 | 63.00 79.1 55.20 | 65.20 | 75.1

23.00-23.59 | 59.50 | 69.50 754 | 5474 | 64.74 854 | 5474 | 6474 | 75.7

00.00-00.59 | 51.92 | 61.92 744 | 54.81 | 64.81 74.8 51.67 | 61.67 | 73.0

01.00-01.59 | 50.20 | 60.20 769 | 52.23 | 62.23 72.3 50.60 | 60.60 | 77.3

02.00-02.59 | 48.56 | 58.56 72.1 51.03 | 61.03 72.2 | 47.56 | 57.56 | 66.0

03.00-03.59 | 48.08 | 58.08 654 | 50.97 | 60.97 73.6 | 47.51 | 57.51 75.0

04.00-04.59 | 51.07 | 61.07 75.2 | 50.93 | 60.93 73.6 | 48.45 | 5845 76.9

05.00-05.59 | 51.89 | 61.89 76.8 | 52.53 | 62.53 74.4 | 53.18 | 63.18 80.5

06.00-06.59 | 52.79 | 62.79 77.8 | 53.46 | 63.46 73.0 | 53.84 | 63.84 | 86.4
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v v
s o a a a tY a 4
ﬂﬁNﬁ V.8 Nﬁﬂﬁ'm‘i&’ﬂ‘UL?TEN“I;@V]ﬂﬁE]Qﬂﬂ?ﬂﬂﬂﬂ??llgﬂuiwmﬂﬂﬁauUULUGW’DU@

(AT (19))

29 NQENINY 2551 30 WO BHNIAY 2551 31 WOHNINUW 2551

1380

L L L L L

Acq dn LAFmax Acq dn

L L L

AFmax Acq dn AFmax

07.00-07.59 | 49.69 | 49.69 76.5 47.08 | 47.08 71.1 4775 | 47.75 78.2

08.00-08.59 | 48.90 | 48.90 74.3 48.08 | 48.08 71.8 | 48.63 | 48.63 72.5

09.00-09.59 | 48.56 | 48.56 78.8 47.53 | 47.53 76.0 | 49.17 | 49.17 73.7

10.00-10.59 | 50.82 | 50.82 80.1 48.20 | 48.20 76.5 48.60 | 48.60 76.4

11.00-11.59 | 52.34 | 52.34 78.2 49.20 | 49.20 77.3 48.00 | 48.00 76.8

12.00-12.59 | 54.16 | 54.16 80.9 49.45 | 49.45 75.8 50.83 | 50.83 78.0

13.00-13.59 | 53.05 | 53.05 80.5 48.45 | 4845 79.5 50.70 | 50.70 75.3

14.00-14.59 | 54.72 | 54.72 84.1 51.65 | 51.65 77.2 53.41 | 53.41 80.3

15.00-15.59 | 54.87 | 54.87 78.9 50.01 | 50.01 81.4 | 51.63 | 51.63 77.3

16.00-16.59 | 52.08 | 52.08 76.0 49.72 | 49.72 74.1 48.63 | 48.63 73.2

17.00-17.59 | 51.39 | 51.39 75.5 50.07 | 50.07 75.1 49.94 | 49.94 74.3

18.00-18.59 | 54.78 | 54.78 81.2 49.97 | 49.97 71.4 | 50.91 | 5091 72.7

19.00-19.59 | 53.96 | 53.96 73.6 52.09 | 52.09 844 | 51.35 | 51.35 74.0

20.00-20.59 | 53.38 | 53.38 73.1 52.01 | 52.01 779 | 49.97 | 49.97 72.6

21.00-21.59 | 55.51 { 55.51 76.3 49.11 | 49.11 78.0 | 49.94 | 49.94 74.2

22.00-22.59 | 60.23 | 70.23 774 | 48.05 | 58.05 776 | 52.29 | 62.29 75.8

23.00-23.59 | 59.25 | 69.25 74.9 50.17 | 60.17 84.3 50.77 | 60.77 75.8

00.00-00.59 | 51.35 | 61.35 74.0 | 49.58 | 59.58 743 | 48.28 | 58.28 71.7

01.00-01.59 | 48.70 | 58.70 8.3 46.34 | 56.34 72.0 | 46.39 | 56.39 76.0

02.00-02.59 | 47.71 | 57.71 72.7 45.53 | 55.53 734 | 4349 | 5349 65.7

03.00-03.59 | 47.16 | 57.16 66.1 47.46 | 57.46 77.8 | 43.76 | 53.76 78.6

04.00-04.59 | 49.65 | 59.65 78.2 47.04 | 57.04 764 | 44.98 | 54.98 74.3

05.00-05.59 | 50.38 | 60.38 77.5 49.11 | 59.11 73.7 | 49.43 | 59.43 77.0

06.00-06.59 | 50.34 | 50.34 77.9 49.11 | 49.11 733 51.69 | 51.69 85.2
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A1INN A, 1 Myiasianuulsisiumadfvoissaudeunde 24 ¥11us (Lo o)

