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Abstract 

The objective of this research project is to develop an effectively applicable 

prevention of heat for concrete masonry unit wall. By using kaolin mixture coir, rice 

straw and husk as a major ingredient in concrete to replacing usual stone dust, the 

hollow non-load-bearing concrete masonry units obtained had the size of 70 X 190 X 

390 mm. The test results showed that the reliably ideal ratio of these mixture materials 

had to be from the combination of kaolin, coir, rice straw and husk, by replacing them at 

5%: 5%: 15% and 50/0. The block obtained also had other certain qualifications such as 

Weight at 6.08 kg., water absorption at 7.96%, and compressive strength at 65.4 ksc. 

Moreover, these combined materials harbored heat capacity less than the standard 

concrete masonry units with the weight not more than 29%. 

Keywords	 Kaolin, Natural fibers, Concrete Masonry Unit, Coir, Mass Wall, 

Hollow Concrete Block 
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'II 'II 

t'Mqi ') L"Ji,.i..:J'M1f1'1::"£)..:J ~..:Jnfl£)£)..:Jflnmnfl'1£)..:Jch,.n£)..:Ja,.fi1..:J ') flLfi1j,.1[Ju1[Jt,.n1'1~~::1l1 

~"'lf112J1t "litJ'1::1[J'If\l'l~~J1n;f,. lf1 [JSjfl112Jflfl~~::1l12J1 LiI,.cb,.tJ'1::n £IU'If £)..:J1fffln £)m..:J ~ • 
" • ., ... ~ .1.\ .. ~ • "tJ" ....1 ., t !:II ~ •L2JfI £)..:J2Jn'1::U1,.n1'1'1f,.lil £I,.'Yl u..:J [J1n'1fU"D£)"2J1n~"Ln" L ,.n LVi £)'Yl~:1412J1 'If Lfl Lfl [J..:J1 [J• 
t,.fi,.fi lf1[Jiin1'1flm~1flnLff2Ju"i~"'lf11nUfl£),.n1flSsyamlpuk, S. (2000) [4, 14, 15n'i 

q 

f1n~1~ "'lf11~1n LL'Ma..:J'1::"£)..:Jt ,.tJ'1:L'Ylfl''Yl [JViu11 £),.1l1fl'lf £)..:J~"'lf11 U..:J SjR1,."Ji1 [Jt,.n1'1 • 
~tU"101a..:JEifl'lf£)..:J2J£)ffi1Ld£)..:J~1n~a'lf£)..:J Microfiller Effect LLa: Badogiannis, E., 

Papadakis, V.G., Chaniotakis, E. and Tsivllis, S. (2003) [5, 14, 15] '~n~1n..:JVit]~n'1'12J 

~fl £)Uff,.£)..:Jtl £)01a..:J'If£)..:J fl £),.n1fllf1 m~ £I ~"'lf11 LL'Yl"~'Yl'11 [J~:f11 t ~01a..:J ff..:Jn11fl £),.n1f1 

'lf11a..:J ~ u1a..:J'11JLL'1..:J£)flLn2J2J1n'lf"L,.L1a1£),..,.LLa: "'1:[J: [J11 u1a..:Jn~:\y..:J 

'II 

.I ..
tn'12Jfl1'Yl 90 1,. 

.JI" ••
Xiaoqian, Q., and Zongjin, L. (2001) [6, 14, 15] J11n1'1f1nWln1'1Lfl2JfI,. 

... .JIt ....t .......~ .1' .... ~ t .t .... 
t "fl£),.n'1f1~:J11 

n11L~2Ji1[J fi..:J,f,.n1'11l1~"'lf11~Sj£)El2J1n2J1[Jt,.nEl..:Ja"2J1t"LiI"R1"~ff2J'If£)..:J1fffln£)m..:J 
'II • 

• ..... ... ~.:. .. t.,.t" .. .,., ... .I tJfl £I fl £),.n'1f1ua £1mVi£)"1J1 mVi2Jfl112JLL'If..:JLL'1..:J ,.fl1"u1a..:J £IfI ff12J1'1tlLLn'lf£lLff[J'YlL '11:LLa: 

LLfmJ1[J'i LLa:LiI,.n1'1L~2J2Jafi1'1f£)..:J~"'lf11tl1[J 
'II 

2.1) L~\[Jtn'1:IJ'lf1~ 
"... ... .. • .. or. or ... !'I • ~ tJ'1:L'Ylfl L'Yl[J2JLm4L[J1J'1'12J'lf1f12J1n2J1[J (flnflff'YlD' fI'1LLff..:J [7] ) LlJ"LfI~L'Ma£)'Yl..:J~1n 

1l1flLn~'1nn2JLLa::£)fI ft'l'Mn'1'12J lf1 mOoVi1:Li,.\[J2J::Vii'11(Coir) ~1n £I 91 ft'1'Mnn2Jn::n LLa: 

~1..:J'!i11~1nn1'1Ln~f1'1 ~Sj ,j£)il 'Ma1[JtJ'1:n1'1fi..:Jd''M1J1[J Lfifl;1'''L£)..:Jfl12Jtn'12J'lf1~ Sj\"lfl2J 

'M2Jflh LiI"'If£)..:JL'Ma£)fl", Sj'11fl1tln f11\lfff12J1'1tl\,raflti"'Yl,.n1'1~ifl Sjff2JU'iL'..:Jnail Sj
'II • 

fl112JLL;i..:JLL'1..:JLLa: 2J£)flalff..:J fl112J'M""ILL\L"~1 f11\'Mii,r1'M1.LmU1 n1'1n,.fl112Ji'£),. 'Ji1[J
• 'II 

o1iflLLa::afln1n'lf£)..:JLi[J~lnLn~'1nn2J~f1ft'1'Mnn2JLLa::n1'1afln1'1f11a1[Ji'Vi[J1n'1D"1'12J'lf1ii 

lf1[JSjfl112J Ltlflty LLa:Sj 2J1"l1 £)..:Jn1'1La £In L~\[J2J::ViTl1 LLa::~1..:J'!i11ti..:J'11 [Ja::La[Jflfi£)'tJd' 

2J::ViTniflLiI,.w'lf'lf"fI'Md..:J~i2J~,.fri1JLfI'1~!fi~LLa:i..:Jfl2J''Yl [J 4..:J ,.£)n~1 n~: I'fH 

'11[J'lI.~LLnLn~m'1~tJ~nLLa1u..:Jn£)\~Lfifl£)flft'1'Mnn2JLLtJ'1'1tJtl£lLd£)..:JLiI,.hfl18..:J£)£)nm..:J 
'II ~ • 'II 

'11[J'lI.lfLLnlh:L'Ylfl'tf amf..:J u..:J LiI,.ch,.'Mit..:J\ ,.1nf1f1fl,.,'Yl[Jlf1[J LOoVi1:1tU,.tn'12Jn1'11J111lfl 

.. .. .. ... tJ" .1'.1 tJ tJ ., " ....(fftl1U,.fla..:Jff2J£)..:J'If£)..:J'lf1<i1 [7] ) 2Jn1'1 an L"'YlnVi,.'Yl'lf£I..:J '1:L'Ylfl '1:2J1nL 2.04 a1,. L'1 2J 
'II • 

~ a ~i f12J :Vii'11 Lfh nu 2.75 a1,.fi,. Sj ifl81 ,.n1'1\,rtJ '1::1 [J'lf11'LLtJ..:J LiI ,.n1'1u111l fl 

1l1[Jt,.tJ'1:L'Ylfl i'£)[Ja: 60 LLa:: i'£)[Ja: 40 Ltl'MW \,rt,.£)f1ff1'Mn'1'12JLLa:R..:J£)£)n LLa::SjLL,.11\t• 
2J'If£)..:JtJ12J1nLn1'1t'lf L-A2J~..:J;1'''\''LLtia:n 4..:J8..:J~atlf'lf£)..:JL'Ma£)\,r ~'tl ~1n2J:Vii'11n [J£)2Jii 

.I' "tJ ., 
'U 

~., ,,_! -.t.... .. ., .I" ., .,. ~.. •tJ'1:2J1nuJ1n'lf,.f112J L fl1t1 • ..:Jtl1 UJft'12J1'1tlrI1~flL'Ma£)L'If 'Yl LfI~1n2J::Vi'111L'Ma1,.,.n~:ff..:J~a 
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"1tl1HiflUCU'M1tifli-:JLL1flamJ ~-:JLtiflLL l'1~f11fl Un11u1Lill.tmJ:~fn~J1tJ1:~ntf 4-:JLill.tu~: 

~i11 Ltll'Lill.tml1n~'!r'M;fJLill.tmllJaalaR (Cellulose fibers) Ltll'flTfIulllLfl1rt'!r\4fl'M\1-:J 
'II 

Ltifl~l1mllJa~ 1aRmflLn1:nl'tl1U~l'tr:LfliiLtll'1~La~a t'Mqjii\yfl1Lill' (C6H1005)x na11flfl 

tl'l~LanaLlIJaalaR~:Lti~~l1n'M,hu1~Lana.E1 (Repeat units) ufliunl'Ltll'R1UU11 'M\L1u 
~ '" ~ 

1~Lana.E1 flfl LIlJalalulaR (Cellobiose) Ltifl~1n{jti1 nalflR 21~LanauflLn1:nl'tl1U~l'tr: 
~ '" ~ 

e-o-C tl'l~LanaLlIJaalan:ii'Mlilllfl1fln.a (-QH) fJ[j~1n~1U~:"1'M,r1~tl-:Jflfl'r, 'M;fl 
~ '" 'II '" 'II 

LtifltJ 1iti1u1iunu'Mlitr1fl~l' 'J n11ifl L;U-:Jtl111 fl-:J 1~ LanaLlIJaalaRiifl11~ Lt1l'1:Li] uuw 'II ~ ~ 'II 

(Crystalline) fifll'1i1-:J~1nflfl 85 - 95 % LLa:1:wi1-:JR1U1~La~a~:iin11ufliunl'tl1u~l'tr: 

lulfl1L~l' (Hydrogen bond) Lfll'1:u: 'J 4-:Jii~a"1tl1'Lill.tmllJaa 1aRiifl11~L'MilU1LL~-:JLL1-:J 
'II 

fi fll'1i1-:J R-:J J'1'M,rmU1 b'M~1:~~:U1 ~1t 'Il'Ltll'cf1l'tJ1:nflU1I eJ-:Jfl fll'n;flUaemllii'uJ'1'M,rn
'II 

L~eJtl1'afln11LLflni11af1J'1'M,rnflfll'n;flLLa:Ltll'n11afltil'rt~n11~aflLLa:,hUr'l1i'l'iRfl 
~ ~ 

L'MaeJt'll'~tl~1n~:~tl1 

n1:rt11-:JLn1!t<;)1LLa:R'Mn1nt(tf1,rn~luU1ULLa:~rttrfl1Rflf"'11[9] )ltltf111~ 

~a~afl1i11LtJafln~1tJ1-:Jt~L"eJ~~tl1!t1l1fl~ 2550 ~:iitJ1:~1m 7.440 a1~t1~(~~1 : 

n1~n11fl1ti1-:JtJ1:Lrtfl) LLa: (fl1.aflflTiau n11m~'!r [10] )ltl~a~afl1i11t1a:lli~1n11 24 
~ 

a1~t1~1i11LtJRfln~:ii~1-:J1i11L'MaeJfl-:Jt~~1lli,reJun11 30 a1~t1~ ~l1nUCU'M1Ln1!tfl1n1L~1 
••1" • ~ 'I ••1 11.1 .r ~... ...1 ...... .r ..I
n1-:J1I11L'MaeJrt-:J L~~1 nI1L~1n1-:JeJeJn LlJ~l1n~~rt'Ma-:Jn11LntJLnU1 LL~L~U-:J 50% 1IeJ-:J~~rt 

"1~1 t ~tJ1:L rtfllrt unlil:Ltiflfl11~RflILiUtr1fll~lfl1L~~ltJ ~1nn11 97.500 t1~ti eJtI 
'" -II ~ 

~eJR~fli'R 3.600 t1~tiElii LLa:1~LLrtRL.U~~1nn11 61.500 t1~tifliJ 11~,f-:Jr'l1~:n~an 
... 'i1 ..I... ..1.....1 ~ .1 ~I6.750 fl~f1eJ ~afl1'!1eJ"tr1f1eJ1'M11rtRnILRU~1n11L~1n1-:JflflLQaUlJa:lJ1:~1m 3.981 ct1~ 

'" ~ ",-II 

U1rt n11L~1~1-:JlliL~U"~:"1tl1'Ltiflfl11~RnILiu rt1-:Jti1~Lfl11t!ti~LLa:fl11~flfl~R~U1nt
'II-II ~ 'II 

11 fl-:J~~ ~1~~n"1 a1ultJ tJ-:J Ltifl ~an1:rtuti eJ1:uun11Ln1!tfl1LLa:i-:JLL1flaeJ~ lflu"1t l1'Ltifl 

fl1~M1tt~fl1n1f1 eJm'MnD'!Ifl-:Jlam~~R-:J;f~ L\1eJ-:J~1n""lt~Ltifln11R:R~1J1~1m1leJ-:Jn111J 
~" 'II• .r..... ... ~... ..t ...... ... 'I .Jl....... • 'I"y'..I


L1eJ~n1:~n~1n1l~ 1:UtJ~L1f111eJ-:JR-:J~'D1f1nnfl1a1U 1trn11'M~-:J L~n11r11~fl1RflL'MaeJ L'Drt 
'II ~ 

11 .. ..t .. .. 1 'I" - ••1 _tr: ..I 1"1 ... ..I
Lfl~1mn1!tfl1nn~LLa:n11afln11f11a1UR-:JLL1flafl~ flU L'!rflmR~Ufl1leJ-:Jn1-:J1J11rtLlJ~1Rflrt 

~ ~.. .. 
iiU1'M,rnLtJ1 mU1~1~ R~flfl~n;fl~:"1 t l1'aflU1'M,rn'!l eJ-:Jflfl~n;fla-:JLLa:il fl-:Jn~fl11~ifl~ ltr 

LLa:"1t ~nfl1lliR-:J~1mrm11 Lfiuunun11~R~1Rfl ~~ LLti eJ1~"1 t l1'r'l1a-:J'!Ifl-:Jfl fl~n;flflna-:J'" ~ 

4-:JR1~11nu1ltlt"nu lfl"-:JRi1-:J~llitrfl-:Ji'uLL1-:J~1nlti ~-:JL'M~1:~~:U1~"lt'll'LtI~cf1~tJ1:nflu 
'!I fl-:JfleJ~n;f1Ua eJnllifu,t1'M,rn L~mtl~n11afl.r~rt~m1~aflantl1U 

~ 
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2.2) LLmUJ (Rice Hush ) 

LLmnJLthriRtlL"aa~-3'Yl1.m11Ln~f11 ~-3'i~1nn1:U1OUn11i"Ji11 (Elfl1OU \taEl 
" 

R111tlL[11], tl\tn-31ou~ii~LLl'i-31f1~ (2540) [12] )Lou1l,,\1-3 ') ihA1I1tlLLLm~UR-3ii-3t11:1I1tlL , v 

5,878.14 ~ouiou ~1nnl1i111~IflElLt1\4n-31OULfl1~!ihJn11Ln~f11 n1:'Yl11-3Ln~f11LLa: 

~n1m Loutl 2540 11 a-3L"aa~-3 L"a1iiu1-3Lhou tlml1'tiL'itl1:1U1f\1'LtlWiJEl 1Rfltl,a-3OUaOUv , , v 
.. "k 1'1 "k t. "k.¥.. ..I,.. , .. ... IL T

OUL1-3L1aOULaEl-3LlJfl LaEl~ n ouamnnOU1lLtl1 'Yl fl~nnn11Lr41 "1I11a-3LLnaU El-3R11111tlR~aan 

111Elti1-3t11:L'Ylfl'tliinLOU11fl1i11ani"lIa: 3-4 U1'Yl ~-3\4U11LtlOUr4a..,aa El'i ouam"ilmnnn11 

LiLtiOULL"a-3.., 6-3-31OU'YlflLL'YlWil1nn11fln~1t1OUfl11ff-3 LouLLa:ti1-3t11:L'Ylfl ..,U11LOULLnau LLa: 
"k .. ... tI~'" :'1 tI ... .. .. tII1ILtl1LLnaU 1IR11 1:nalJ"Dafl1(Sillca) LlJOUR11 1:nau"an aEltl-31aEla: 95 R11 1:nau v 

fl1flU'DLfl1f1LOULLnamhou1l1fILtlOU..,1nCellulose LLa: lignin LLa:ihA1I1tlLlt11LLflRLtElli 

