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46054211 : MAJOR : ARCHITECTURE
KEY WORD : CEMENT-CELLULOSE WALL / AGRICULTURAL WASTES

SIRIPORN VASANAPRASERT : DEVELOPMENT OF CEMENT-CELLULOSE WALL
FOR PASSIVE BUILDING. THESIS ADVISORS : ASST.PROF. PANTUDA PUTHIPIROJ Ph.D
AND WORATHAM OONJITTICHAI. 137 pp.

The objective of this research is to develop the cement-cellulose wall from
agricultural wastes. The advantages of this panel compared to the conventional ones are low
cost, simple to produce, and having a good thermal property. The development can be
divided into four steps: 1.) producing the cellulose fibers from straw, corn peel, and banana
chunk; 2.) producing the cement-cellulose panels by using the cellulose fiber-and-cement
ratios of 20:80, 30:70 and 40:60; 3.) testing the physical, mechanical, and thermal properties
of the cement-cellulose walls; and 4.) price comparison.

From the research, it was found that only the banana chunk can be used to produce
the appropriate cellulose fiber for the development of the cement-cellulose panel. The straw
and corn peel can not be used since they can not be broken into the cellulose fiber by using
the chemical process used in this study. From the testing of the physical and mechanical
properties of the cement-cellulose walls produced from banana chunk, it was found that the
cellulose fiber-to-cement ratio of 20:80 gave the best properties and the ratios of 40:60 and
30:70 had a less preferable properties, respectively. Also, the density of the walls was found
to be 1,348, 1,290 and 1,232 kilogram per cubic meter, respectively. From the testing of the
thermal properties, the wall with the cellulose fiber-and-cement ratio of 20:80 has the thermal
conductivity coefficient (k-value) of 0.30 W/m.K. Comparing to two commercial walls with the
same type, the obtained k-value is in number two. Also, from the results of the heat
resistance test and comparing to those of the two commercial panels, the cement-cellulose
wall has a lower efficiency. During those 3 day experiment with time range from 6 am to 6 pm,
the maximum temperature measured in the box is 2.57 degree Celsius higher, the average
temperature measured in the box is 1.67 degree Celsius higher, the average temperature
measured at the inner side wall of the box is 2.07 degree Celsius higher and the average
temperature measured at the outside wall of the box is 1.29 degree Celsius higher.

For the price comparison, the production cost of the wall with 20:80 cellulose fiber-to-
cement ratios is lower than the commercial wall 1 and 2 of 58% and 64%, respectively.
Finally, it can be concluded that the cement-cellulose wall from banana chunk used in this
study is appropriate for real world application. It has good physical, mechanical, and thermal
properties and is cheaper when compared to the commercial walls.

Department of Architecture  Graduate School, Silpakorn University Academic Year 2007
Student's Signature ... e

Thesis Advisor's signature 1 ... 2 e e
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Circular, uniform in Polygonal, lumen Oval to round, Flat, oval, lumen, Circular, serrated,
diamater overlapping convolutions lengthwise striations
scales
Nylon, Polyester, Flax Wool Cotton Rayon
Lyocell
Lima bean, Lima bean, Triangular, Trilobal Lobular, lengthwise
smooth serrated rounded edges striations
Avril™ rayon Silk Antron"" nylon Acetate
Dog-bone Flat, broad Star or concertina Collapsed tube, Square with voids
hollow center i
Acryic, Spandex Acetate Anso IV nylon
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AN MTEC a member of NSTDA, w&ulel (Fibers) [Online], accessed 16 June 2006.
Available from www.mtec.or.th/Th/research/textile/textile sci.html

“MTEC a member of NSTDA, wdulel (Fibers) [Online], accessed 16 June 2006.