Source e S3 Ma I F
Tr=atment 7 160.819 22.9%74 °3.2973 2
Ex.EBError 16 12.989 0.812
Total 23 173.809 7.557

GRAND VEAN ::

cv 1.77 %

LSD .0¢% 1.559132

LSD .01 2.148+:09
AH A A A FA A S kv ko h kAR AR F AR Ak AR A AT A KRR R A A ATk d kv~ ko k ok k& & K %ok ok ok
4
+ DUNCAN'S MULTIPLE-RANGE TEST
* PFOBLEM I[DENTIFICATION = Lec
* NUMEBEER OF MEANS = A
* ERROR DEGREE OF FREEDOM = 14
4 ERROR MZAM SQUARE = 0. 21132802
* STAMDARD SRROR  OF MEAN = DN TR0 27
-+

Bk hk kA & kA fAd kv kv kb bk hkhhk khhhkdkhkrdhdkhhddAxA bk k& &

MEANS NOT SHARING LETTER IN COMMON DIFFEER
MULTIPLE RANGE TEST.

B DUNCAN'G

AoA kA R ok ok ok ok ok ok

FoSNTEFICANTLY

NAME (D MEAN - RANKED AT FROBARILITY LEVEL
contro | 54.46333 A
polystvyrene 53.45667 A
polyethylens 53.20667 A
fiberglazs bea 50.77667 B
polyethylens 1 50.03 B
fiberglass bl 45.83333  BC
polyurettana 43.37333 C
cellulos: fih 1432667 D

MEANS NOT SHARING LETTAR IN COMMON DIFFEE
BY CUNCAN'S MULTIPLE RANGE TEST.

SIGNIFICANTLY

*
*
*
*
*
*
*
*
*
*

.05
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. a ' aa o o [ Y
M31a7 A, 2 MsIRIzHANsUsIunsatAvesssAudvaRdonansTunaeiu (L, )

Source df
Treatment 7
Ex.Erroxr 16
Totral 23

GRAND MEAN =

SS MS F F.05 F.C
966 22.995 27.662 2.66 4. (
301 0.831
268 7.577

cy = 1.67 %

LSD .0:& 1.578226

LSD .01 2.174528

IE NN FEENEERERELALEESEESESEEE R R EEE R RS E RS S SRR SRS RS EESEEESEESE S
+ *
. DUNCAN'S MULTIPLE-RANGE TEST *
N PRCBLEM IDENTIFICATION = Ldn *
+ NUMBER OF MEANS = 8 *
4 ERROR DEGREE OF FREEDOM = 16 *
S ERROR MEAN SQUARE = 0.83130080 *
N STANMDARD ERROR OF MEAN = 0.5264031%3 *
+ *
4k chk kA FE kb € kwd b*kt***********i"****************************

[ — e S

MEANS NOT SHARING LETTER iN'comgpN DIFFER SIGNIFICANTLY
BY DUNCAN'S MULTIPLE RANGE TEST.®

NAME 1D

control
polystyrerne
polyethylens
fiberglass boa
polyethylene b
tiberglass bla
polyurethane
cellulose fite

MEAN

54

56
54

53
52
50

MEANS NOT SHARING
BY CUNCAN'S MULTIPLE RANGE TEST.

.23
57.
.95667
.52667
53.
.58333
.12333
.08

20667

87

LETTE

RANKED AT PROBABILITY LEVEL .05

R IN COMMON DIFFER SIGNIFICANTLY
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H a 4 aa s @
MM A.3 MITRTHaNsUsIunNadivesssduaNuRdogaga (L, )

Source df SS Ma F .05 F.C1
Treatment 7 912.960 130.4223 G.09] 2.66 4.03
Ex.Error 16 342 .591 21.412
Total 23 1255.553 54 .589

GRAND MEAN = 84 .48333333333336¢

Ccv = 5.18 %

LsD .03 5 8.009731

L&D .01 = 11.03605
Bk Ak Ak Lk A kd ke ke kS bk kk ok hkh h kA kA Ak Ak ok Ak ok kb k k ok ok ok okok ok ok ok ok ok ok Kk k k&
i *
* DUNCAN'S MULTIPLE-RKANGE TEST *
N PRCBLEM IDENTIFICATION = Lma: *
b NUMEBER OF MEANS = & *
N ERROR DEGREERE OF FREEDOM = 1o *
R ERROR MEAN SQUARE = 27 .21:91101 *
* STANDAKRD ERROR OF MEAN = R R *
" *

R RS I A R A R 2 R A A S S A I I R R IR I R I I I I G A L R R S A N R E ]

NAIE ) b T RANKED AT BT .3 107 LEVEL .05
control 35.9 A
polystyrene 32 AB
polvethylena ): 34 55667 RC

polyethylans 34 .55667  BC
fiberglaszs boea 321 C
polyursthane 8320.03333 C
fiberglass bla TR LTRE6T C
celluloze fipe 75.93333 C

MIZANS NOT SHAKING LETTHER IN COMMON DIFFER STONTFICANTLY
BY DUNCAN'S MULTIPLE RANGE TEST.
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