1 ... .... "":'1 .........I.e........... ......1

(Potassium) LLa: flaou (Choline) LanOUaEl OUU11LlJOULL"a-31f1t1flU'Yln IflqJanLL"a-3"OU-3 'Yl 

\4U1OULLti~::ih ~lI;i'ou LLa:ii1D~n1n11r4afli'U 4lafl1LtlouR11t11:nauitou'Yl1rJ tl1:naUtl1 mn~ 

4lftflaOU LLa:aantiL~ou ij~aL1Eln'Yl1-3Lflij11 tiaflaOU'f1aan'IJJti R11t11:naU1fitfl\!ijRlIufiLtiou 

QOU1OU '~hl1'~yhLLa:fl1111iaou 'Yloutian11nflniaou~1nR11Lflij ..,U'if1"1'tI LouLL"a~LLi 

1Jn1l1f1~'Yll1El~flLtiouLL"~-3tiafl1"'flnl~1l1111L-HlouaflR1"n11111flEJLQ"'1:aflR1"nnlILLn1·111, , 
... ... 111 ••1'" tI ... ..I r... .. .f ... oJ L"LlJfl1l1n LLa::a!'YlOU Ln LOUEl-3~1mnaUL OU1RtJ'Yl1l 1"oumU1 tl1 ....1111r4RlIflaOUn1f1~::1I~1 "afl 

,11,,\4n1la~flaOUn1f1'.rLLa::"1L\f11fl1'~R-3111n\4mi1L;;EllJflUn11r4R1I1Rfl~OUv , LLtia1~"1L\f 

Th6-311a-3flaOUn1flflna-3 ~-3R11111tl1l1'tIt 'inuIfl1-3riH~'~tia-31U LL1~1I1n'tl LLa::L\ta-3~1n 

LLna1JLtlou1RtJL"aaLi'Yl1~n11Ln1!tf11 ij~1OU1OU1l1n LLa::1f11,j'1ouf1"1'tlR11111tl,,1111L1fltlJ1El 
... l:... ~ '1~ 1'1 ... L ... ....., · r ... ..1 ... 1'1 'I..!'an'Yl-31111fl1tln L"111::'Yl~: L"D LlJOU1Rfl OUn11r4aflflaOUn1fluaan 1I1U 1"OUn'Yl L..,aLlJOUn11 L"Dv , 
... ..I... L-~tI 1" .. ...1Rfl'Yl1l1l1n 1'111 1:: El1fOU LLa::aflflOU'YlOUn11r4afl, , 

~1nfltlLRlIu"i1la-3tlOU1l11 LiouLElll:..,i11 ~1~"Ji11LLa::LLn au ija U1I1n1l1 ElLou , v 

na-3flou 1I1t11::Eln 911iLtI~thOUr4R1I1I a-31RflTlawrHfla flaoun1fl1l1aUftan LLuu'~i"u,11"\4n, , 
1-3\4U LtiOULLOU1fl1111flfl~ ijtl,:lEl1f\l' LLa::u1tlL1n11n11Li1Rfl~ij L"aaL'i~1nn11Ln~fl1 

L 
v ,
 

.!" ,,:, A ....~,,:, ., .,

~1OU1OU1l1n OUTla-3tlOUL"'ElaOU1n~R-3LL1flaali(aflllaW~~1n11Lr41~1-31111LLa::n111Jfl'Yll1El), , 
L~ aL~lIn1111afh L~ an11LhLLOliL\f1fll1fOU LLa::u;1i'Yl1i 11 OU1 91 Lftn'tlr4afl LtlOUr4ftflzltlLttiv , 

fl aoun1fl1l1aUftanLLuu'1ifu,11,,\4nr4RlItlOU1l11 umLElll::..,i11 ~1-3"Ji11LLa::LLn auL\fR11111tl 

1l1111L'itl1::1El1f\llti~;-3 toun11Tlam-3,j'1ou~na1"El~aoui"n~"'6~-31ou'tlaU1~ijtl1:inill1'", 
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.... 1.1 ' 'r .......
1.2 '1"0• "::.~"1IO~Ull,.~n1"'1;aEl 

tfl1.:1n111itlflElUn191Uihmlli1U.J'1'M\t'n ~s.i,*1U~LUJ '!lEl.:l UWiLaJUtfuElffluautf 
'II 

'Yl11t1 ua:: flU'!l11 LiuLtl2J::~tl1 l'J1.:1"1i11Ua::Unau ii191ClU1::W.:Ifl i.:ld• 
1.2.1.	 L?JElftm~t1~a'1l1~'ri flElUn191UaElnlli1U.J'1'M\t'ntfltlL-l flU'!l11 LRULtI 

.. ..1 .. iI .... .:.. I .. ",. ~ .... 
aJ::~111	 n1.:1'!l11ua::unam U1Wtl~WaJL~aJ lJ1::W'Y1tr1l1~n11lJEI.:InUfl11aJ•..
 
1E1U 

1.2.2.	 L?J Elftm~1'M189111 '*1U~L 'MaJ1::WaJLUn11L-l1Wtl~WaJ Ltl'M1Un1flElUn1tl• 
uaElnl:l.ifu.J'1'M\t'n ~ii,*1U~WaJ '!lEl.:l UU.LaJutfuElftluautf 'Yl11t1 ua:: flU 

'II 

'!l11 Lit.LL£JaJ::~n1 l'J1.:1"1i11 ua::LLnaU 

...	 .. - - ... ot 111­1.2.3.	 L~ EI'Yl11UCl.:lflmWaJU 91'Yl1.:1n1 £J1l1~ ua::alJU 91'Yl1.:1na'!lEI.:IflElUn1tlUaEln LaJ•.....r ......1'1.. .. .. 'I .. ..1 .. iI ....
1UI41'MUn'Yl L1f tlU'!l11 LWUL£JaJ::~111 n1.:1'!l11ua::unam U1Wtl~WaJ f11aJ• 
aJ191111'1u~a'111~'riEltlW1'Mnl1aJ 58 - 2533 ua::fl~waJUin11Lilunu1uJJ.	 • ..
 
fl11aJ1ElU 

1.2.4.	 L?Jtl~~U1U1UU1.:1~atl~aflz1m'ri flElUn191Ua Elnlli1u.J'1'M\t'nttl£JL-l flU• 
.. 'I	 .!!... ••1 .. f'1 .... ':'.1" ",.

'!l11 LWUL£JaJ::~l-11 n1.:1'!l11ua::unamlJU1W~~BaJL~aJ lJ1::W'Yltr1l1~n11 

~.... ....I... 
lJ El.:lnUfl11aJ1E1U'YlaJ11fl1Cln 

'II 

1.2.5.	 L?JElftm~fl11aJLilulullLun11\t1flum1 LiuL£JaJ::~n1 l'J1.:1"1i11ua::unau 

aJ1L-l.:l1U~1.:1LUn11~afl flElUn191UaElnlli1u.J'1'M\t'nltlElth.:luatlflz1£JUa:: 

L'MaJ1::~aJ 

1.2.6.	 L?Jtl\t1~U'!l11 LRULtlaJ::~n1 l'J1.:1"1i11ua::unau~s.i"1U1UaJ1nLufiEl.:liiu 

aJ1LiLn~U1::ttl1f~ua::iiaJa~1aJ1n(ultlaJ1n{u 
'II 

1.3	 1IOtJL1I"t..,.~n1,.iiEl 

Li4E1L1fn11ftm~lflElUn1tlUaElnlli1u.J'1'M\t'n~ii,*1U~WaJ'!lEl.:lflU'!l11LiuL£JaJ::~n1 

l'J1.:1"1i11ua::unau Ul1afl1aJ~f1li.:l'MaJ1£J~11.:1l1Wii£J~.:Iltlrl1'MUfI'!lElUL'!l9ln11ftm~1l1i.:ld 
• •• 'II 

1.3.1. L"JliU'!l11~1ni.:l'M1f11::UEl.:l ua::1'M1ElL'!lfl1l1flna1.:1 

1.3.2. L-lLiuLEJaJ::~n1~1n LUL'!lfl1l1flna1.:1 

1.3.3. L-ll'J1.:1"ll11ua::unaULUL'!lfl1l1flna1.:1 

1.3.4. EI Eln UUU a9l11 ,*1U~ L'MaJ1::BaJLun11L-l1wfI~BaJ fl ElUn1f1ft1'M1Un1• 
... ot 1II ......r .... ..I ... - .1 ~ --.1 __ -­

flElUn11i1UaEln LaJ1UI41'MUn 'YlaJW1U~WaJ '!lEl.:l lJU"IIL2JUfllJEl1f1UaUfI 'Yl11£J 
'II 

flU'!l11 LiuL£J2J::~n1 l'J1.:1"1i11LLa::unau lli\t'EI£Jni1 3 89111W1U 
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1.3.5.	 n~wav~Uin1~n1un1~ua:n1~na~a~fla~n;~i1~;vn1fla~n;~vaan 

llin.J1h~ \t'n 
~	 ~ ~. 

1.3.6.	 n~WaVWlIV~n1~n1Un1~Ua:n1~nafl111111~1fl~~a~nnL'rI~~W1~n1111 

58 - 2533 Ua:flnLWlIUin11LiI~Q~1~fl1111ia~ 
~ 

1.3.7.	 tJ1:uncfll,ruvmhaa~n11L-AlItJ1:iflin1~W~W~ (Optimization Model) ~1 
~	 ~.. 

a~11Lh~ ~ L~ 1I1:WlIt~n11t11'1W~~WlI "1~;vn1fl a~n;~va anllii'lJ 
~ 

.t ...	 ..I .. , tJ ~ "tJ f .. ... .!:' .. ....1~~n	 nllW1~~WlI ~a~ ~"JILlI~~ a ~ua~~ n11U ~~~11 Ln~LU.. 
lI:~tl1	 vh~"li11 ua:unaU;l1n~an11n~WalJ 
.J.ktJ ..I ...... 1	 ..1.3.8.	 JI1n1'~~~1 ua:n~WalJnW1~11'J(11f11n1111 utl'1 flnL:fl1f11W~1.. ~ 

a~W1~nnll 1I~11nU1am nfll~lai111'J(1I~fla~1:~fl1ua:/~;a n1fl1'J(1 
~ 

1f11n1111lmJ1 flnL:1f11n1111f11W~f 1I~11nu1auLnfll~lai111'J(1I~fla 

1.4 tJ'tt{U!f,{fI",,,'h"it1.nu 
1.4.1.	 W11111f1rn~lIafi1L-AlIt~nlJil~~11n1ut~i4'~~~a~i~~1~~LiI~u~~~il~., 

~11 

.. I": ...~... .... .. ••1 .. .. .k ..I
1.4.2.	 W11111f1~~lIafl1L ~1I Ll'InlJL~LUlI:~111 .,,1~~11ua:unalJn1U L~~~n., 

~a~i~~1~~LiI~u~~~Li\l,tUlI:~tl1 ~1~"li11ua:unalJ 

1.4.3.	 W11111mi1i~~a~L~aat11";l1nn1~n11Ln1!tfl1 a~n11n1a1ui~U1~aallua: 

a~m1111'n-m U1n1lfnll'J(1~ 
...~ I , lItJ .k..l I ..... ...

1.4.4.	 W11111flaflfl1 L'D';)1U L~n1~~W~~~~11 L ~an~wyt'JJa~u~a~~~~11 

1.4.5.	 n11lJfl1111L~1I1:WlIt~n11;l,;):U1il~~11~WlILi\l,tUlI:~tl1 ~1~"li11ua: 

UnalJ1l1t -Nt~n11iJ a~n~fl1111ia~ t ~~\t'~ a1fl11 ua:W11111nU1 LiI~a~ti 

fl1111.ffil.ntJt1TLiI~1W~tJ1:nalJt~1~1Wflrlam~l~., ~	 ~ 

1.4.6.	 W11111f1t~fl1111it ~n11t1Til~~11~WlI Li~tUlI:~i11 ~1~"li11ua:unalJ 

L~ lItJ1:::infn1~n11il El~n~fl1111iEl~t ~~\t'~ El1fl11nlJn1fltnn';) ua: 

'J(1I'J(~ [nut~i4'~~LiJ1~1I1U 
~ 

~ 

1.4.7.	 ltl1W~riEl m~'J(\1~t~li;l£iflnLWlIUiLiI~Q~1~fl1111iEl~;lilua:£i11mnn 
~	 ~ ., 

..	 '.......1 1'1..1 ... ..!': ..
1.4.8.	 L~U~lJ'I1fl1111L~mL~1 L~111W111'J(1n11nL1J~'Y1 UEl1l1lJElU1~n n~~11~ L~ 

W1~11"ll1	 ,f~t~tJ1:L'YIf1ua:.h~tJ1:Lnfllli11'ElUn11 5 lJ'YIfl1111 

1.4.9.	 L"li1i111U11U1 ut~~1~tJ1:'J(lIillll~1~El~~\L1u~1~;lLrlU1"liEl~ L"Ji~ lUnI 
~ 

U~~'J(1~ i~U1f1aElllU~~tJ1:L'YIf1l'YIU 'ia'i 
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1.4.10.	 ,hn1'1vtl i'Yli1Ttl'1t~~111"lJ £l.:l fI nL:f1'1ff1 a'tlf£ltl a'1~n'1'111 1I~11'YlrnatI 
~	 ~ 

L'Ylfll~laih1"lfvn:~f1'1 

1.4.11.	 a'1111'1tlrn.:l f111Ui111ii £l'1:wi1.:111~11'Yl rnatI L'Ylfll~laih1"lf1l.:lflavn:~f1'1 

LLa:£l.:lf1n'1n1'1l.Jnfl'1£l.:lft1~fi£l.:lri~(£l1.J'Yl.) t~n1'1lJ'1nL1n1'1.:11~1itli111ri~ 
'II 

91111 tI 'Yl D'ff1a'tliiJ£l.:ll.J'1:L'Ylff 
~ 

1.4.12.	 a'1111'1tlrn.:l\tn1itl~\t1t~lJllht£ltln11 3 f1~ 

1.5 ifJ'lIi"ffLQ"':: 
A A ...	 iJ A ....k ... 
'iI~"lJ11: tl~"lJ11a1.:1 325 L1I"lf (WRN-CMS) L ~'iI~"lJ11a1.:1L~£la:L£ltl'il Ln'1'i1 

'" ... • I ..I"t "'... 1 All .. 1I .L'" .k A '" '1.t'!!!
~l1nLtt1 a'1~]J'1:n£llJ'Yl ....1f1~f1mfl £la L~tl ua:£l1aa£ltl L'tJ9I mJ£l.:lL~£lfl~~a.:ln1'1L~1~:L)'Ia' 

"lJ11 iifl1111'Yl~ l ~a'.:I LVi1l1:81Wr1JLiJ~Lh~~a'1It~L il'£l1a'f1'Yl~l ~ua:t ~Lfl1£l.:lil~L~1~ 
'II	 ~ 

tl£l.:ln1'1f11111"lJ11, ft1~~a'1I,r1a'al.J 81WrlJ.:I1~~a £lUlJlJlf1t1LQvn:t~Y41nmJnnLtti'.h.:lCj ua: 
...	 ... 