Available from www.mtec.or.th/Th/research/textile/textile sci.html
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3.2.2 n1snagaunIdsuinNNdy (Moisture content test)
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3.23 MENARALAINITAATNYT (Water absorption test) Wazn1g
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3.3 2EMINAKALANLALEING (Mechanical properties tests)
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3.3.2 NSNAFALAIAMNATUNBLFIEALUTeINTelE  (Tensile
strength perpendicular to plane of board test)
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3.4 ABNITNARAUANLALTIAIINGAY (Thermal conductivity properties

test)

3.4.1 MSNAKBLUIAINITUIAMNSAU(Thermal Conductivity Test)
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1.1 WANISNARALAMNUUILUY (Density testing)
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21 HANISNARAUAMNATUNIUNDARFUANSIIUAENARARE ALY

(Modulus of rupture and elasticity testing)
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NSUIATANNTUATIN 1

psa dwin (nfu) [Anad@u MC. (%)| diaen (uid) | ammpdi ()
1 2.835 5.57 10.0 105
2 2.844 4.92 10.0 105
3 2.841 4.77 10.4 105
4 1.404 4.48 4.0 105
5 4.516 4.79 9.6 105

EREN 24.53

L“r),?ﬂlf;l 4.906

MMNANANNTUASIR 2

ASAT Yl (SN)  |A2NTW MC. (%)| 1dtaan (wnil) auund (°C)
1 2.856 5.81 12.0 105
2 2.887 6.04 10.0 105
3 2.883 5.83 8.0 105
4 1.433 5.59 4.0 105
5 5.561 6.49 15.6 105

993 29.76

\2dY 5.952
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iﬂg@mswm@uauﬁa@qmﬂmw LAZANLALTING

N1SNARAIANLUALTINILNIW

whuFinualdulant gns 20/80

FINFNHUINT 3 F03ANINARBLMIAIANNNUILL(Density) UAZUIAIAINTU(Moisture)

ToquduENuAdulaNT gas 20/80

Fununagay L4
3A1 3A2 4A1 4A2 6D11 6D22 ALRRNE

518N"9
ANzNaUaL
m’mn%quﬁlﬂ(uu.) 100.30 100.88 101.05 100.23 100.65 99.86 100.50
ﬂ"J’]JJF;I’VJL@ZdQI?‘_I(NN.) 102.73 101.95 101.55 101.20 102.88 101.83 102.02
AITNNLN 1 11.76 10.77 12.94 11.95 10.97 10.54
(W) 2 12.06 11.00 12.28 11.45 10.88 10.92

3 11.51 11.33 12.00 12.46 11.00 10.98

4 11.58 11.59 12.18 11.56 11.05 11.31

Lﬂ?ﬂlﬂ 11.73 11.17 12.35 11.86 10.98 10.94 11.51

ﬂ?NWW?LLEju(@U.NN.) 120,863.79 | 114,983.12] 126,731.06| 120,299.25( 112,536.10| 111,246.05| 117,776.56
“ﬁ’mﬂﬂ(ﬂ%‘/u) 156.48 150.14 178.43 185.30 129.27 148.60 158.04
ANITNAIDU 24 TN,
mmﬂﬁwmfﬁﬂ(uu.) 99.90 101.50 100.73 99.80 100.26 99.48
ﬂ"J’]JJF;ITJL@ZQQ‘I?‘_I(NN.) 102.40 100.50 101.15 100.88 102.44 101.45
AITNNLN 1 11.69 10.64 11.87 11.90 10.95 10.53
(1)) 2 11.74 10.94 12.01 11.11 10.88 10.93

3 11.45 11.20 11.92 12.34 11.02 10.96

4 11.28 11.41 12.11 11.49 11.05 11.30

Lﬂ?ﬂlﬂ 11.54 11.05 11.98 11.71 10.98 10.93

“ﬁ’mﬂﬂ(ﬂ%‘/u) 146.32 143.16 165.14 170.75 121.68 139.44 147.75
ﬂ'ﬂlﬁ?’u(%) 6.94 4.88 5.49 6.65 6.24 6.57 6.13
ﬂ’J’]NMu’]LLﬁu(ﬂﬂ./Ns.) 1,294.60 1,360.80 1,407.90 1,540.30 1,148.60 1,335.70 1,348.00




wHuTLNUALAWlaWT gms 20/80

1 1 14
AN3I9EHUINT 4 iﬂﬂﬂ@ﬂ’]?ﬂ/]@@ﬂﬂﬁ’]ﬁ’m’]?wmﬁqLﬁ‘ﬂLLﬁu’](Swelling in water test) LATWIAN