~ 

t,n~111Lfla£llJ 81WrlJt,r~a'1Jt~~aflnnLtti'f1£l~n;tllJa£lnl1ifu111~\tn 

Liu.ttl1n'111"lf1~: Lff~L~a£lfl.:l~1nll1f1Ln~'1nn1llf1t1LQY41:Li~ttl1l:'V4Tl1(Coir) 

~1.:1"li11~1nn1'1Ln~tl'1 LiJ~Li~ttl~1n~"lf~1miu.ttIL1faalaa' (Cellulose fibers) LiJ~f11f• 
llJlllLfI'1'Yl"lfitfl~i1.:1Lfifl~1nL'tJa alaa'UfI Ln1:ri~';1 t1~~D': Lflii LtI~111 Lan at ~ ni ii a'fl'1Li1~ 

'II	 ~ "as 'II 

(CeH1QOs)x na11fi£lt~111LanaL'tJaalaa'~:Lfitl~1n~\L1t1111Lanati1 (Repeat units) UflilJ 
~ 'II	 ~ 

ri~LtI~a'1 t1rn1 ~\L1t11:lJLana'li'1 fi£l L'tJalallJ1£la' (Cellobiose) Lfifl~1nijti1 nalf1a' 2 
~	 'II 

l11LanauflLn1:ri~ti1t1~"D':: C-O-C t~111LanaL'tJaa laa'~:ii~1illlfl'1£ln.a (-QH) £)[j 
~	 ~ 'II. 'II 

1I1n1l1t1~:"1~\t1~ft.:l"tl,r1 ~1mfi,,1.I1imrnilJrilJ~1JD'1f1~~" n1'1iflL;t1.:1ti'1"lJ£l.:l111Lana
'II ... 'II ~ J	 ~ 

L'tJaelaa'iifl1111LtI~'1:Lij t1lJ (Crystalline) fi£l~"li1.:1111nfi£l 85 - 95 % ua:'1:~11.:1a'1t1 

l11La'1a~:iin1'1uflilJri~ti1t1~~1J:llllf1'1L~~ (Hydrogen bond) LtI~'1::t1: Cj 4.:1i.i~a"1t~Li~ 

ttIL'tJaelaa'iifl1111L~ittl1 LL;'j.:lU'1.:1fi£l~"li1.:1~.:I ,r1~\tnLlJ1 

f1£l~n;'iIlJa£lnJfI£l~n;tllJa£lnan~nL:na1.:1: f1£l~n;"lJa£lnl1ii'lJ,r1~\tn'I~1f1 70 

X 190 X 390 iiaaL1I'iI'1 R1~t~qj~::iian~nL:na1.:1 (Hollow Concrete Block) 

ttl1l:Y4Tl1: LiJ~Liu.ttl~1n~"lf~1miu.ttIL'tJaalaa' (Cellulose fibers) LtI~f11f 
'II 

llJllJLtl'1'Yl"lfitfl~i1.:1 Lfi tl'J1nL'tJaalaa'UfI Ln1:ri~.r1 t1~~n:Lflii Li1~111 Lanat ~ niii a'tl'1LtI~ 
'II	 ~ "as 'II 

(CeH1QOs)X na11fi£lt~111La'1aL'tJae lan:Lfitl~1n~\L1t1111La'1a'li'1 (Repeat units) u"ilJ 

ri~LtI~a'1t1t111 ~\L1t112JLana'li'1 fi£l L'tJalallJ1£la' (Cellobiose) Lfifl~1ni:l.r1 nalf1a' 2 
~	 'II 

l11LanautlLn1::ri~';1t1~"D': C-o-C t~111LanaL'tJaalan:ii~lJllJfI'1£ln.a(-QH) £)[j 
~	 ~ 'II 'II 'II 

111n111 t1~:"1~\t1~".:Ifltl,r1 ~1mfifl1.l1imrnilJrilJ~1iD'1fl~~" n1'1iflL;t1.:1';1"lJ£l.:l111Lana
'II II 'II ~ J	 ~ 

L'tJaelaa'iifl1111LtI~'1:LijtllJ (Crystalline) fi£l~"li1.:1111nfi£l 85 - 95 % ua:'1:~11.:1a'1t1 



• • 

9 

11JLana~:iin11Vfl~1.JnlL~1u~lLn::'tJlfl1L~lL (Hydrogen bond) LUlL1:U: ') 41~ii~a"1t~Li\L 
~ 

L£JL1faa1ariifl111JL'VI\LU1 u;j~u1~fi EllL'!i1~r~ ,t1'V1inLlJ1 

1r"~~~LUlL~1aft11: ~i~~ii1J1aft11VfI~"nlL~1~~~i~1f1un11rlEl'VI1Eln1TMaEl 
~ 

...... .., 1""-' ., .... fill ..,.... .... 

L'!J1f11 unlL L"!IlL ~lL~nEl tl!1JEllll ~lL~nElfl EllLn1f11.JliIEln ~lL~n Elfl EllLn1f11J1aL1.J1 ua:~lL~ 

fl EllLn1f1LtlL1~J1l 



• • 

UYIYI
... 

2 

... , Wool... Wool • Wool..J Wool ..:
2.1 n10UU,..1f111a1f1f1 "n11 "fI,..W11Nllai LII,.. '8a1t"'11 Yl1fW11UatUnaUL"a1 

1I1tiYlBn1"n11ilofn"'fl11a1io"""'N,wflO,..n~IIU;on" 

Lt1'U.nTnifll'U.1 ~i tlziW..rffl £I'U.n1tltJ lhm1fnfllli'imh.'1,rn L~iifl1f11111 Lt1'U.~'U.1'U. 

... .I... ... _.I 1I •...i ..1 - ... _f' 1 'I'"I

f111111£1'U.fltm11 LLft:lIfJ w.«lItJtl E1'U. S) LlIYl1n11f1111tl1!1'U.~ft"11 w..., ~tl«11'1n1111 tl £I L1f 

1.h::1£11f"~1nflw.«lItJ"i"El~il'U."11 Li'U.L£llI:~Tl1 ~1~,j11LLft:LLnfttJ iimj1l1n1l1£1L'U.fi£l~ri'U. 
~ . 

1I1th::£Intl1,rLtI'U.tf1'U.~NlI LtI'U.LL'U.1f11111flfl~tJ1w.1n11L 'Il"«fI~ iiL1'Ia£lL'Il'~1nn11Ln1!tfl1 
~ ~.. 

~1 'U.1'U.1I1nL'U.fi£I~ri'U.L~ El £I'U.'in ~i~ LL1f1a £Ill (ftflllft~1!t~1n11L~1~1~,j11 LLft:nTf'IJ flflTl £I) 

. ~ . 
L~ ElL ~ lIn1111ftfl1 L~ £In11tf~ L«111L~1f1l1f'U. LLft:tJ1~fI't "'U.1f1 Lanlti~ifl LtI'U.~itlziw."; 

... • '4 ,''' •r ....1 
~ 

- ... 'I ... ..1 ... '1.t'
fI £I'U.n1tl1l1 fttJ ft £In LLtJtJ L1I1tJ ~11'1 'U.nfl ~ «lIfl'U."11 L«'U. L£I 1I:~111 n1~"11 LLft:LLn fttJ Ll'I 

«11111nll1111L'Il'1.h:l£1'1\rtti~1~ L'U.n11ri £I «11~U1'U. ~n £11";£I ~ £I'U.'in~~ i~~1'U. lti£I [h~ii 
~ 

l.h:inill1~ LLft:Tlfl1nn.. 

2.2 Y1q»fi IIUl!iS1,.. Uatn10UU,..1f111a1A"woftfl1fn1ni'8 

1f11~n111i£I n11L'Il'il'U."11~«1I Li'U.L£l1I:~i11 ~1~,j11LLft:LLnfttJL~1It11::iflf 

111~n11i1£I~n'U.f111111£1UL'U.~,r~f1£1'U.n1fttJ a£ln «11111nL'Il'~1'U.~1~L'U.n11~iftfl £I'U.n1fltJ a £In 

lli'itJJ'11'1,rnlti£I ~1~t1ftElftzi £ILLft:L1'I1I1:«1I 1ft £IiiTl £I ft: Lii £Iftflfl1!tfj «1I ~ ill1 'U. LLft::n1£1tJ 

LL 'U.1f11111flflL'U.ti1'U.n1":i£l'U.'in~~i~~1'U. f1W.«lIUifl1~n1 £1111 £ILLft:L'i~nft f11111LL;j~LL1~ 
~ ~ 

... ",,,, _f'''' ... 111..1 ,kI 

1I1ftTl)1'U. "£I~1«~LLft:~~ftllW.'" fI~Tl£lft::L£I£lft"£1 L 'U. 

n11L,r,«ft £11..1 n1ntri £I «11~ L~ £In11£1'U.'in~~ i~~1'U. CW1,rn tf~ L«111n11£1'U.'in ~ 
• 4 , ~ 

~i~~1'U.(«<<£I.) [1]) 

Ld£l~~1rl Lii E1~' fI mtl'U.t11:LflfI~£1 ~L'U.llii£l1n1f1LLtJtJ1£1'U.4'U. LL'U.1f11~1'Id~~~:,l1 £I 

ftflfl1~i~~1'U.1~';hkl1'l11n::tJtJtI'itJ £I1n1f1rifi £I n11i1 £I~n'U.f111111£1'U.L,j1tfi1£I1f111 kl1'l'itJ 
... ... ... ~ .... - • 
tJ1'U.~n£l1f1£1'U.'U. n1l1'lft1tJLL'U.1f11~ £I1f1 

- n11m~f11111Lu'U.L~ntJ«111~LL1fta£lll 

- n11i1£1~n'U.f1112J1£1'U.L~ntJLtla£ln£l1f111 

- n11La £InL'Il'n1n:tJ1 £I £I1n1f1111 £IL'U.£I1f111£1~1~L1'I1I1:«1I 
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.1..1 iJ .. ... ....'lJ'YI 2.1 URfI..:m11 £I..:muua::aflfl11111£1UL~1REI1fl11 

am!tnL::ro£lfi"rmiU~£I"f1£1Un1f1Ua £In(Ltl\rnft"Lmlln11£1ui'n~~a""1U (RR£I.) [1])
~ 

am!tnL::f1'1lU'lJ a"f1£IUn1f1Ua£In ~::~n ~afl t uan1!tnL::~f1a'1~n""1I111nn11 aJlI£I'll 
... to r.. 11 , r .. ..I ... t¥, .1 ,~ .. .:.. 11.1. ...1flU 1I'Y1""Ufl1u 1~unaa:: L1I1u 1~un 'YI~afl~ULUlJ1::L'YIff ua::L"DnU'YI1 LlJfI£I f1£1Un1f1 

ua£lnllifu,r1~un~U1f1 70 X 190 X 390 iiaaLlIfl1 Lhut~lli~::iian1!tnL::na1" (Hollow 

Concrete Block) ua::Luu;\\lulIti1l1mi1£1"~1nii"'f11tm ua::R11111"V.14£1ltiJ1U lliii,. 
."'1,to , .... ..1 .... e'.J .~ ... l: .. 
1Jqj~1 LU~UfI£lun11n£l L'fj1" LU£I"~1n"1"1If11111 LflU"DULUn11.,11"1U£I ~UCi1 £In'YI"U"R11111" 

"1"1UltiL1-U'W,.,::ii~U1~n £IUt ~ qjn11a!1Imy U~:~1n an1!tnL::~ii3n ~1"f11"n ~1""1 t ~'!i£l" 
, to 1"1 , .. .....1............ 1 J


EI1n1ff1l1U LUUULlJUiLU1ULun11nUfl11111£1U'YIfI UfI~mRUfI£I~::LlJ,.,::ua:Ufln,,1U n11f1£1n 

f1::u~f1~n~ £I""1~UUri El LR1LaU~1£1f11ULaU 4"n1LtlU~U"iL1UUU~:~1.h u~~" U1n Lhu,. ,. .~ 

~U"L'lf1::i£l"~1'f1L~1::l1nlliU1m"hlnl1mfifl,r1t1L"li1~U" ,r1~::.lIl"n11a!lI£1qj ua:: 



12 

- ......
"1Tl~LL8f1~f1m81JUflllEl\lflElUn1f1UaEln 

~ 

3t.1uuUn1fJfl1,. •""'lfJ 

Tlfl1,jEl\nb EJ (U1f1) 4.50 

Tlfl1111JtlElfl1.1J(U1f1) 200 

f'iTi8f1+fhLL1~fl11J. (U1f1) I 
~ 

3 
llU1f1(V0lume) (em. ) 

390 

7x19x39 

, 3 
f1111J~U1LLUU(kg./m ) 765 

'41u1UnElUtlElf11.1J. (nEl'\.~,LLNU) 14 

~ .... • 2
~lIIUnf1El"'.1J. (kg.lm ) 90 

'Li'.... U' 21111Un111J 1W.1UflElf11JJ. (kg.lm ) .. 
f'i1n11U1f1111JiElu·K" 

(Conductivity - K value)(W/m.K) 

130 

0.529 

f'i1n11tl1Uf11Ufl111JiElU"R" 

(Resistivity - R value) (m 
2 
KJW) 

0.149 

fl1H1JU1:infn111lEJ1EJil 
0 

(Thennal Expansion I C) 

4.5 x 10-6 

-
,...... ... 

n11~f1"1L1JElLL~~ 0.8 

n11t1a Elfln~U l1iiin~u 

aflTln1141J,111(%) 30% .. .... .... 
n11EJfl~flfl11lEl~18fl(1J1J.l1J.) 

~ 

'41u1Ui~af1.. 
tA1J1mn11F-lattL;\ EJUnUfl111JflEl~n11 

- 0.8 

1J1n 

... 
LrUl~WEl 

~ , ... 
llUf1ElUn11nElm~ J1EJ 

n11t111~i'n~1 
~ 

El1EJt,j~1U 
~ 

J1EJ 

1J1nn1150 11 
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31.h&uu n, till'" •,""1EJ 

.. ...
"afl 

• -Tlfl1Cln-LL" -3 LL'1-3 • 
-n~a-3alnl~~~1~n~~11~fa~'i 
.. ... 
"£lLa'~ 

-£l1~t,r"l~rj,,'ajnnl'1~~rj~ 
~ 

-tia"t'!T1J~ij.l tJ Lij.vn:.. 

~191'1fl~~i9lnmtti~a~n;91tJian'ajn.l\rl~,rn(n'1:'YI'11"~91Wl~n'1'1~.(2533)[13]) 

~mam~nL:~tia"nl'1fll~~1f1'1'1~~i9lzim'rfa9lWl~n'1'1~~a~n;91tJian'aji'tJJl 
~ ~. 

~,rn( ~an. 58 - 2533 ) ijam~nL:,t1'1Jfia ~a~n;91tJian'lf\Lfl'aji'tJJ1~,rn'YIm1a~ tia" 
~ 

LL;j" LL'1" 1JTlfl~l1n'1a ~ LLfmfn ~;£lCh~Li~~~ tflEi~LfI~a1J n'1~ti anl'1ria~a~n;91tJ ian'aj
~ 

i'tJJ1~,rnatll"\lntia,,~1arht,.;i"riaLimha,,~;a~11~~"'YI~{l11'1 '1a~fl1Limra~~in 
• ,I 'I ..... • I .... • ~...... .... ........ I I 

Lnfl"~ L~n'1'1~11J~a 91fll3JlJn9l~'1a'1a ~1.J'1Lan~a ~ L~a"~l1n11Jnl'1L~a a~m ~~'1a,,~a''' am-3 
1J'1'1~fll~:ti a"'ajLtI~Wl L'l!lfIal"t~nl'1tl a~i'tJ ~ a~n;f1'aji'tJJ1~,rn 4"tia"nl'1ij.ltJ1J~ ~;a 

~ . 
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LLti.:ltl\4tlEHIij~1~\l'1~ EJ1tJVUlfl11LLnn11iuntl1JEl.:ltl \4 fl El \4n;f1UaElnla,ii'tJ1i1~ \tn~.:I tiEl.:ln11 ... ... 
nElLLUU~1UUJ .r1\4~1L~HJ;}::tiEl.:lla,iij'El Elii\41ElEli'11 ~;El"1~it~\4 '] ~1t\4n11i.:lfl111~\1.:1ij 

nEl\4~.:Iij1ElElii\4LamtElEl~El11aJ1nn11 25 iiaaLaJfl1 LiJ\4~h\41\4la,iaJ1nni1i'ElEla:: 5 ';)::t1El.:l 

la,iii El LiJ\4W1 L~ fit\4n11La,i El ElaJi'Ufl11aJti1\4'Y11\4LL1.:1atlti1 fl11 aJtl1\4'Y11\4LL1.:1 atl LQ~ El1J El.:l 
~ 

flEl\4n;tlUaEln 5 nEl\4 tltl.:lla.i\l'ElEln11 2.5 LaJn::vnwfla fi1fl11aJtl1\4'Y11\4LL1.:1atl1JEl.:lflEl\4n1f1 

UaElnLLtia::nEl\4 tlEl.:lla,ilt'ElEln11 2.0 LaJn::vnwti'a fl1tl11flEl\4n;f1uaElnla,ii'u,r1~\l'n~ij 
, ~I ~ ~tl ~ ~ .. t .. ..1 .. ...­
W1\4~WaJ1JEl.:l~\4ouLaJ\4f1 El1f1LLa\4tl 'Y111 El LW\4 ElaJ::vn11 n1.:11J11LLa::LLnaU';)::aJfJmWaJUfI 

LfiEltJLfiEl.:laJ1f11=f1\4~aflrlm';ElflW1~nnaJ 58 -2533 tl1\4'Y11.:1ti1\4flman~m::,.t1ltltf1\4. ~ ~ 

fl11 aJ tl1\4'Y11\4LL1.:1 afl f11 n11f1f1'DaJ LLa::flmWaJUi'in11LiJ\4Q\41\4fl11aJi'El\4 ... ~ 

\l'ElVn11 50 
.. 

aJ1nn117550 tl.:l 75 

0.03 
.. , 

35 40LLa::\4El r.Jn11 45 

aJ1nn11 0.03 ii.:l 0.045 30 35 40 

aJ1nn11 0.045 25 30 35 

..... ..... ... .,
fJmRaJUfI'Y11.:1LflaJ1JEl.:lfl\41J11(~Uafl1 1fElft1aJ [3] ) 

~\41J11tl11'\4 (CPB-CM) LtJ\4~\41J11~tl1::nEluti1mfllElal\4f1LLa::fl1El'Y1'1f LiI\4~\4 
... tl ...I.... ....:rI~'l·...I t'! L! ...

1J11a::LElElfl \4'Y111El'Y1tln~fI~1aJ1R::WaJfl1LlJ\41f\4L\4LLEl.:l'Y111U IIfl11aJL~16El1~Eltl1::aJ1mLLtiaJ ... 
fl11aJ'Y1\4l~w.:I L~aJ1::~,;):: l,rLiI\4ch\4~waJ ... 

Chemical 

Composition 

Si02 

% 

AI203 

% 

Fe203 

% 

MgO 

% 

CaO 

% 

Na20 

% 

K20 

% 

Ti02 

% 

Mn02 

% 

LOI 

% 

CPB-CM 74.60 16.70 0.81 0.09 0.10 0.09 0.17 0.66 0.01 6.70 
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- ., :"1 - .,.r... .. ..
9lU1/11a1"'::UEl~ 325 L1I'1J (WRN-eM5) LlJU91U1/11a1"LUEla::LEltl91 m'91tftlllmlfl 

'.1 ..JA-.... 1 -111 .. 111 ..... .r _.. '1_~'"81UlJ'::nElUfI .... 'f1qjflElLfI Ela LUtI ua::El1aaEltl L'D91 LnJEl"LUElflU'Ma"n1,un"'::Ll'ILnJ11 11 

f11111f1U'~8" L'M1I1::Lt1~i'ULtlUft1U~ tnJLULifEl1891flU'~ ua::LULfI~El"~UL~1~iEl"n1'f11111.. ~ 

1/11, ft1U~811,118ilJLt1~i'u"1U'MaElUUU lflm~vn:: LUVnmnl11mttlti1" ') ua::LlLu,11LflSElU 
~ 

Chemical 

Composition 

5102 

% 

A1203 

% 

Fe203 

% 

MgO 

% 

cao 
% 

Na20 

% 

K20 

% 

lOI 

0/0 

WRN-CM5 44.90 38.70 0.70 0.10 0.20 0.60 2.10 12.70 

- ., :"1- .,.r ... .r_
flU1/11a1"'::1-tEl" 200 L1I'1J (WRN-eMT) LlJUflU1/11a1"LUEla::LEltl91 Ln'91LUEl91U 

~U ua::n'::Lrl'El" ft1ulJ,~nElutlflqjflEl LfllEli'utlua::tnaaEltl''Dtl hEl"LifEl~u'Mi"n1'L~1 
LoMi1/11 L'M1I1::i1'Mi'uLi'Ltlud1'El~ 811LULifEl~U~U i1'Mi'un1,;fu,lJ vnn Tableware.. 
~U1u'~yh B!f1U'~ ua::Li1'Eln'::Lrl'El"lJYrU, U~1W.. ~ 

Chemical 

Composition 

5i02 

% 

A1203 

% 

Fe203 

% 

MgO 

% 

cao 
% 

Na20 

% 

K20 

% 

lOI 

% 

WRN-eMT 45.90 36.70 0.70 0.10 0.20 0.60 2.10 12.70 

~U1/11i1"1"L'Mi1a 325 L1I'1J (WlP-WN) ~U1/11LifEla::Leltl91ft1ulJ,::nElutlflqjflEl Lfl 

lEli'UtlUa::Ba'atf iibi"L~1h11El Elm'MS El" LanUEl tI iifl1111f1U'~lJ1una1" ua::ii'h 

Costing Rate fi 

Chemical 

Composition 

5102 

% 

AI203 

% 

Fe203 

0/0 

MgO 

% 

cao 
% 

Na20 

0/0 

K20 

% 

TI02 

% 

Mn02 

% 

lOI 

% 

CPB-eM 61.40 12.50 1.00 0.47 0.26 2.65 3.35 0.05 0.06 6.70 
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~l1n1ia1laflnLtn.JUli'YI1-:1Lflii'JIa-:ltl'U'JI11~::L~'U·;hiiuilllfl.h-:l 'J flrl1l11m11111LtI'U. ~ ~ 

tn'UtJ,::nmJ'JIa-:lfla'Un;lillf1un1,u1111LiLtlW)'«f1tJ alffllffa1'U (Sayamipuk, 5., 2000 [4], 
·:'1 .... 

~ 

-:'1 ............ ~ lit.
Badogiannis, E.[5], Xiaoqian, C.[6] )~1mlJ'U1«tJ ~ «11L~11 L'Ufla'Un1fl Lfl fI-:I'U'UU'U1fl1111"fI 

L'Un11U1tl'U'JI11111~«1Ifla'Un;f1tJaanl1l1tJJ1~\tn~-:lilfl1111LtI'UltJltimh-:lri-:I ua::«1Ifl11 

u1111f11n11fln1!t11iUa£i1-:1LtJ'U~;-:li-:l Li4 afl~:: lflii1«finam-:l'!f\tflL~lifliiflnL«1ItJtlL'Un11 
1'1 .... .....1.... . I .... 

~ 

_.. ..I".,t I 'I'" 
~ 

• "'tJLlJ'UQ'U1'Un'Ufl11111aWYl~ ua::1I11fl1nnn111«f1Q'U1'U'!f'Ufia'U 'Yl1l ,,1\11'U1UL'U'Yl a-:lfla1f1f1aL 
~ 

f"1-3rn-3 f:mmR'7JEJ-3lWu7V1f11V'11i• 
LW'ULun111'!f1~u1,j-:laamtl'U 3 na1lfia umLU~1n~'!f\ll;mnLmlffaa la« LWLU 

~ . 
';l1nifl1\11;mWLUltJ1tl~ LW'ULuui la\ll:: LWLmlffaala«LtI'Ufl1i'ltJltlLfl1'Yl'!f\tfl\llit-:lLnfl• 
~1mlffaala«~flLn1::n'Uti1u~'U1J::Lflihil'Ul11LanaL\II~lii«fl1LtI'U (C6H1oOs)x lfl1-:1rn-:lua::• ~ "1:1. 
n11~fI Lfl1::'JI a-:ll11 LanaLL«fl-:lL'U1l1~tJ1::n atJ lfl1-:1«i1-:1Lflii'JI a-:l Llffaala«iifl1111"t1qJt1a 

~ . 
flnLft1JtJ"i'JIa-:lLWLU nal1fiaL'Ul11LanaLlffaala«~::Lnfl~1n\ll\L1u 111Lana-i1 (Repeat units) 
~ ~ ~.
 
~fli1J1i'ULtI'UrlUU11 \II\i1U111Lanatth fia LlffalaltJla« (cellobiose) Lnfl~1nuti1 nalfl« 2 

~ . 
l11Lana~flLn1::n'Uti1u~'U1J:: C-O-C L'Ul11LanaLlffaa1a«~::ii\llllltlfl1an'a (-OH) ad 

~ ~..... 

1I1n1l1U~::fl1\11\t 1f1ti-:lfltlJ'1 \II;mnfltJ1iffimitJntJ\IIlilllfl~'U 'J n11iflL;U-:ltl1'J1a-:ll11 Lana 
• ;.,I • ~ ~ 

Llffa~taft'iifl1111LtJ'U1::LiiutJ (Crystalline) tla'U1i1-:1111nfia 85 - 95 % ua::1::\II11-:1rlU 

t1lLalla~::iim1~flitJn'Uti1u~'U1J::lfJtfl1L~'U (Hydrogen bond) LiI'U1::u:: ') 41-:1ii~afl1L~LLm 

Lmiffaataft'iifl1111L\IIi1U1U~-:I U1-:1tl a'U1i1-:1ft'-:I ~1n1ia1laflnLft1lUli'Yl1-:11fl1-:1ri1-:1 t1lLana'JIa-:l. .. ~ ~ 

L~LU1Jn1l'!f1tl ~::L ~'U11rl1l11nU1111LtI'Utn'UtJ1::natJ'JIa-:lfla'Un;fllti i-:li'UU'U1fl1111flfl 

L'Un11U1LWLU1Jn1l'!f1tlU1~ft1Jfla'Un;fltJaanllii1JJ'1\11\tn~-:liifl1111LtI'UltJltimh-:lri-:l ua:: 

ft'1Ifl11u1111f11n11fln1!t1iiUath-:lLtI'U~;-:li-:l Li4 afl~: hiii1ft'flnam-:l'!f\tflL\llliflilflnLft'1ItJ"i 

. ~ ~ 

L'Un11LiI'UQ'U1'Un'Ufl11111a'Ufltiua::ii11fl1nnn111ft'flQ'U1'U'!f\tfl~'U flil~1\11\L1 UL'U';a-:lfla1f1 
~ 

tialtJ 

~1n1ia1lam1Li1ft'flatJn1n(nam-:lLY1an11a'U1mS~a-:l-:l1'U an1!tnL::l'!iatil'!imiu. ~ ~ ~ 

'JI a~fl a'Un;fltJaan 1I1fl1~1'U~aflnnL.nfl a'Un;fltJaanllli'tJJ1\11\tn flnLft'1IUli'Yl1-:1Lflii'JIa~tl'U 
~ ~ 

'JI11 ua::tfl1-:1m-:ll11Lan~'JIa~LnLu1Jn1l'!f1tl i-:li'Uu'U1fl1111flflL'Um1u1il'U'JI11~ft1J L~ 
'I .....1'" 

~ 

-:tJ- L iJ .... J!1 .... .. "...1
LU1I:~111 n1~'JI11ua::unatJL~11 1:ft'Yl1J1l1~n11 a~n'Ufl1111la'U 'U~'U-:lfl a'Un1fltJa an'Yl 

~~iifl1111LtI'U ltJltiad1~~~ ua:ft'1Ifl11u1111f11n11fln1!t11iu mh~LiI'U~;~i-:l Li4 afl~:ltlii 

1ft'fln am~'!f\tflL\lllifliiflnLft'1IUliL'Un11Ltl'UQ'U1'Un'Ufl1111ia'Uflti iifl1111u~~ U1~ afln11 
~ ~ 

... t! .... -.. ..I".,t .1. 'I'" "'tJI IUfln111ua::i111fl1nnn111ftflQ'U1'U'!f'Ufla'U 'Yl1l,,1\11 ...1U L'U'Yla~fla1f1fla L. ~ 
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..........
 
2.3	 n1".ufI'l"'l'1'1mn'1'1u/lf1'1I1'Uflff (Information) flLnEl'l!lD" 

tl14'!111 (China clay or Kaolin) 

China clay ~;£1 Kaolin ~;£Iil'ULn1L~a[h' ti£lLLi~5jam.+m::LiI'Uil'Uh114'1 

th::n£llJi1[Jrl11.h::n£llJ~anLan 'J '!J£I'ILLi Kaolinite 

ft'f11Lflii.. A120 3.25i02.2H20 

th'Uth::n£l1J'rt1'1~f15j lftin1 (5 i02) 46 

Ll.J£lfL-D'Utl 

.1 .. ., ..
LlJ £I1LlJI''UfI 

40
 

14
 

fInLft'lIlJ-fI'YI1'1 n1 tJ111 'Vi f11111LL'ii'l	 2.0-2.5 
~ 

f11111ti1'1~1Lvn:: 2.6 

~f1~a£lll1.J1::1I1nL 1,785°C 
~ 

'I	 &- - ,.l - ,I,.l ....1 .. 'I ., ......
Ln1f1 L'U'YI1'1n11f11'!J£I'IfI'U'!J11'Y1lJ1tm1Jflft'f1l1W1'UlJ1::n£llJLn£llJ maLfI[J'In'U 

~ ~ 

1. ~nLam.+n1''!J£I'ILLitl'U'!J11f1111111fl1!1'U A5TM (American Society for Testing 

Materials) 

1.1 Lt1~i'lJl,n'UEJflrl~n1111~ifli: A5TM 0 603-91• 
L1.J £IfL.u'Utl 

lftin1 (5i02) 

£I::aD'U1(A120 3).. 
n11~ll!Li[J1i1~inl'Un11~~1'~~ (Loss on ignition) 

f111114'ULLa::rl1~1::L l;fl~i (Moisture and other volatile matter) 

ft''Ift'fl .. ~ 

,.l., .. 
rllflfl1'1lJ'UfI::LLn1'11I'!J'U1fl 325 LUI ft''Ift'f1 .. ~ 

43-47 

37-40 

10-15 

1.0 

2.0 
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1.2 Lhl1ful,n'U.n11~aflh11 (White pigment) : A8TM 0 603-91 (Reapproved 

1979) 

Ideal Typical Range Maximum 

El:aD'U.1(A120 3).. 39.5 38.80 37-42 A -
-ian1 (8102) 46.54 45.40 43-48 B -
L~ElnnElElnl.~ (F~03) - 0.3 - 0.50 

l 't1L't1 L\LUaJlflElElnl.tl (Ti02) - 1.50 - 2.00 

LLflLu4iUaJElElnllJJtl (CaO) - 0.10 - 0.20 

llJJLiluaJElElnllJJ~ (NS20) - 0.10 - 0.30 

1ViU't1ft'L4iUaJElElnllJJtl (K~P) - 0.10 - 0.20 

ElElnl'IJtf~'U.'J (Other oxides) - trace - 0.10 

f111aJ4'U. (Free Moisture ~ 105C) - - - 1.0 

",r"'\ l "'~ n11~tyLft'U 1l1'U.n 'U.m1b~1 l1aJ't1 13.96 13.8 - 15.0 

1,OOOOC (loss on ignition 

1.000OC) . 
A : UElaJll1El::aD'U.1(AI20 s) iiltl'ft'·mi1;Jfl.hRtl 5% Ltll1fu A1lophane.. .. ~ 

B : UElaJLl1.an1 (8i02) iiltl'R~ni1;Jfl~1Rfl 5% LtlW11J Quartz.. ~ 

2. f1tl4an1!tnL.-uEl-.1uiil'U.1.I11tl1aJaJ1f111'1'U.~aflrltl4'tiElflft'1l1n11aJ n1:'t111-.1 
~ ~.. 

~ fI ft'1l1nnaJ 1.11:: L't1 fll't1 £J 

2.1 uiil'U.1.I11Li~a·aJlhn1:tl11!t (aJEln. 74-2529) 

nun11~ 
.... 

f1man1!tnL:: 
~ ~.. o

mN fln1""" 

1 

2 

3 

4 

5 

6 

f111aJ1.I11ft'11-.1 i'Elua:: l&lummi1 

n1n~t11-.11J~Ui-.1 45 laJlf11LaJfl1 i'Elua:: lliLn'U. 

f111aJl1U11Ja::LBUfl1.IEl-.1tl'U.1.I11 

- 1.I'U.1jJll1qjni1 5 laJlf17LaJfl1 i'Elua: lllLn'U. 

- 1.I'U.1f1Lanni1 2 laJlf17LaJfl1 i'Elua::lllLn'U. 

f111aJflaJlf1FJ1iu1aLau DaaniiJ lllLn'U. 

f111aJ4'U. i'El£.JLil: lliLn'U. 

f111aJLtI'U.n7f1-fi1-.1 lliLn'U. 