NN3RATNUIN(Water absorption test) anduNuTNusAwleT gns 20/80

%umuwmau , o
3B1 3B2 4B1 4B2 6D11 6D22 |ALaAs
TIENIT
Anaziauutin
mquﬁqm?{a(m.) 100.75 99.05 100.93 100.03 99.15 99.80 | 99.95
M’mmqm?ﬂlﬂ(mu.) 103.60 102.08 100.13 101.25 101.23 99.27 | 101.26
AYHYUN 1 11.08 11.83 11.78 12.36 11.30 11.28
(W) 2 11.68 11.61 10.90 12.57 11.51 11.57
3 10.77 11.62 11.36 12.18 11.53 11.46
4 11.45 11.38 10.65 12.22 11.25 11.72
lode 11.25 11.61 11.17 12.33 11.40 11.51 11.55
ﬁmﬁn(n%u) 165.68 159.49 166.66 190.55 164.97 128.94 | 162.72
ANIENAINT N
AYIHYUN 1 11.36 11.93 11.79 12.41 11.30 11.30
PRI 2 T8, 2 11.73 11.66 11.01 12.60 11.52 11.59
(W) 3 10.87 11.70 11.40 12.20 11.56 11.46
4 11.87 11.40 10.77 12.26 11.26 11.76
lode 11.46 11.67 11.24 12.37 11.41 1153 |  11.61
AYIHYUN 1 11.42 11.98 11.85 12.48 11.34 11.33
MR 24 7. 2 11.78 11.82 11.12 12.68 11.53 11.65
(W) 3 10.90 11.80 11.44 12.33 11.60 11.48
4 11.95 11.53 10.81 12.42 11.30 11.78
1A 11.51 11.78 11.31 12.48 11.44 1156 | 11.68
ﬁwﬁnmﬁqzw(n%u) 185.77 192.66 181.74 204.30 186.84 167.38 | 186.45
ﬁwﬁnm{iqzmu.(nm 192.78 197.68 188.49 213.07 190.80 171.69 | 192.42
ATNMLU(NN./A ) 1,410.90 | 1,358.60 | 1,476.30 | 1,525.80 | 1,441.70 | 1,130.70 |1,391.00
NSNAIRINAY 29N, (%) 1.87 0.52 0.63 0.32 0.09 0.17 0.60
N1SNAIRINAY 247.(%) 2.31 1.46 1.25 1.22 0.35 0.43 1.17
ms@m%uﬁwﬁa 27%3.(%) 12.13 20.80 9.05 7.22 13.26 29.81 15.38
ms@m%uﬁwrﬁamm.(%) 16.36 23.95 13.10 11.82 15.66 33.15 | 19.01
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FININHUINT 5 FayANTNARDUNIAIANNAIUNIUNAAAAUANF1IUATHBA AR ANL/1

(Modulus of rupture and elasticity test) sasuHuTNus&WlaNT go19 20/80

wHuFinuaLdulaig gns 20/80

%ym'mwmﬂu , o
3C1 3C2 4C1 4C2 6D11 6D22 ANLRAE
TIEN1T
mmrﬁmaﬁﬂ(um.) 99.73 98.88 96.90 98.75 99.93 100.06 99.04
mmmqmgﬂ(uu.) 218.00 218.00 218.25 219.00 217.25 216.00 217.79
AANNUUN 1 11.77 11.74 11.76 12.35 11.22 11.09
() 2 11.65 11.90 11.56 11.78 11.28 11.95
3 11.95 11.87 12.10 11.13 11.71 10.91
4 12.01 11.90 10.85 10.86 11.49 11.93
L’a's&ﬁ:ﬂ 11.85 11.85 11.57 11.53 11.43 11.72 11.66
THATUEL(ALLNN.) 257,632.50 255,729.63 244,687.27] 249,350.66(248,142.92 (253,303.89 | 251,474.50
“ﬁﬁﬁﬂﬂ(ﬂ%ﬂ) 375.08 386.28 380.67 370.51 353.85 348.92 369.22
ANVLL(NN. /L) 1,456.00 1,611.00 1,5656.00 1,486.00 1,426.00 1,378.00 1,469.00
LLNﬂmQ\‘izﬁm(ﬁ’Jﬁu) 465.00 541.00 472.00 426.00 440.00 421.00 461.00
u’a@é’ﬂumn%’n (MPa) 9.56 11.21 10.47 9.35 9.45 8.83 9.81
ua@é’ﬂﬁmugiu (MPa)| 4,580.00 | 5,283.00 | 4,637.00 | 5,167.00 | 6,892.00 | 5,703.00 | 5,377.00




wHuTLNUALAWlaWT gms 20/80

A13NUINT 6 %H@mi‘wmmummmmﬁ’mmumﬁmmﬁmmﬂiu (Tensile strength

perpendicular to plane of board test) YRILNUTLNALE W LT Ams 20/80

%ym'mwm'au , -
3D1 3D2 4D1 4D2 6D11 6D22 ALRAE
TIEN1T
ﬂ'J’]ﬂmfgi’NLfilZdﬂlf;l(NN.) 46.83 48.93 49.63 49.68 49.00 49.48 48.93
mmmqm?qlﬂ(mu.) 49.15 49.33 50.83 52.95 51.62 49.51 50.57
AANNUUN 1 10.91 11.94 10.98 12.20 10.67 11.16
(Hy)) 2 10.95 11.95 11.41 12.18 10.67 11.03
3 10.62 11.92 11.03 12.16 10.72 11.16
4 10.78 10.90 11.48 12.05 10.58 11.11
L@?Q;EJ 10.82 11.68 11.23 12.15 10.66 11.12 11.28

UTUIRTUN (AL NH.) 24,904.33 | 28,192.21 | 28,329.84 | 31,961.26 | 26,963.19 | 27,241.27 | 27,932.02

WUtIn(nFu) 35.72 37.58 42.36 45.26 37.86 32.64 38.57

ANVILUL(NN /A 1,434.20 1,333.00 1,495.20 1,416.00 1,404.10 1,198.10 1,380.10

LLNa\‘iQ\‘izﬁm(‘aQﬁu) 2,653.40 | 2,218.20 | 3,014.20 | 3,185.50 | 2,623.30 1,962.60 | 2,609.50

ANATUNIULSIA 1.15 0.92 1.19 1.21 1.04 0.80 1.05
MPa)
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AN3I9HUINT 7 %’ﬂsﬂmmiwmmummmqwmLLliu(Density) Lmeﬁmqw%u(Moisture)

wiuFinuadulaig gas 30/70

ToquduENuAdulaNg gas 30/70

%ym'mwmﬂu , o
4A1 4A2 5A1 5A2 6A1 6A2 AR

FIENIT
ANznaual
mmn%mm?{ﬂ(uu.) 99.92 100.31 100.50 100.35 100.64 100.43 100.36
mmmm?ﬁ(uu.) 100.87 100.35 99.85 100.38 101.35 101.50 100.72
AYIHYUN 1 12.44 12.48 12.62 12.02 12.85 12.10
(W) 2 12.58 12.16 12.44 11.59 12.86 11.50

3 12.55 12.52 12.86 12.20 13.05 12.51

4 12.68 11.96 12.85 11.47 13.00 11.58

1Ay 12.56 12.28 12.70 11.82 12.94 11.92 12.37
UTHNATUNU(ALLNN.) | 126,591.36| 123,611.81| 127,443.54| 119,064.43 | 131,986.24 | 121,508.24 | 125,034.27
fwﬂn(n%“u) 160.20 160.70 162.18 158.31 159.68 164.77 160.97
ANITURIDU 24 T
ANNATLRAEI(HA.) 90.46 90.83 100.10 90.89 100.25 95.53 94.68
ARNENILRA (1) 100.45 95.45 90.43 100.03 100.95 101.14 98.07
ANTNULN 1 12.40 12.42 12.57 11.99 12.80 12.06
(W) 2 12.55 12.13 12.39 11.57 12.82 11.47

3 12.49 12.47 12.85 12.15 13.00 12.46

4 12.62 11.92 12.80 11.43 12.97 11.56

1@t 12.52 12.18 12.65 11.79 12.90 11.89 12.32
ﬁwﬂn(n%u) 150.70 151.06 152.87 148.81 150.55 154.92 151.49
AINTU(%) 6.30 6.38 6.10 6.38 6.06 6.36 6.26
AMNVUILUR(NN/X’)| 1,265.50 | 1,302.50 | 1,272.50 | 1,329.60 | 1,212.30 | 1,356.00 | 1,289.73
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A13HUINT 8 %H@m@mmumﬁmﬁ‘a‘wmﬁqLﬁmm’m(Swelling in water test) LaZUIAN