80 

0.2 

30 

50 

40 

3 

5.5 
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..l 

..l.., l 1 •1. fl1flflfl1-3lJ14U1-3"141fl 45 2J fl1L2Jfl1 2J 

tB2J1m'£IUa:1l£l-3,r,,,,im)lJLL~-3 l1iLn14 

.,r ... ... •2. fl11~LRU ~"'14flL 14£1-.1'i1flfl11L~12J 

tB2J1m'£IUa:1l£l-3J1",in£llJLL~-3l1ii£lU 

fl11 

3. £I:aD\l.1 (Al20 3) lflUi€lua:1l£l-3J1",ifl
11 

£IlJ LL~-3 l1ii£lUfl11 

4. 'afl1 (Si02) lflUi£lUfl:"£I-3J1",ifl 

£IlJLL~-3 l1ii£lUfl11 

., l" 1'"5. L",afl£l£lfl IJJfI (F~03) flU1£1Ua:1l£l-3 

J 1'"i fl £IlJ LL~-3l1i Ln \l. 

6. lflLflL\1U2Jlfl£l£lfllIJJtf (Ti02) lflu,£Iua: 

"£I-3J1",ifl£llJLL~-3l1iLnu 

7. L",afl£l£lfllIJJtfLLa:lflLfl L\1U2Jlfl£l£lfllIJJtf 

112Jn\l.1f1 u'£Iua::" £I-3J1",ifl£llJ LL~-3 l1i 

-Lfl\l. 

8. fl1~fli1L~-3Lft14 (Linear shrinkage) 

i£lua::l1iLn\l. 
... ... ..l _ 

8.1 ",a-3~1fl£llJLL"'-3fl€lm"'1l2J 1100C 
1 11 

8.2 ",i-3~1~£Im"'llD 1,200 °C 
1 11 

.....l .. 
8.3 ",a-3L~1fl£lnL"'1l1J 1,350 °C 

1 11 

...... • ..l _ ~"..,1fJL"" fl11flfl R£llJfll1"'f1 911'" a-3 L~1 £I1~La £Iflflfltf£l1Jfl£lm"'ll2J 1,200 £1-3'11 LIJJaL"1JU R 

Lnm..ffl,h"",, 
..l 

flntJl1Wfl 1 
1 

flntJl1Wfl 2 
1 

~ntJl1Wfl 3 

1.0 

12.0 

36.0 

45.0 

1.0 

0.7 

1.5 

7.5 

12.0 

15.5 

2.0 

10.5 

30.0 

SO.O 

1.5 

1.5 

2.75 

7.5 

12.0 

15.5 

5.0 

10.5 

30.0 

50.0 

2.0 

1.5 

3.0 

7.5 

12.0 

• 1 11 

• .,.l - ~ • ..l~ -!!11'"
"'1£1fl£lnL"'1l2J 1,350 £I-3fllLIJJaL"1JUR "'1£1flfl-3R£I-3£1nL"'1l2Jfl Lfl 

1 11 1 11 

15.5 
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..I 

2.3 LLi,h~1J11chWi1J£lflLf1Mnn2Ji (2J£ln. 1058-2534) 
~ 

Lnm-rl~fhM14fl 
Tltln11 .., 

f1mfln~m:: ,f14flllL1l1~ ,f14flllL1l1~~,f14flllL1l1~, 
~ ~~'Yl 

3
~ 1
 ~2 

1. fl112JM tl11Jfl:: Liiufl i£l tlfl:llh1'£l tln11
 

- 1J141flLann11 20 l2Jlfl1L2Jfl1
 99.5 95
 90
 

- 1J141flLann11 10 l2Jlfl1L2J911
 88
 80
 70
 

- 1J141f1Lann11 2l2Jlfl1L2Jfl1
 65
 35
 15
 

n1n~ti1-31J14LLi-:l 45l2Jlfl1L2Jfl1 (32
 

L2J1J) i£ltlfl:lliLn14
 

2. 

0.05 0.1 0.5 

3. fl112J414 i£lm~:laiLn14 2
 

4. ,{1M-Un~ ~llJ Lfftl Lrt£l-3,",1nn11L~1~ 
... ... ..

£lmMlI2J 1,000 £l-:lff-:lL'lfflL'Jftlft' 1£ltlfl: 
~ ..'V 

10 n-:l 14
"£l-:l\t1M-Un£l1JLL~-:I 

5. fl112JLiJ14n1fl-fh-:l L~£lYhLiJ14 ..
Lfl1fl:fl1tli£ltJfl: 10 lfluJ1M-un 4.5 (1-:1 9.5 

6. fl112J1J11Lfi1~ i£lUfl: lli\t£lUn11 80
 75
 

7. n11~fl.2J,{1'V\-Un n12J9i£l~14"11 100
 
.., 

n12J 45 n-:l 55
 40 n-:l 50
 30 n-:l45 

8. Lfl1~fl:fl1Ul\l,,r1 i£lUfl: laiLn14 0.5 
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2.4 Ui~U'IJ11W1'MiiJo"ft1'MnnlJU1'i(lJOn.1059-2534) 
~ 

Ln tu.tti~fil'M u" 

nun17 ,fui'uiuiu... 
fl tlb~n ~tu.:: 
~ fltw'lIYifltw'lIYifltw'lIYi fltw'lIYi~ 

~ ~~~ 

n4n3n 1 n2 

fl11lJ'M[J1lJ~:LaU"70ua: uou
 

nil
 

1. ..." '11 " 
75 

- 'IJUltlLannil 10 'lJIfl7LlJ"7 

95 

.­ .-
LnU LnU.anlfioo:aDtl.l2. 'IiLnu'IiLnu 

~ 

1.50/1.00 1.50/1.001.50/1.00 1.50/1.00 

3. nln;lt11'ilJUU~'i iom~: 'IiLnu
 

ui'i 125 '~1"7LlJ"7
 0.01 

ui'i 45 ':uIfl7LlJtn 0.1 

24. fl11lJfu iom~:: 'IiLnu 

5. ,i'11-'1-un~ \YllILi tILdO'ii1nnI7L~1 
... ...... ...

~otu.'MllD 1000 0'ifllL1faL4ua' 10 n'i 14 6 n'i 14 10 n'i 14 6 n'i 14 
~~ .. 

ioua:'IJ0'i1l1",inolJu";-'i 

6. fl11lJLtlun7,,-cAl'i L~ ofhLtlU 
...

ft17a:aluiou~: 10 Itw,i'I'M-un 4.5 n'i 9.5 
...

fl11lJ'MU1UUuilJ~'YInI 27/277. 2.4 n'i 2.8 

0'ifllL1faL4ua' 

8. L'Man (tilU1tu.btlU F~03) ioua: 2
 

'IiLnu
 

9. 50'YIO'iU"'i Daan1lJtionlan;lJ 'Ii 
.-

LnU 

10. UlJ'imua' Daan;lJfionlan;lJ hi 100 
.-

LnU 
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TWfl11f1 

1. 

2. 

3. 

4. 

5. 

.... 
fl nLftfl1!tnL::• 
fl1flflt11..1Ui4Ui..1 45 1111fl1LlItl1 (325 LlI1J) imlft: 1a.iLn'U. 

fl11114'U.iewft:111Ln'U. 

U 1.01 nul' 1fl1111L 'U.fl':l"-tl1..1 LlI£l 1L 'U.ft11ft:ft1U1£lUft: 20 "U 
I' 

111,.,11'fl 

fl1111'V1'U.1uii'U.L'..1rn1l1911 (bulk bensity) fl111ti£lftflU1f1n 
'II ...

L'fJ'U.91 Lli 911
 

ft11'V1'U. (fhi41nLLU'U. ~03) Dftifl111ti£lnlftfl111 1a.iLn'U.
 
'II 

Lfl nL'tf~f'h'VI 'U.tl 

0.5 

3.0 

5.5 £1..1 7.5 

..

0.3 fl..1 0.4 

10 

11Ufl11f1 
.... 

fl nLftfl1!tnL::• Lflm'tffln1,., 'U.fl 

1. 

2. 

3. 

4. 

5. 

• ifl1 i£lua: 1a.iLn'U. 

fl1flflt11..1Ui4ui..1 600 1111fl1LlI9I1 (30LlI1J) i£lua: 1a.iLn'U. 
.k I' 111 ...fl11111J'U.1£ltJa: Lfl'U. 

fl1111LU'U.fl~fl-ti1..1 L~£ln1LU'U.ft11ft:snui£lUft: 201fltJ 
I' 

111,.,11'fl 

ft11l'1\t (fl1i41nLLU'U. ~03) Daifl111ti£lnlafl111 111Ln'U. 

60 

0.5 

3 ..
5.5 tl..1 7.5 

10 
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Tlr.Jn1n1 
... 

fIman1!tnL:: 
~ 

Ln m"'~fh", \LfI .. 
1. f11111'" lI1lJ~:LEllIfI 

~\L1tll~qjn11 5 l1l1f11LlI911 i'E1l1a: la.iLfi\L 

~\L1f1L~nn11 2 l1l1f11LlIfl1 i'E1l1a: l~\tEllln11 

5 

80 

2. .an1tiElEl:filii\L1 l~Ln\L 
'U 

1.20-1.00 

3. n1n~fh:JlJ\4LLi-:J 45 l1l1f11LlIfl1 (325LlI'D) i'E1l1a: l~Ln\L 0.01 

4. f111114\L i'E1l1a: l~Ln\L 3 

5. 
,r ... ~ ..... ... ...

1"'\Ln lUl..ILft'lIL\LEI-:J~l1nn11L~1't1E1m"'1l1l 1000 E1-:Jfl1.. '" ~ .. 
L.aL~lIft' 

... 
i'E111 a::~ E1-:J 111",inE1lJ LL";-:J 10 n-:J 14 

6. f111l1Lil\Ln"itl-th-:J L~E1,.hLil\Lft"'na:a111i'E1l1a: 20 ltlll 
... 

111",in 
.. 

4.0 fl-:J 7.5 

7. f11111"'\L1LL\i\Lill~'t1nl27/27 E1-:Jfl1L.£U~1Ift' 
.. 

2.5 fl-:J 2.9 

8. f11111~11tr.i1-:J i'E1l1a: l~\tEllln11 85 

9. f11111f1111tllliiLL1aLau iiaani'lIlajLn\L 20 

10. 8'1nla:a1111\Ln1f1lulf11f1aEl1n i'E1l1a: l~Ln\L 2.5 

11. L",an (fh\L')mLil\L F~03) i'E1l1a: l~Ln\L 0.7 

3. f1man1!tnL..-uEl-:JLLi~\L~11m,n\LElfl8'1",nnlln1:f111!t ~E1-:J 11-:J-:J1\Ln1:f111!t 
~ ~ 

n1:'t111-:JEl918'1",nnll lh::L't1f1l't111 
~ 

tI ~'" ~L 01L",." 

.am (Si02) 50.0 

E1:ai]\L1(A120 3) 34.0.. 
L~E1-finElElnl.tf (F~03) 0.8 

LLflaL~lIl1E1E1n'.tf(CaO) 0.5 

LLlIn~L41111E1E1nl.tf(MgO) 1.0 

1.LtlllllElElnl.tf (Na20) 0.2 

1~LL't1ft'L~lIl1 E1E1nl.ii' (K2O) 0.2 
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.... ~- ..3.2 flnLam~m:f11.:1"tmR 
~ 

fl112J1I11wi1.:1 (Brightness) ~1RtI 80.0 Ll.JafL.uOUtl 
~ 

fl112Ja::Liiutl1IEI.:ILijtl~OU (Fineness) 1IOU1t1 325 L2J"IJ R.:IRtI 0.2 Ll.JafL.uOUtl 
'U ~ 

fl112J-fOU (Moisture) R"'RtI 1.0 Ll.JafL.uOUtl 
'U ~ 

fl112JLiloun't1-t1i1.:1 (pH) 4-6 
.1 ... ..

LlJa'L'IfOUtl 

fl112Jtl1"'''1Lvn:: (Specific gravity) 2.5-2.6 

tl"IJ\tim\'l1la.:lLLR.:I (Refractive index) 1.5-1.6 

a.L1U.:IihLih lil.LfU.:I11U lil.,::oua", 

.an1 (Si02) 

a::aijou1(~03) 
'U 

L~aiinaan''Iftl (F~03) 

hlLf1L\tU2J't1aan''Iftl (Ti02) 

LLflaL4iUaJaan''Iftl (CaO) 

1fiLLf1RL4iU2Jaan''Iftl (K2O) 

l'IfLtlll2Jaan''Iftl (Na20) 

m'\Y'lILimi1\'1llhloum'L"n'\'I~~(LoSSon ignition) 

44.5 

38.2 

0.8 

0.2 

0.1 

0.8 

-
14.2 

48.6 

36.4 

0.94 

0.02 

0.08 

2.0 

0.19 

11.73 

flnLff2JIJ-flYl1",n1U1l1fi 
~ 

1. fiou1l11a1.:1L~lI.:1ihLih 

fi1fl'l12Jfl2J (Abrasive value) 47.4 

fl11 ~1111 R11.:1 (Brightness) 80.0 

1IOU1<11 (size) : -325 LaJ"IJ 99.4 

2. fiOU1l11'::OUEl-3 

1IOU1<11 (size) : -325 L2J"IJ 100 
... 

n1'mflfl1 (Volume drying shrinkage) 21 

.........
 
aJaan'2J 
1.J ... ..
L a'L'lfOUtl 

1.J ... ..
L a'L'IfOUfl 

1.J ... ..L El1L'IfOUfl 

L1.JafL.uOUtl 
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LL"u~~;t 1 LL\'IR~il 2 

"lJ141f1 "lJ141f1 

200 mesh 325 mesh 200 mesh 250 mesh 325 mesh 

tian1 (Si02) 65.29 62.40 61.7 53.9 52.0 

£I:aii141(~03) 19.80 21.46 25.8 29.9 32.1 
11 

L~ann£lanl.tl (Fe:z03) 1.36 1.34 1.5 1.3 1.5 

l~LL'YIwL'u2Jaanl.tl (K2O) 7.31 8.09 4.38 5.49 5.73 

1.Lflu2Jaanl.tl (Na:zO) 0.97 1.27 0.83 1.27 1.16 

LLtlaL'U2Jaanl.tl (CaO) 0.73 0.62 0.95 

U2JnitL'u2Jaanl.tl (MgO) """., """" 0.64 0.72 0.36" . " . 
l'YIL'YILitU2Jlflaanl.tl (Ti02) 

0.001 0.001 
- - -

n11\!tULiml1\'114nt14m1bH1l\'l~ 0.16 0.20 

(Loss on ignition) 0.04 0.03 4.31 6.25 6.56 

5.04 5.02 

... " ...W14LU2J::~111 (Coir) 

... WI'" .1· .........
tU2J::~111 LfI~nmlJaan"lJa~Ha2J:~111 L2JaHa2J:~111LLn 'U11W114~:LLuma1 

LtJaan\'l1an1U2J:~fl1aeln~1m2Jafl mU2J:~fl1~:f1mt1ltn,n14aflft'1\'1n"2JmHaflzlm-rf 
v • 

~1ntu2J:~fl1 Li14tu;tLL[Jnl"uti~f112Jtl112JU11l.r 3 ~1n fia 

Yam fiber iifl112JU11LLa::a:L8UfI L\'I2J1::;t~::t"i1t1ltJn1Li'U"1uL~a'YIa~12J n1 

Lia n1Lg£ln 

Bristle fiber Lil14Li'UtU"lJ141f1t\'lqj \'IU1U Li'Ui14ni1"1fitflu1n t"in1UtJ1~l~ 
n11f1 

1"1"''' I: " ...,L,. .. .Jt "" Mattress fiber LlJ14LW14LU"lJ141f1W14 L"If", 1\'I1UTI1LU1: 'YI14a14 

... t ... 1"1 till... .. 1.J! "".1LW14 U2J:~111LlJ14L",14 UU"lJ~n1::f11-32Jtl112JU11 f1ULQ,aUlJ1:2J1m 15 - 30 

L.1491L2Jfl1 Li14~1f114Umn-3 1 - 1.5 iiaaL2Jfl1 iitl112JL\'IitU1LL;j-3U1-3~1ni1i1114f1114111Un! 
v 

tl112Jlt1~~a~1 'YI14fiatl112JLilun4'14ua:n11n1 a1U"lJa~~a14'Y1;!fLt1li n1,t"itJ,:lu"If11l14• 
tJ,::L'YIfll'YI ut"in1LU1:1n £J14t1"ua::;t14a14Li14tU2J:~fl1El1UJ1U1-3~111 14amnntin1LU1: 