wHuTLNuALAWlaWT gas 30/70

NN3RATNLIN(Water absorption test) UeuNuTNwsAWlaNT s 30/70

%Tm'mwmau , o
4B1 4B2 5B1 5B2 6B1 6B2 ALRAE
Fllek)
Anaznauutdin
mqu’mmf{a(m) 101.38 100.74 100.92 101.05 100.38 100.59 | 100.84
mmmmég(m.) 100.47 100.57 101.70 100.48 101.42 100.87 | 100.92
ANHYUN 1 12.16 12.49 12.23 12.45 11.86 12.53
(Nu.) 2 12.68 12.04 12.88 11.52 12.30 11.53
3 11.79 12.42 11.93 12.45 11.90 12.45
4 12.38 12.05 12.62 12.50 12.54 11.47
loae 12.25 12.25 12.42 12.23 12.15 12.00 | 12.22
ﬁmﬁﬂ(ﬂ%u) 164.66 155.93 160.98 155.69 157.45 158.07 | 158.80
ANaEnaaugn
ANIHYUN 1 12.27 12.64 12.45 12.67 12.09 12.68
MRILTIN 2 T8 2 12.79 12.15 13.09 11.88 12.50 11.81
(Na) 3 11.99 12.63 12.20 12.67 12.24 12.59
4 12.55 12.19 12.88 12.74 12.81 11.57
loae 12.40 12.40 12.66 12.49 12.41 1216 | 12.42
ANIHYUN 1 12.32 12.66 12.49 12.86 12.11 12.70
VRN 24 7. 2 12.84 12.17 13.11 11.48 12.51 11.87
(Na) 3 12.00 12.64 12.24 12.74 12.40 12.66
4 12.59 12.24 12.91 12.79 12.98 11.62
1A 12.44 12.43 12.69 12.59 12.50 1221 | 1248
ﬁmﬁmnﬁﬁwzm(mm) 192.25 191.63 202.03 191.37 193.84 185.98 | 192.85
ﬁmﬁmdﬁwzmu.(ﬁu) 197.89 195.44 205.60 195.18 197.67 191.50 | 197.22
ATNMILUL(NN./A ) 1,319.60 | 1,256.30 | 1,262.80 | 1,254.30 | 1,272.90 | 1,298.20 | 1,277.35
NTNAIRINAY 29H.(%) 1.22 1.22 1.93 2.13 2.14 1.33 1.66
N1TNAIRINAY 24%0.(%) 1.55 1.47 2.17 2.94 2.88 1.75 2.13
ms@m?ﬁmfwﬁa 27%3.(%) 16.76 22.90 25.50 22.92 23.11 17.66 | 21.48
ms@m?ﬁmfwﬁazmm.(%) 20.18 25.34 27.72 25.36 25.55 2115 | 24.22
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wiuFinuadulaig gas 30/70

FINFNHUINT 9 FayANINARDUNIAIAINNAUNIUNAAAAUANFIIUATHDA AR AL/ 1

(Modulus of rupture and elasticity test) sasuHuNus&WlaNT ga1s 30/70

%ym'mwmﬂu , o
4C1 4C2 5C1 5C2 6C1 6C2 ANLRAE
TIEN1T
ﬂ')’]llﬂ"iﬁx‘imalﬂ(m\l.) 101.09 101.09 100.67 100.91 100.51 101.46 100.96
WJ’m?;I’VJL@g?_I(NN.) 216.25 216.50 217.00 218.25 217.25 218.00 217.21
AANNUUN 1 12.52 12.46 12.73 12.76 12.97 12.56
() 2 12.10 12.22 11.88 11.61 11.98 11.38
3 11.86 12.38 11.89 12.16 12.04 12.20
4 11.71 12.06 11.30 11.66 11.50 11.72
L’agﬂ 12.05 12.28 11.95 12.05 12.12 11.97 12.07
THATUEL(ALLNN.) 263,421.58 268,759.89 261,052.41 265,384.47| 264,649.8¢ 264,755.81| 264,670.65
‘ﬁﬁﬁﬂﬂ(ﬂ%‘vu) 333.96 346.90 346.25 344.69 333.03 345.22 341.68
ANMEILUW(NN /) | 1,267.80 | 1,290.74 | 1,326.36 | 1,298.83 | 1,258.38 | 1,303.92 | 1,291.00
Lmﬂmzﬂmm(ﬁaﬁu) 354.00 332.00 394.00 310.00 406.00 339.00 356.00
u@@ﬁmmn%’n (MPa) 6.95 6.27 7.90 6.10 7.92 6.72 6.97
ua@é’ﬂﬁmugiu (MPa)| 3,71450 | 3,422.10 | 4,468.50 | 3,152.70 | 3,875.90 | 3,856.00 | 3,748.28