26 

..I ..... ~ .... ..I-. ..... ~ ............ ..JItI

Ui::'YI'UI\L Lft'1.LLEJ2J::Vfn1EJ..:IL'M2Jl::", 1'M1tJ~iflL'1JEln Lft'1.LfllEJL~EI'YIEI~12J Lft'EI 1I1U 1..:1 Ui:: 

lJn11" 

.. 
flEl\Ln1f1LtJl 

fl EI\Ln;flLtJl il EI fl£l\Ln;fl~ iifl112J'M\LlU\L\L'VI; EI 'VI \b EJ,i'l'M14mt'EI EJn11fl EI\Ln;fl 

i1ltl fl EI\Ln;flLtJlt11::Ll1'YI~1 oD2J1i112J LtJl fl EI\Ln;fl1h:: Ll1'YId'Li1\Lfl EI\Ln;fl~l oD2J1a112J 

,i'l'M14mtJl LtlW)ft',,~ ~2J U'YI\L2J1i112J1f112J fll ft'2Jl1tl UU..:I'DiL,,'U EI..:I2J1i112JltiLtI\L 4 'DiL" 

•
~ 

flEi 

(1)	 2J1i112JLtJl~lti'lln1f112J'Dlii ltiUrl ~\L Vermiculite, Perlite, Pumice Ui:: 

~ 1"1 ..I .... 1 • • .l ..... 111 ••1. • ..III ...Scoria IIJ..:I LlJ\Lal11'Y1~ e:J..:IfI 1 "EJ1f112J'Dlf1 Lnfl'U\LL2J El2Jl1 L'Ul Ln1::LtJ" 2J1i112J'D\L"\L L'D 
'II 

Lt1'Mfu~ft'2JflEl\Ln;fI~la.l~EI..:In111i1a..:lft'..:I2J1n ua::2J1i112JiiiiflnLft'2JUil\Ln11"".2JJ1ft'..:I 
'II	 ~ 'II 'II 

(2) 2J1i112J LtJ1~lti'lln'UtJ1\Ln11~afl liun' ii\LL'M\LEJ1 ~ft'2J ft'11~n'Ell ~Lti" 
••1 • ...1.....
nEl..:lEl1n1f1(Expanded Clay Aggregate) Ui::"\Lfl1\L~ft'2Jtl1\L'YItJ"a::LElEJ"Ui1 (Expanded 

Shale Aggregate) ii\LL'MitEJ1~ft'2JrJ1~rlEll~Lfifl~EI..:IEl1n1f1 (Expanded Clay Aggregate) Ltl 

\Lnl1111 Ellii\LL'M\LEJ12J1 f-l ft'2JntJ rJ1rl EI~ EI..:I El1n1f1ua1111ltl LWll\L'MJElii\L~ ElnL'Ml1D 1,200 
~ 'II 

~ _,I.. .... ...... 111 ... 
EI..:Ifl1LlJriL"fIEJft' nL ElnL'Ml1:lJ\L 'l::2Jn11'UEJ1EJ"1'UEI..:I'UEI..:I"\LL'M\LEJ1 L\LEI..:I'l1nn11L~1 L'M2J'UEI..:IrJ1 

~ 'II 

• .. .... • 1"1 ••1 ... ,I. ... • ...... ­
EI\L'YI1EJ111 EJ L\LUi::Ln" LlJ,"n EI..:I El1n1f1E1 ~111 EJ L\LL\LEI"\L L2JEI~1\Ln11L~1ua1 "\L'l::2Jfl112JU'U..:I 

~1 L;EJtJ U\L\L utiii Li!El111 EJl\LLiI\L1~11..:1 El1n1f1 i1'Mi'tJii\L"1\L~ft'2Jti1\L~tJfli::L~ EJ"Ua1 

(Expanded Shale Aggregate) LiJ\Ln11111ltlL~1~ElnL'VIl1D 1,200 EI..:Ifl1LlJriL41EJft'1fltliitJ'l:: 
~ 'II	 ~ 

.... ..••1 .... -111'" .. ,I..... • ...111 .....
tln'Ma El2J112Jn\L Ui::'l::2J-n EI..:I El1nlf1tlnnn Ln1J L1111 EJ L\LL\LEI"\L in~nL::'U EI..:I"\L'YI L"'::2Jfl112J 
'II	 'II 

U;'i..:l2J1n'M a..:l'1nn11L~1n'l::111 ltldEI EJ1'M'ti'U\Ll"fl12JiEI..:I n11 2J1 i112JLtJl ff..:l ft'EI..:I'DiLfld'.::ii 

fl112Ju;'i..:luni..:lflEl\L,r1..:1tl LLi::LtI\L2J1in2J~iLEJ2J1112J~ll"itl\L1ft'''~ft'2JflEl\Ln;''LtJ12J1n~ft''' 
~	 ~ 

..1111 ... • .... 111.... .. ~ ... ... I .......,1

(3) 2J1i112JLtJ1'Y1 LfI'llnft'11E1\L'YI1EJ Lflun n11L'1J L2JtJ1..:1'D\L" Lft'~ft'2JL'UlntJL\LEI .. 

flEl\Ln1fl 

(4) 2J1i112JLtJl~lti'1n'U£l..:lL'Miml1n'UtJ1\Ln11~a" ltiUrl ;fLn1'M14n (Fuymace 

Bottom Ash) ~lti'1nh..:li.~'hm,jnl\L~\LLtI\LL4E1L~a..:l 
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..... .... ....... ,.... ... , ......1... ,

2.4 "''''J;)!JrlLnEl'J1Io"nUn" " ..,,1I,'J U'" ElU:""'J "ft'''1I''Jua:unRU N"U " 

... .. ~ t.I .... .r
flo"n1.. r11'JunIJU'''0,,''L1I .."" 

1. Sayamlpuk, S. (2000) [4, 14, 15] l.mn1!t1i\\I,1I11~1nLL'Ia·31:\I,o-3t\l,tJ1:L'YIfI 

l'YItl 1f1tlU1i\\I,1I11i\1.J1I1l~1~OnL'Il1D 800 o-3f11L.LU4ttl6 LiI\I,L1a1 6 -i'-3111-3 ~1nn11'Y1f1ao-3 
..... - .. ~ 

1 11n.... , ... 1 .r .... .I
lIo1f11~611f1\1,1I11LL'YI\I,fl~\I,"DLlI\I,f1\l,ofl1161\1,1otla: 20. 30. LLa: 40 fltl141'1\1,n 'YI01~ 

n11tJlI 7. 28. LLa: 90 1\1,Y41.Ji1n11LL'YI\I,~4tLlI\I,fI'fltli\\I,1I11t\l,Elflnft1\1,i'f]tla: ~:t~30 
~ .... .... ~ .x .1--.1 1 _.I - tI _ .... -. .J 'I 
r11 a-3 0 fI 6-36f1 'YI-3\1,\I,0n ~1 n lJ.1ln1tJ1lJ0. • a1\1,n 'YI Ln fl1I \I, 0\1,111 fl1l o-3f1\I,'!I11 tl -311 ft'1 \I,"'D1 tl L\I,

111 II 1 

.... ~........ ..... ... . ... ­
n11Y4Wl\l,1 r11a-3oft1l 0-311 81f11L\l,0-3~1n ~a1l 0-3 Mlcrofiller Effect L\l,0-3~1n o\1,111fl1l 0-3fI \1,1111

1 

~:L"" ltJ LL'YI1nt \I,'II0-3i1-31\l,L\f01lo';';1LLa:'II1tltJi'1.JtJ1-3t \l,ft1\1,1IfH Interfacial Zone 
1 

2. Badogiannis, E., Papadakis, V.G., Chaniotakis, E. and Tsivilis, S. (2003) [5, 

It!'!!! .. _..I .~.... -1'" - .I14, 15] LfI"m~nn-3Y4flflnnll'YIflo1.Jft'\l,o-3fl0 r11 a-311 o-3fl o\l,n1f1 fI tJLlI 0 fI\I,1I11 LL'YI\I,'YI'YIn tl1i: 

rl1t ~r11 i-36-3ni1fl o\l,n~fln111tl1~ 90 1\1, LLfh11 LL'YI\I,~4tLlI\I,tf~:L;lIiitJ~mtl1.r1\1,r11i-3 
11 

.... .... 
'1a-3~1n 2 1\1, 

3. Xlaoqian, Q., and Zongjln, L. (2001) [5, 14, 15] rhn11fln1!t1n11Lflllfl\l,1I11 

a-3t\l,flo\l,n;fl~:fl1t~r11r-3i'1.JLL1-3ElflL~1I111n(\I,t\l,L1a1El\l,i\l,LLa:t\l,1:tl:tl11r11i-3n~:~-3ni 

1Lflllti1tl ~:L~\I,i1il\l,1Il1ii~afl1t~r11i-36-3(\I,od1-3111nft1\1,fl1111611111nt \l,n,1f1,-3,\1,lti 
11 

- It ....... ... ... 'I .­11o-3fl o\l,n1f1~: Lflw~am·:'YI1.J\I,O tl111nLlI0 L6f1\1,1111 5% 
.... .1_ .I '" .Jt!!!.... , ..I .... .&... .... 

4. f1nflLmlJ f11LL6-3 (2007)[7] TI1n11"n1!t1oflnft'1\1,'YIL'I1I1:611'!10-316~~,'1W 

fl O\l,n;f11.Jaon 'Iitfllaii'tJ\i"'1un;!n ft1\1,~6111:'1i1-3tJ\I,4tLlI\I,tltJofflLLa\l,tf 'YIn tl LLa:Lnttl 
11 

lI:Y4fl1 iiElfin ft1\1,~~:1,n\l,n11'Y1f1 601.J fi on11U1Lnttl1I:Y4T11111~ 611n1.JtJ\I,4tLlI\I,tltJo';fl
11 

LLa\l,tf LLa:'YIntl L~01l1~~flflo\l,n;fl1.Jaonlainni"'1unt\l,Elflnft1\1,L~lI;f\l,LiI\I,i'otla: 3 110-3 

,i"'1Un'YIntl n6f11t\l,nl1'Y1ftao-3~1\1,1\1, 12 6fl1 LLtiLLa:6f11~:fl1n11~aflflo\l,n;fl1.Jaon 
11 11 11 

1I\I,1f1 70 x 190x 390 D~aLlIfl1 ~1\1,1\1,6fl1a: 25 no\l, 1111 300 no\l, LLR1U1ltJLno1.JLfitl-3 
11 

flnL611Uifl111111f11a1\1,~aflnnLttlofl61'1n1111 58 - 2533 LLa:flnL611Uin11LiI\I,Q\I,1\1,fl1111
1 JI 1 1 

... • .... • ~_.1 It.... .I .. ~ ~ ".1" .....
10\1, ~an11'Y1f1601.JY41.J11 oflnft'1\1,'YIfI'YI6f1 Ltl LLn 6f11fl 8 flO \I,"D LlI\I,fllJ01f1LLa\l,fl1oua: 

1 11 
..., ..., .. ...,..., 

25 1I0-3111a1111 'YIntl1o tla: 52.50 1I0-3111a1111 L6\1,Ltlll:Y4n11otla: 22.50 1I0-3111a1111 

LLa:t,rJ,i'otla: 15 1I8-3J''1UntJ\I,4tLlI\I,tltJO';ftLLa\l,tf 1f1tliiflnL611Ul'YI1-3n1tl111Y4';1\1,
11 1 

flman1!tnL:fi'1ltJti',\1,fl1111'1\1,,11o-3LtJaon 1I\I,1f1 1f1tl 0 tit\l,Ln nLttlfl1111fl a1tlLfl~ 0\1,l.naiLn\l,
1 11 

± 2 DaaUJfl1 ';1\1,fl1111LL;j-3LL1-3~I'"LnnLttl1l1fl1fl\l,tJnfl~1n10 tlLLtlnT11 '11oft1\1,Litl~\I,ttl 

El\l,LiI\I,otJ611fltion11flBflo\l,n;fl1.Jaon fl11~ft'01.J1tltl~L~tl1'1f1f\lfl111~it~ ';1\1,fl1111
1 11 ·G 

tl1\1,'YI1\1,LL1-3Eltl L5.1o o1~rio\l,fl o\l,n;fl1.Ja onfl11.J 28 1\1, tlo-3nfl1111tl1\1,'YI1\1,LL1-3ElfinLn nLttl 
.l I.... ..,..1....... ...t .,

1I,f11J1\1,Y.'LfflLLfla:nou 2.0 LlIn:Y41Wfla LLa:LQatl~,nnoUfloUn1tl1.Jaon,.'U1U 5 nou 
.... !'l • ... .....1.. ... ....... .I 

2.5 LlIn:Y416fla 6fl18 ~mfl1111f11U'YI1ULL1-30fl6-3fl6tlflO fl1111fl1\1,'YI1ULL1-3otlnoU'YI 1 ­.. .. \ 
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5 iifi1 2.86, 2.91, 2.88, 2.89, 2.90 uJn:'Vn~fia 91111L(1.rtJUa:fi1fl1111i1'U.fl1UU1~a91L~fi[J 
., ., ... ~ J!' ~ ., !l!t .1'1 ~ 

5 nau llfl1 2.65 Llln:~1~fla ua:la[Ja:n11f1f1~lla[Jfl1a[Ja: 14 -n~all LULnnLtrl1l1911:1'1U 

fiaia~\ta[Jni1i'a[Ja: 25 LLa:fi1fl1111Lilu~U1ufl1111i'auiJ~iifi1n11U1fl1111iau~~L~a 
.~ .... • .. l. lI tiL1J1[JtJLfl[JtJntJflaUn191tJaanfl1 L 

5.afl1U ia[J~1nnL(2006) [11] l.mntfiflnL~llUi'!la~flaUn191~~~llUnatJ lJ1~li 
~ ~ 

flntfiLtI1[JtJLfi[JtJfitJflm~1l,ji'!la~flaUn1fln111fl1 Luti1u n1a~ti1ufl1uu1~afl 'MU1[J 
~ 

J1'Ml1'n Ua:tA1l1nLn1':f91fl411J'1 191[JaanutJtJn1a~a91tl1:a[J~ 150 nlan'rlltia91111~• ... 'I~. ~ ~ 'I • .... , .,
L'tJU91Lll911 ua:L"D1J1111munatJfl~~1l LUflaUn19111a9111~U1a[Ja: 5,10,20,50ua:100 '!Ia~ 

J'1'Mintlu4iLllu' ~an1':f"m~1U~f1~Ll1fl11tJi1'MU1[JJ1'Minua:n1a~ti1ufl1UU1~a91iifi1•
oil • ~ ..:. tI •• ~ ~ .~ ., tI 

a~a~Llla1J1111nLUnatJL'VUJ'!IUU91 1J1111nLn1191fl~1l1ll1 llfl1lJ1n'!lU• 
6.Il1'VfV~~I1! urhh11 (2006) [14] l.mm~t1n1a~afl'!la~llafti1f4iLllU'~~1l~U'!I11 

L~11f1[JL,jiU'!I11L~1UflU~4iLllU91'Uafl11nui'a[Ja: 20, 30, 40 atl11nU~~1l'!la~fl11[Jtia 

~14iLllutiLfhntJ 2.75 I91[JJ'1'Ml1'n tA1l1nLJ1~L"itULt1U~~1l"1Ll1fl1111,jUL'Ma1'!1a~llaf 

ti1fLnfln11l'Maur.!i'amil: 110%5 ~l1nn11flntfi'ritJi1 n1a~afl'!la~llafti1f4iLllUti~~~U'!I11 

L~1 'l1n~an11LtI1[JtJLfi£JtJfi1'!1a~ Strength Activity Index '!Ia~llafti1i'1.ua9111nui'a[Ja: 
JtI ...... , ..li ...... ., £~ ~~.R 1.1 ~ ~ 

20,30 ,40 Tlf)1[J 7 1U 1.Ifl1r11a~a911a[Ja: 67.5, 55.0, 31.7 '!Ia~lIal"11flTI1'l1n U~LlIUtl 
~ . 

t1af91Uautin111911 tl111~1.rtJ ua:~a1[J 28 1U iifi1n1a~a91i'a[Ja: 95.4, 82.5, 68.2 '!Ia~ 
~ 

lIafti1f~"1'l1ntlu4iLlIutitlaf91uautin1l1911 91111a1tltJ 'l1nn11"m~1'vmi1 n1a~a91'!la~• 
lIafti1f4iLlIutf~~lIiiU'!I11L~1 'l1n~an11LtI1[JtJLfi[JtJfi1'!1a~ Strength Activity Index '!Ia~ 

lIafti1i'1.'Uatl11nui'a[J~: 20, 30, 40 ~f)1[J 71'U iifi1n1a~a91i'a[Ja: 67.5, 55.0, 31.7 '!Ia~ 
~., ~~.R 1.1 ~ ~t1 ~ ~ 

~ 

.t'" ~ ... .'..li ... ... .,
lIa1tl11f1TI1'l1n 'U~LlIW;1 a1tlUa'U91n1l1911 tl111n191tJ ua:fla1[J 28 1'U 1Ifl1r11a~a911a[J. ~ 

a: 95.4, 82.5, 68.2 '!Ia~3,Jf)fti1ni"1'l1ntlu4iLlI'Utitiaftlua'Utin111f11 91111141itJ• 
7.nLn1 'ri iJfl'JJ'ri~tS(2006) [15] l.mm~1n1a~ a91'!l a~fla'Un1tl1t1fl1~QntJ1f1rf 

~ • v 
1I1911J1'U'!I'U191 10 x 10 x 10 'tJ1I. I91[JL,ytA1I1nLJ'1~"1Ll1fi1~tJtl11:'Mi1~ 5 - 8 'tJ1I. L'U 

n11~~ltiuflu~tA1I1nLfjfLlI'Utfti1[J~'U'!I11L~1ua:J'M1aLn1unatJL'Uatl11n'Uti1~ 'Jtl~i! ope 

MK20 MK40 RHA20 RHA40 MRA3010 MRA2020 MRA1030 RKL40 RKL100 ua:LMK40 

"1n1mlll91[Ju'2iL'UJ~ILfitJl11l1[JLtianL'Mlliil1a~ L~f)fia'Utl1arl1~iJa1[Jfl1tJ 1 3728 ua:90 
~ ~. 