wHuTLNuALAWlaWT gas 30/70

A13EUINTA 10 ﬁ@yﬂ@m@wmmumm’qmmﬁﬁummmﬁmmﬁmmﬂu(Tensile strength

perpendicular to plane of board test) YRILAUT LN LI 4m3 30/70

MPa)

%yumuwm'au , o
4D1 4D2 5D1 5D2 6D1 6D2 ALRAE
FIEN1T
mquﬁqm?{a(m.) 49.51 50.51 49.25 50.25 46.25 51.23 49.50
mmmqmﬁiﬂ(uu.) 49.51 50.51 49.25 50.25 46.25 51.23 49.50
AYHYUN 1 12.65 12.55 12.44 12.84 12.47 12.95
(1)) 2 12.88 12.52 12.37 12.82 12.45 12.86
3 12.51 12.55 12.34 12.85 12.55 12.87
4 12.57 12.54 12.25 12.80 12.47 12.76
o 12.65 12.54 12.35 12.83 12.49 12.86 12.62
UTUNRIUNU(ALL.NN.) | 32,191.90 | 31,815.45 | 30,685.58 | 32,041.96 | 28,663.61 | 33,467.94 | 31,477.74
ﬁmﬁn(n%m) 41.46 39.32 39.88 41.05 36.86 40.51 39.85
ANMILUU(NN /L) | 1,287.90 | 1,235.88 | 1,299.63 | 1,281.13 | 128595 | 1,210.41 | 1,267.00
WIIPNEIRA (TG 1,243.90 957.70 870.10 | 1,378.40 933.20 283.30 944.43
AMHATUNIULTIA 0.49 0.38 0.35 0.55 0.41 0.11 0.38




s
NISNANDIANLALTINILAIN

whuFinuaLdulaig gns 40/60

FNINHUINT 11 dayan1smaaaunIAIANLILLW(Density) LATANAIAINTL

(Moisture) aoqusiuginudidulaing 4ns 40/60

Fununagay .4
2A1 2A2 3A1 3A2 4A1 4A2 ANLRRNE
518119
AN1zNaUaL
mmﬂfﬁwmﬁlﬂ(mu.) 101.27 101.30 100.44 101.11 101.68 100.46 101.04
V’]QWNEW’JL@EE(NN.) 101.97 100.68 101.47 100.14 101.98 99.89 101.02
AITNUNUN 1 12.43 12.82 13.28 13.59 12.43 11.56
(WH.) 2 11.20 12.82 13.63 12.32 12.36 10.94
3 12.58 13.09 13.64 13.73 12.84 12.26
4 10.69 12.84 13.65 12.13 12.82 11.02
L’?),'?Q:EI 11.73 12.89 13.55 12.94 12.61 11.45 12.53
ﬂ?mmurﬁu(@u.uu.) 121,129.86(131,463.61(138,096.811131,019.51]130,757.20|114,900.17 [ 127,894.52
‘i’mﬂﬂ(ﬂiﬁl) 164.42 142.72 167.61 162.19 160.57 146.01 157.25
ANITNAIDU 24 TN,
m’mn%ﬁquﬁlﬂ(uu.) 100.83 100.79 90.88 100.40 101.19 95.52 98.27
mmmfm?ﬁ(uu.) 101.44 100.18 100.89 95.13 101.47 90.32 98.24
AITNNLN 1 12.76 12.42 13.21 13.50 12.38 11.50
(WH.) 2 12.74 11.16 13.54 12.29 12.29 10.89
3 13.20 12.40 13.56 12.61 12.77 12.57
4 12.72 10.60 13.62 12.04 12.71 10.94
L@?ﬂlﬂ 12.86 11.65 13.48 12.61 12.54 11.48 12.44
“ﬁ’mﬂﬂ(ﬂﬁl) 153.12 133.10 156.98 152.30 150.18 136.62 147.05
ﬂ')’]ﬂ»ﬁ?’u (%) 7.38 7.23 6.77 6.50 6.92 6.87 6.95
ﬂ'a']smu'm,ﬁu(nn./us.) 1,357.40 1,085.60 1,213.70 1,237.90 1,228.00 1,270.80 1,232.23




wHUTLNUALAWlEWT gms 40/60
1 ! v
19NN 12 FeyanisnagaumAINIInessiailantin(Swelling in water test) LAz