1U U1111Lt91Ll1U~~ 191"lJ'U1f1 -t~J'1'Ml1'n ua:"1n11fl91~atJn1a~a91 'l1nn11fl91~atJ'ritJi1 

na'Utl1arl1~~~~1I~'U'!I11L~1'l:L~n1a~a91~~ni1tl1arl1~~~~lILn1unatJ~atl11Lt1'U~~1I•
• ... , I: tI..li ...... ~1I ., 1.1 ...... 1.1 £.. $. 1.1 1 ~ ..:. tI ,L91[J1n'U Utlfl~'Url1a~afl'Y1 L91'l:U 1~n~untJL alL'tJ'UtI'!Ia~~1 a'tJ 'tJa1'UflL'ri1l'!lU 'ritJ11 

MK20 RHA20 ua:MK40 iifi1 Strength Activity Index 1I1nni1 750/0 '!Ia~n1a~aflflaUn;tl 
... ~ ... ... .1'1 ~~ .t. 1I_1'1 ~ .. , 1I .,1.1 n91flf)1[J

~ 
7 ua:28 1'U lJr~all L'ULnnLtrlfl'l:~1I11n1ll1 LlJ L'IL'Un11f1ntfitla L91. 
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8.L~'!f~Yn L'!f11n~L~1ty (2006) [16] ,.mn1!t1n11\h-iin1-£I::~D'U.1~liUi1Uft:: 
... ..I I .,...... 1 .... 1 1 .. ... .. .... 1.1 ., 1 oJ

'!f1'U.£1 £It1mn'U.n1~""ttJlJ «Uft13r1 '!f1J~:: tI'!f'U.LYUln1~~ft9lfl£l'U.n~"lJft Eln ~'U..:J "tllI1n1~ 
~ .
 

n"ft£l.:Jfln~~Uin1.:Jn1t1n1~~£I.:Ji1£1d1.:J~n1~'U.""1~~191~!1'U.fl£l'U.n;9IlJa£ln~~u.:J L~'U. 

fhn1i.:Ji'lJ LL~.:J a" fl11~'V\'U.1 LL'U'U. Uft::fl11~4i~J'1 n"ft £I.:J1"tI1ia9lnft1'U.~ £I.:J-iin1-£I::ft D'U.1 
'II 

ti £It1'\.l,liL~'U..rL fhnlJ 0.25 uft::a"n ft1'U.,11ti £11«,,1.1~::«1'U. 0.50 a"nft1'U.~«~~ £I.:J.L~'U.tlti£I 

1.1 ~::«1'U.n 0.5 0.10 0.15uft:: 0.20 LLft::~::tI::L1ft1lJ~L 'U. 7 14 21 Uft:: 28 1'U. ~ftn1~,m1!t1 

~ ~ 

nn tlti £I~'U.Ln;"LfhnlJ 1:2:3 1" tlutl~fha9l~ft'1'U.~£I.:J'!f1'U.e£ltI~~h'U.n1~"".lJiti£l1«" 
'II ~ 

..I 'iJ" ~ 

I ..., I ., .I. "" •. .., 1.1 ..I I 

~lJ11 £)9In«1'U.~£I.:J'!f1,"£I£1t1n~1'U.n1~""ttJlJ«9I£l1«" ~::«1'U.n 0.15 Uft::~:tI::L1ft1n1~U~ 
'II ~ 

LiJ'U. 21 1'U. iifl11~L~~1::«~1'U.n1~lt1't1"1fl£l'U.n;f1Ua£lntl~u.:J1-Mfhn1i.:Ji'uu~.:Ja"Lfhnu 
'II
 

I .. .. ., _!..I..t 1'"
 I

7.19 L~n::1.11«fl1ft ~1'U.Ln~'n~1"~fl'U.~ft"n~"F1nrl1~'U.f1 "tI~fl11~~'U.1U'U.'U. 1.98 n.lftu. 
... ~ .r 1.1 ..... ...tl"

ttJ~. Uft:~fl11~".D~lt1 12.18 L £I~LttJ'U.f1 9I1~n1"U 

~1n.:J1'U.1itI~ eJ1'U.~1~:: L~'U.11 n1~1i~ 'U.~11 Uft:: un ftU ~eJ1'U. n~::U1'U.L ~1 LiJ 'U. 

• ..I 1.1 ~ "1'" ...~" - .....1 ... • A...-"
«1'U.~~un'U.n~£I.:J 'U.".DLlJ'U.9I ~fl£)'U.n~"n L"~nfl1,,'U.n'U.nft"ft.:JUft:~fl11~U~.:JU~.:J,,, I~~U 

~ ~ 

1fl~.:Jai1.:Ji'u,11~un«.:J n1~li1«"n1~Ln1!t9l~L~a£lli~1n£l9l«1~n~~~uft: Lnttl1f~~~'!f1~ 
'II ~ ~ 

~«~1'U.fl B'U.n;9I un'U.~"lJ £I.:J ~ £If9l1Uft::LtI'U.ft1'U.~«~L ~~fl£l'U.n;" 1'U.~a"zi~ttf1«f1Ti£lrn.:J~ 
~ 

'.mnfl1t1'U.n'U.~ft"ft.:J ii~~~Uinil£l.:Jn'U.fl11~i'£I'U. ,11~umu1 Utiiifl11~U;'j.:JU~.:Jft"ft.:J 4.:J 
~ ~ 

'tlu«".:J~ ~«~u"i~ B.:Jfl £I-u.n;" uft::~i"zi~ttffl£l'U.n;" u'U.1n1.:Jn1~fln1!t11itI Uft::~::Lij tlu1i 

L~ tI.:J~£I~~::lt1 ~1t1~:tln ,,1';1«" ~«~ i1W;Uf'l1fl£I'U.n;" i1w;u1iLiJ'U.fl £I'U.n;9Iua £In'lJi'u 
.r ., 1 'I..!"!!!! 

~ 

..t: 'I 
~ 

... ..1 ... 1........ ..1 -.. _! .,
lt1~'U.n f1t1 L'D"'U.~11 L",-u.LtI~::~n1 n1.:J~11Uft::unftU "tI~n~~~11fn£l"t~nl!~ft.:J.:J1'U.Uft:: 

ftfli1ty~1n1.:Jtl1'U.i.:Ju 1"~£I~ Uft::L~~1::«~~ft'.:J L&n~'Il~'!f'U.u1';n~'U.1" L~n «1~1~tllt1~11 i 
t1~::1t1'!f,nt1~1.:J 1'U.n1~~~"Uft:Ti£lrn.:Ju1'U.~n£l1fltl'ti£ld1.:Jiitl~::inin1~ua::nfl1tln 

'II 



..I 
Uflfl3 

tJ .oI ..I ... .JI 
1 '11 3.1 tffi1Uf111U1111~£lllaLLa::TI1m1f1flft'£lU 
~ ~ 

,TufI£lun11thLitU·:nU1~U 
... ... ..1..1... ....... 1 ...: ... 'I'"

1) ftm~t1~£lllaf1lmJ1~£l~ ~l1n~1U1~tJLLa:: f11~n11£lUL~lILfllI L'!fLLUUft'£lUtl111f11111
'II
 

... _ • .JI 1'1~1'1."
 
f1f1 L~UL1£l~nl1TI1~1ULlJUTIll LlJULfl1£l~lI£l
 

....... tJ

2) n11Lfl1tJ1I1ft'f1Ua::£l n1m

If 

... .... 
q

, 
~
 

3) n11Lfl1tJlIfl1EltJ1~f1f1ft'£lU
 

4) n11f1flft'£lU 
... If ... 

5) n111Lfln::~"Elllam1f1f1ft'£lU 
'II 

6) &rnJ~a ~f1Y11j1tJ~1U~UUft'lIU1nrLLa::ti1tJf1£lflLf1f11 ulav 
~ 'II 
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3.1 fl11"lt1ua..r••n'fttilt.ln1'oC

i'l41J11 (White Clay or China Clay) 
.... .... ... z. 

LfI'nJ1JfI~"11fl1"1Jfla:LEHJfI325 L1J1f (WRN-CMS) 1Jam~m::L~Ela:LEHJfI m1f1 

LfUrim-rl th~1.h:nEl1J~ilflllltiElLfllEla'~ti LLa:tnaaEltJ''l1tl WuEl"LdEl~wv,i"n11L~1~:L'VIR 

• 111 ••1 ~.. iJ' 'I Z.. 111 ••1 'I ..... "" "11 1Jfl111Jn~ L." ft'" L'VI1J1:..,1'V11m ~ft'1~~ft'1J L~L ~El1ft'f1n~ L." LLa: L~Lfl1El"f1~L~1n 

tlEl"n11fl111J"11, th~~«1JJ1ft'atli1'V1i'1J"1~'VIaElLL1J1Jlf1tJLQvn:L~w1nmJrim-rlti1"c:I LLa:• 
t,n~J1LflaEl1J lf1tJii~a1LflT1:~n1"Lfliii"f11T1'I 

Chemical 

Composition 

Si02 

% 

A1203 

% 

Fe203 

% 

MgO 

% 

CaO 

% 

Na20 

% 

K20 

% 

LOI 

% 

WRN-CMS 44.9 38.7 0.7 0.1 0.2 0.6 2.1 13 

... .. •~1.1n"" 3.2 f1~"11a1"1Jfla:LEltJfI 325 L1J1f (WRN-CMS) 
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... Ii ...U'"LHllt"'''} 

Lfl1mJLtmtu~::vff111fluiflLih~oi\u~n'lJ'U1fl~1'Ufl::LLn1'11L1H)f4 "'1111.1 
'II 

"'" .. 'I ... T .... iI ,z", I ..

11.1 'YI 3.3 Lft''lhu~::vn11LflUflflL 'U'If'ULL'm'lJ'U1fl~1'Uf1::LLn1'11LlJe14 
'II 

ft1 \I 'Ji11 

Lf11U~ LtmtuVh'l1'1i111fl U.rflLtJ'U~'UL~n LLa1lJflt tW'lJ'U1fl~1'Ufl::LLn1'11 LlJef 4 i'l1lt1 
'II 

,.1 ... 'I ••1...· ..l 1.1 'Yl 3.4 Lft"ULU.,,1'11'lJ11'lJ'U1fl~1'Ufl::LLn1'11LlJe14 
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LLflau 

LfliUlILtmLUUnalJtflUlJflLtoUj~U1tuhufI:LLn'I-:JLlJ£)f 200 tl-:J'ItI 
'II 

... 'I ' ..'I1.1'YI'" 3.5 Lm.LULLnalJ~U1f1~1UfI:LLn'I-:JLlJ£)'I200 
'II 

M"fI"• 
LfI"UlI~U~UL~U~-:JfflLttn'I:a-£)lJ tl-:JnJ 

• 'II 

1.1 ...1 ... .'1
'I 'YI 3.6 'VIUHU 
'II • 
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· ...........

LLUU1'IilOLLiI::L"'O"Oflfl'JO!l'" 

Lfl7mJUUU'M~ mL~::Lfl1£l~ ~fl~1 £l[h~ ~fl't11,r1ar,"n'"~tlUUU ult~~tl tttr17::«£lU 

.1-' .... ........ .1

7lJ't1 3.7 UUU'M~ £lU~::Lfl7£l~£ltlfl1£lu1~ 
'II 

.... ....
n::U::LLiI::n".. ftll'JlI~ 

.1-' ........

7lJ't1 3.8 n::u::u~::tl~~«1J1«fl 
'II ~ 
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3.2n"UI~Ellli"10 Eh"f1".ou 
L..i1tnJ'i't~flr.JLnJ ~u~u ~UJutf tiU"JJ11 LiuLtJ1J:~fl1 LiuLtJrh","Ji11 UmUJUfl Lft 

~ ~ 

Lun"r.Jw1Jfl11JaflT1W1u~fh'VIufl ua1Lti1J,t1 i",uwfl"Lu1tJ.. 
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] 

'I~ .. .... .. 'I A.. ........
nJ .l 
'Yl 3.11 LA"DLlJUflUft::1ft'f1LLfULUtJfln 11'I'1tJtl~~ft'lJ 

.t.l .... 'I ........
 
'1u'Yl 3.12 ~ft'lJ1ft'f1 L1'IL'lJ1nU 
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.,.... ~ ... 'I 'I ,
nJ ~ 

'YI 3.15 ....11ft'f1~ft'1J'YI~ft'1JUa1 Lft'L'U.n::1J::U1J1J1'I£UI.. . 
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al..l a' .... ' 'Iall:: ''I'" ..In'1lJ't1 3.18 ....1911EH.J1~'t191LU)lJ LlJ9I~lJlI L1911'1::tJ::L1a1't1 1~1491 ... 

3.3n'lTIfiftotJ 
l,: ..,.., . 
1f",..,,.,..nfl1ilEJ,,,nflftOtJ 
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.I..l ., ... ..t &J&J, "" &J &J

7lJ'YI 3.20 -..1911 £I m.:l'YIfltf£ltlL~1 Lfl7£l.:l'YIfl&UllJ [11 El.:l7lJ LL7.:1 Elt! 
'II 
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.1..1 ...., ..I.,t ..t ........ .... ..
 
1lJ'Yl 3.22 ft1E1EJ1.:J'YlflREllJ'Yl,l1n11'Ylfttn:nJrl1a.:J1lJU1.:JElflUa1,. 

• ~~ 113.4n"1LATl::"!lD~Rn1n1""DuLLR::"1 fiR 
.. ..1 .......... , ., ..I" .. ,


1) tfl£Jm1L'lI£JUn11nfl1111nJ~U1n':~11.:Jfl1fl1.:J 'J 'Yl LfI';)1nn11'YlflREllJ L'lSU 1:£J:L1a1 

n1nillllElf,nf/flflUn7fl1l1aLlJ1, f11111~U1U\LUL;l.:JtA1I1f11,n1a.:JBflUa:tlfl, Bfl11 
...
 

n11f1flnnu111, nl1LtlUQU1Ufl1111i'ElU 'ia'i
,. 
2) 1Lfl11:~ Lm£JlJLn£JlJ1:wi1.:Jtl1RlIUi,11.:J 'J flt~,;)1nn11'YlflREllJflElUn7f1111alJaEln 

t1ii'lJJ1~un~RlJUaufi ~U'lI11 LtNlmtNlI:~i'11 ~1.:J,j11 unalJ nlJflElUn7fl1l1a 

lJftEln1Jn91fi'1t1J L1iU tl1f11111ti'1U'Yl1UU1.:JBfI fl1n11f1f1nnuJ1 LtiUtiU,. 
3) ~1Bfl11«1UiiL~:U1:RlI'lIEl.:JflElUn7f1111alJaElnt1ii'lJ\r1~Un~RlIUaufi~U'lI11 LtfU 

tmtNlI:~Tl1 ~1.:J,j11 unalJ ';)1nn11'YlflREllJ 

....U ~ .. ~ ... ..&.... .... t ~ 
4) 1Lfl11:~ ty~1 tfiL~~ n11un L'lI ua:'lIElLRUElUU:L~lILfllI", 1~1lJn11'YlflREllJ Ufl1.:J 

flElt1J 



.I unn 4 

... tf t.I " 
~ftn'TU"11::M Nftn''1ft'1 IIONft" .. 