ANIAATNTIN(Water absorption test) aauauwdMusIdwlanT gms 40/60

%umuwmau , o
2B1 2B2 3B1 3B2 4B1 4B2 ALRAEY
TIENIT
Anaziauutin
mqmﬁqm?{a(m.) 101.25 101.76 101.91 101.06 101.20 100.79 101.33
mmm%m?ﬂlﬂ(mu.) 101.78 100.64 101.28 100.69 100.94 102.10 101.24
AYHYUN 1 12.59 12.64 12.10 13.81 11.36 12.73
(W) 2 13.00 11.27 13.23 12.35 12.03 11.17
3 12.21 12.45 12.05 13.55 11.07 12.74
4 13.02 12.01 13.40 12.02 12.17 11.14
lode 12.71 12.09 12.70 12.93 11.66 11.95 12.34
ﬁmﬁn(n%m) 175.42 142.23 154.98 162.35 151.57 150.36 156.15
ANIENAINT N
AYIHYUN 1 12.70 12.76 12.27 14.02 11.53 12.88
PRI 2 T8, 2 13.10 11.46 13.38 12.47 12.12 11.43
(W) 3 12.38 12.60 12.18 13.65 11.32 12.88
4 13.15 12.12 13.52 12.17 12.44 11.32
lode 12.83 12.24 12.84 13.08 11.85 12.13 12.50
AYIHYUN 1 12.89 12.89 12.36 14.08 11.67 13.04
MR 24 7. 2 13.26 11.49 13.18 12.89 12.21 11.80
(W) 3 12.75 12.68 12.47 13.80 11.79 12.95
4 13.39 12.30 13.62 12.66 12.58 11.91
1A 13.07 12.34 12.91 13.36 12.06 12.43 12.67
ST 2 T4.(NFH) 183.85 161.38 171.25 174.95 164.15 171.77 171.23
SnmTnuTen 24 2. (NFA) 194.47 172.44 183.21 187.56 174.44 182.98 182.52
ATNMLU(NN./A ) 1,339.20 | 1,148.70 | 1,182.30 | 1,233.90 | 1,272.50 | 1,222.70 | 1,233.22
NSNAIAINAY 29N, (%) 0.94 1.24 1.10 1.16 1.63 1.51 1.26
NISNAIRINAY 247, (%) 1.42 2.07 1.65 3.33 3.45 4.02 2.66
msgm%uﬁwﬁq 27N, (%) 4.81 13.46 10.50 7.76 8.30 14.24 8.18
ms@m%uﬁwﬁazmu.(%) 10.86 21.24 18.21 15.53 15.10 21.70 17.11




s
NISVARDIANUALTING

whuTLN LA laWT g6s 40/60

FNINHUINT 13 dayanisnaaaLAIANFTuNIuNagAauAnF LA NanAAE AvLY

(Modulus of rupture and elasticity test) ﬂjmLLNu%LNuﬁLﬁuiﬂﬁ’ﬂ@jmﬂO@O

%ym'mwmﬂu , o
2C1 2C2 3C1 3C2 4C1 4C2 ANLRAE
TIENT
mmnf%\m?{ﬂ(mu.) 101.00 101.24 101.57 101.00 101.14 101.11 101.18
mmmqmﬁ'ﬂ(m.) 216.75 217.00 217.50 216.25 218.25 216.75 217.00
AANNUUN 1 13.36 13.11 13.58 13.45 12.71 12.99
(Hy) 2 12.13 10.55 12.28 11.87 12.90 11.32
3 12.27 12.33 12.03 12.57 11.35 12.72
4 11.69 10.32 11.77 11.45 11.88 11.00
L’agﬂ 12.36 11.58 12.42 12.34 12.21 12.01 12.15
THATUEL(ALLNN.) 270,582.03 254,401.95 274,376.12 269,521.03 269,521.1¢ 263,206.27| 266,934.79
ﬁwﬁn(nﬁ‘”u) 361.64 322.91 359.88 344.78 354.64 349.38 348.87
Aouvudu(nn/a’) | 1,336.50 | 1,269.29 | 1,311.63 | 1,279.23 | 1,315.82 | 1,327.40 | 1,307.00
Lmﬂm@m;m(ﬁf;ﬁu) 735.00 475.30 637.00 565.00 542.00 593.00 591.00
N@@é’mmn%’n (MPa) 13.72 10.08 11.70 10.58 10.35 11.71 11.36
ua@é’ﬂﬁmugiu (MPa)| 5,337.00 | 3,875.30 | 4,495.00 | 3,965.20 | 4,417.00 | 4,236.00 | 4,387.30




wHUTLNUALAWlEWT gms 40/60

AN3NEUINT 14 ﬁ@yﬂ@m@wmm‘ummmmﬁ’ﬁummmﬁmmﬁmmﬂu(Tensile strength

perpendicular to plane of board test) YRILAUT LN LI 4m3 40/60

MPa)

%yumuwm'au , o
2D1 2D2 3D1 3D2 4D1 4D2 ALRAE
FIEN1T
AANI SRR (1) 47.89 49.56 48.56 49.34 48.17 51.63 49.19
ANEN9LRAE (HAL.) 51.05 49.83 50.91 50.55 51.90 49.45 50.62
AYHYUN 1 12.68 13.02 13.22 13.49 11.97 12.77
(1)) 2 12.75 12.82 13.54 13.46 11.97 12.68
3 12.63 13.14 13.18 13.63 11.86 13.00
4 12.72 12.94 13.49 13.54 11.85 12.79
o 12.70 12.98 13.36 13.53 11.91 12.81 12.88
UTuNRTUNU(ALL.NN.) | 31,048.76 | 32,055.08 | 33,028.45 | 33,745.67 | 29,775.27 | 32,705.26 | 32,059.75
ﬁmﬁn(n%m) 36.29 39.67 39.39 41.18 37.54 39.53 38.93
AEMILU(NN/a’) | 1,168.81 | 1,237.56 | 1,192.61 | 1,220.30 | 1,260.78 | 1,208.67 | 1,214.79
WIIPNEIRA (TG 776.70 658.50 565.70 793.10 973.70 719.50 747.87
ANATUNIULTIAY 0.32 0.22 0.23 0.32 0.39 0.28 0.29




AARNUIN A.

FIEUNANISILATIZINUNAT Thermal Conductivity






AMANUIN N.

v o

NSATUINWIATIANNS DY TARIT

A o !

® N15UIATNNTUIAINS DY (Thermal Conductance; C) A8 AATIAIUITUINNAN

AutlsrAnsnisinaninien fuauizesdian asnsnAunlifsannis selld

a3 C = k/Ax
LD C = ANIsnANSal (W/m® K)
k = Adudse@nanisiimanuies (W/m. K)
Ax = pnuvunaesdan (m.)

= o

PIANNNTINIAMNTEU (C) vasluudmusmiduland (20/80) NRANENUIEANTAT
U1ANFaL (k-Value) winfiu 0.30 W/m. K

0 C = 030
0.012

AINTUIANGBU, C 25 Wim’ K
® ANITFNUNIUANSBU(Thermal Resistivity, R-Value) Usenaulildag Arnissinumiu
v 2 & ! v 4 o dl | 1 dl
ANFRUTBIAANLINA LazAINITAIUNIUAINTautedanla Tadur1nuany
dse@ansninlunisiduausuiuariufouresdian Aa daunduresAInisiiAIuiey
. . Lo oy
(Conductivity; K-Value) @nunsaatuanulasaannns saldil

a3 R = 1/C=Ax/k

e R =  A1nedumuanudas (m” KwW)

WIANNITAIUNIUANNTEN  (R-Value) Tadhdudinuddulada (20/80) ANAN
Auilsr@nsnisunminndau (k-Value) winfiu 0.30 W/m. K

i R = 0012
0.03

ATNITATUNIUANNS DY, R = 004 m KW
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