4.1 n'111f1lflJun,i"w".,,,Ofi 
~~nT1f1flREltJiha~i'tJLL7~ertl'!JEl~flEl'Un7fttJaElmt1L1J~erftTlebwtuJ'Uti'fiEl~ 'U~'U 

~ 

1:91flmn1l1fl7 

1I1t1'1"'....,m1dU~'4..1Il 

"~""nhu .."'Mu 

~ ..", 

I.oo~,
r 

o 5 10 15 20 25 30 
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~an1"flfI&U)Un1i,,.i'1Ju.,·UrfJ'!Jel\lflElUn1f11JaElmHnJfiu'!J11,Vh:l,j'11, LLnaUUa: 

LWutmJ:ViT11UflU~~u~h1.~i'mJa:fh..1 ']• 

i1E1th..1 1 

f11E1U1..1 2 

f11E1U1..1 3 

tl1E1U1..1 1 

i1E1U1..1 2 

i1E1U1..1 3 

i1E1U1..1 1 
... ,

fJ1E1EJ1..1 2 

i1EJU1..1 3 

f11E1U1..1 1 

f11E1U1..1 2 

i1E1U1..1 3 

1 

1 

1 

7 

7 

7 

14 

14 

14 

28 

28 

28 

~U'!J11 5% 

38.0 

35.1 

34.5 

55.1 

54.9 

53.8 

60.4 

62.5 

63.5 

64.9 

68.6 

67.2 

~U'!J11 15% 

39.2 

40.0 

41.5 

55.4 

54.1 

53.7 

65.1 

61.9 

66.5 

70.2 

67.2 

72.6 

fiU'!J11 25% 

45.4 

44.1 

42.7 

58.1 

59.7 

61.7 

69.3 

71.6 

72.2 

84.6 

82.5 

82.3 
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100 

r-

I l".oo ~ 
f--t--
e~ 

,/.Y-'~ 
~,. 

•• 

10 

o 5 

• ~,","15% 

0.1829 
Y= 36.447x 

2
R = 0.9754 

',­
JI 
III 

r-­

-iii 

!""" 

"'"'" 

10 15 

1U 

• ~U'I'11 15% 

0.16l11l
Y=40.05x 

2
R =0.9776 

20 25 30 

~U'I"125% 

0.1882
Y= 43.271x 

2
R =0.9799 
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... . 
f11Elll1.:J 1 

~1Elth.:J 2 

i1Elth.:J 3 

~1Elth.:J 1 

i1Elth.:J 2 
... , 

f11Elll1.:J 3 

... . 
f11EltJ1.:J 1 

tl1Elth.:J 2 

tl1mh.:J 3 

tl1mh.:J 1 

tl1mh.:J 2 

tl1Elm.:J 3 

... 
114 

1 

1 

1 

7 

7 

7 

14 

14 

14 

28 

28 

28 

13.8 

18.5 

16.7 

22.1 

20.3 

20.4 

34.6 

30.4 

30.0 

44.3 

45.7 

46.0 

7.3 

6.7 

6.9 

14.1 

14.7 

15.8 

20.9 

19.5 

18.5 

27.4 

23.7 

22.0 

4.3 

3.9 

4.5 

12.6 

13.1 

9.5 

14.5 

15.3 

16.8 

22.0 

20.6 

24.7 
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," 

100 

j 10 

~ ~
10-10­

L.".o ~t 

~ 
.... 

I-li• ~ ~ 
~ ...-'t--t­ -

riJ-f-­
L--­

• 
10-.... II .. ~~ I­

10-10-.... .... 
I 

o 5 10 15 20 25 30 

."rn.n15% 

0.4lI87 0.2947
Y= 4.2544x 0.3803 Y= 14.734xY= 7.0117x 

2 
R = 0.9775 2 R

2 
,. 0.8431R =0.9826 
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LLnau 5% LLnau 15% LLnau 25% 

t11mh" 1 

t11a~1" 2 

t11a~1" 3 

t11a~1" 1 

t11mh" 2 

tl1a~1" 3 

t11a~1" 1 

i1a~1" 2 

t11a~1" 3 

t11a~1" 1 

t11a~1" 2 

t11a~1" 3 

1 

1 

1 

7 

7 

7 

14 

14 

14 

28 

28 

28 

28.0 

26.8 

32.0 

34.3 

39.1 

42.1 

59.4 

53.9 

56.8 

59.1 

59.2 

65.2 

15.6 

13.9 

16.9 

24.9 

23.7 

20.9 

35.9 

33.0 

37.5 

49.5 

44.0 

41.8 

4.5 

6.7 

3.4 

17.6 

15.3 

12.8 

23.4 

20.0 

22.2 

27.5 

29.1 

26.2 
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100 

j 10 

J­

~ 
j,oo'

•J 
J,.oo~ 

.i.oo" 

t~ 

.--1­

r- ­

I 

• 
I.ool ir'..... I 

• II 
- +-­:,...,l!-' ....

II 
I I I 

o 5 10 15 20 25 30
 

• LLnll\J 15% 

0.23441 0.3208 O.lI46llY =27.607x Y = 14.546x Y= 4.8745x 
2
 2 2
R = 0.8841 R = 0.9209 R = 0.94 
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ll:~Tl1 15% ll::~Tl1 25% 

tl1mh.:l 1 

tl1mh.:l 2 

.,1mh.:l 3 

i1mh.:l 1 

.,1E1£i1.:1 2 

tl1E1£i1.:1 3 

.,1E1£i1.:1 1 

i1m!1.:1 2 

tl1E1£i1.:1 3 

tl1E1£i1.:1 1 

tl1E1£i1.:1 2 

tl1E1£i1.:1 3 

1 

1 

1 

7 

7 

7 

14 

14 

14 

28 

28 

28 

29.6 

26.1 

35.6 

45.3 

41.6 

44.5 

47.0 

52.8 

54.1 

58.5 

64.8 

60.1 

13.7 

15.8 
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tllJll1tb1.l 5% 5% 5% 15% 15% 15% 25% 25% 25% tUJn11 If 
... 
1'11.1'111':1 60.4 62.5 63.5 65.1 61.9 66.5 69.3 71.6 72.2 44.5x + 59.214 0.8011 

vh:J4h':1 34.6 30.4 30 20.9 19.5 18.5 14.5 15.3 16.8 -80.667x + 34.378 0.8863 

LLnfltJ 59.4 53.9 56.8 35.9 33 37.5 23.4 20 22.2 -174.17x + 64.136 0.9678 

).I::l1f1':1 47 52.8 54.1 30.5 32.6 31.2 20.3 21.6 18.7 -155.5x + 57.636 0.9525 
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Y = 44.5x + 59.214 Y = -80.667x + 34.378 y = -174.17x + 64.136 y = -155.5x + 57.636 
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= 0.8011 R 
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... ....
4.2 Nftn1'm".OlJ,.,,,,,,n 

~ftn11n~fta~J1~un~a~flaUn1~~~ani1l~ 

... 
kg'It.l N.n1"'''...u,f'1''',;n y =6.1688x0.038& 

6.1~'ltl!h~ 1 ft4M1'Un;""';..n'*a\tJ 2 
R = 0.5357 

~'lfl!h~ 2 6.3 

6.1iK'ltl!h~ 3 10 

iK'lfl!h~ 1 7 6.777 
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~an17n~«e~Ul~Un~e~fleUn7~~;en~~~U~11 

, .. 
..n71~fI 4.5 U«~~filH£mln1~«e1J\h~un~e~flEJUn7~1JaenH«1l~U'm1 

~U1l11 15% ~U~11 25% 

'" I
~1eU1~ 1 1 7.5 6.7 6.5 

ti1mh~ 2 1 7.3 6.5 7.0 

ti1mh~ 3 1 6.6 6.5 7.1 

ti1mh~ 1 7 6.7 6.5 6.5 

ti1m.h~ 2 7 7.1 7.0 7.2 
'" I

~1eUl~ 3 7 6.4 7.1 7.2 

ti1mh~ 1 14 6.1 7.1 6.5 

ti1mh~ 2 14 6.7 6.9 6.9 
'" I
~1eUl~ 3 14 6.2 6.5 7.0 

ti1mh~ 1 28 7.0 6.7 7.1 

i1mh~ 2 28 6.7 6.6 5.8 

i1mh~ 3 28 7.0 6.4 6.5 
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t11mh'" 1 1 6.6 5.8 6.1 

"1mh'" 2 1 6.6 5.8 5.9 

i1elr.i1'" 3 1 6.6 5.8 5.9 

'" If11elrn", 1 7 5.7 5.8 6.9 

"1arl1~ 2 7 6.1 5.7 6.9 

i1elr.i1'" 3 7 5.9 6.0 6.6 

i1elr.i1'" 1 14 6.2 5.8 6.9 

911elr.i1'" 2 14 6.0 5.8 6.4 

i1elr.i1'" 3 14 5.9 5.7 6.5 

i1tlr.i1'" 1 28 6.4 5.9 5.9 

i1EJrl1~ 2 28 6.4 5.9 5.9 

i1elr.i1'" 3 28 6.5 5.7 5.9 
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..l 
UtJtJ'JIl 

SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.845061 
R Square 0.714129 
Adjusted R Square 0.285505 
Standard Error 7.875913 
Observations 9 

ANOVA
 
df SS MS F SignifICance F 

Regression 4 929.7356 232.4339 7.494241 0.038316 
Residual 6 372.18 62.03 
Total 10 1301.916 

Coetricien St8ndard Upper LOMr Upper 
Is Error tStat P-value LoMr 95% 95% 95.0% 95.0% 

Intercept 4.855 13.127 0.370 0.724 -27.264 36.975 -27.264 36.975 

.U'II1,) 0 0 65535 tNUMI 0 0 0 0 
Ltutrntw 
i11') 1.757 0.743 2.367 0.056 -0.059 3.575 -0.059 3.575 

lLnllU 2.848 0.743 3.837 0.009 1.032 4.6El6 1.032 4.6El6 
Ltuto 
\IQ1h') 0 0 65535 tNUMI 0 0 0 0 

RESIDUAL OUTPUT
 

Observation Predicted lese Residuals Standard Residuals 
1 42.13333 -1.63333 -0.26773 
2 42.13333 -0.43333 -0.07103 
3 42.13333 2.066667 0.338761 
4 45.46667 -4.96667 -0.81412 
5 45.46667 6.233333 1.021748 
6 45.46667 -1.26667 -0.20763 
7 65.16667 -3.56667 -0.58464 
8 65.16667 13.63333 2.234732 
9 65.16667 -10.0667 -1.6501 
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.""''3 Residual Plot 

.""''3 Line Fit Plot 
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Li"1UYh,,.h'3 Residual Plot 
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"nau Residual Plot 

""au 

"nau Line Fit Plot 
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uI"tuau:wf,., 
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..i 
UUU" 2 

Correlation matrix 
Rice Straw Rice Hush Coir ksc 

Rice Straw 1 -0.5 -0.5 0.113144375 
Rice Hush -0.5 1 -0.5 0.668683255 
Coir -0.5 -0.5 1 -0.781827629 
ksc 0.113144375 0.668683255 -0.781827629 1 

Index VarCount R2 RSS Std. Error Cp Variables 

1 1 0.552 331.302 6.880 2.685 Coir 

2 2 0.710 214.664 5.981 1.979 Rice Straw ,Coir 

3 3 0.709 215.558 6.566 4 Rice Straw ,Rice Hush ,Coir 

..i 
UUU" 3 

Model Summary 
Model R R Square Adjusted R Square Std. Error of the estimate 

1 0.784092 0.614801 0.559772 8.488596 
a Predictors: (Constant), LiutlJlIt".tn 

Coefficients 
Unstandardlzed Standardized 

Model Coefficients Coefficients t Sig. 
B Std. Error Beta 

1 (Constant) 74.04444 7.486238 9.890741 2.3E-05 
LiutlJ 
unltn -2.31667 0.693091 -0.78409 -3.34251 0.012377 

a Dependent Variable: KSC 
, 

4 
UUU" 4 

Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.845828 0.715424 0.620566 7.880708 
2 0.784092 0.614801 0.559772 8.488596 

a Predictors: (Constant), LiutlJlIt'Wtn, unalJ 
b Predictors: (Constant), LiutlJlIt'Wtn 

Coefficients 
Unstandardlzed Standardized 

Model Coefficients CoeffIcients t Sig. 
B Std. Error Beta 

1 (Constant) 57.8111 13.1345 4.4015 0.0046 
unalJ 1.0822 0.7430 0.3663 1.4566 0.1955 
LiutlJ 

lIn1tn -1.7756 0.7430 -0.6009 -2.3897 0.0540 
2 (Constant) 74.0444 7.4862 9.8907 0.0000 

LiutlJ 
Ut't'ttn -2.3167 0.6931 -0.7841 -3.3425 0.0124 

A Dependent Variable: KSC 
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MAX K + RS + RH + C 

SUBJECT TO 

1) 1.7577 RS + 2.8488 RH >= 25.24 

2) 1.0822 RH - 1.n56 C >= -27.81 

3) -2.31667 C >= -44.04 

4) K >= 5 

5) RS >= 5 

6) RH >= 5 

7) C >= 5 

8) K + RS + RH + C <= 30 

END 

LP OPTIMUM FOUND AT STEP 4 

OBJECTIVE FUNCTION VALUE 

1) 30.00000 

VARIABLE VALUE REDUCED COST 

K 5.000000 0.000000 

RS 5.000000 0.000000 

RH 15.000000 0.000000 

C 5.000000 0.000000 

ROW SLACK OR SURPLUS DUAL PRICES 

1) 26.280499 0.000000 

2) 35.165001 0.000000 

3) 32.456650 0.000000 

4) 0.000000 0.000000 

5) 0.000000 0.000000 
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6) 10.000000 0.000000 

7) 0.000000 0.000000 

8) 0.000000 1.000000 

NO.ITERATIONS= 4 

RANGES IN WHICH THE BASIS IS UNCHANGED: 

OBJ COEFFICIENT RANGES 

VARIABLE CURRENT ALLOWABLE ALLOWABLE 

COEF INCREASE DECREASE 

K 1.000000 0.000000 INFINITY 

RS 1.000000 0.000000 INFINITY 

RH 1.000000 INFINITY 0.000000 

C 1.000000 0.000000 INFINITY 

RIGHTHAND SIDE RANGES 

ROW CURRENT ALLOWABLE ALLOWABLE 

RHS INCREASE DECREASE 

1 25.240000 26.280499 INFINITY 

2 -27.809999 35.165001 INFINITY 

3 -44.040001 32.456650 INFINITY 

4 5.000000 9.225112 5.000000 

5 5.000000 10.000000 5.000000 

6 5.000000 10.000000 INFINITY 

7 5.000000 9.225112 5.000000 

8 30.000000 INFINITY 9.225112 
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15% 

5% 

25% 

.L3J".f/1i~fl 1/9
~ 

kg ksc n1~flfl~3J 
'II 

-.. I ..I 
fl1 El U1.,'J'YI 1 5.97 62.8 8.96 
-.. • ..I 

fl1ElU1.,'J'YI 2 6.23 68.3 7.35 
-.. • ..I 

fl1ElU1.,'J'YI 3 6.05 65.1 8.04 
..I 

LQ.au 6.08 65.4 7.96 .. ., 
f1El"n~flUaEln 6.68 32.2 6.72 
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-3502­

! 
t" 

• flilUfl1tl/luwn
45 

40 

• • • • • • 
• • • 

ulutlDlmtn5% 

x ulutlDlmtn 15% 

:t( ulutlDlmtn 25% 

• LllutrJYtwt11 5% 

+ Lllutrnof'l.1tn 15% 

• LllutrJYtwt11 25% 
30 - LLfltlU 5% 

LLfl.U 15% 

• LLfl.U 25%:l!-n n 1111
 o ;ftl"1II1U~1flLLUU:j1U" 

10 15 20 



tJfIfi
...

5 

5.1 n1n1.nfOtJ 

o ..,.,.., .... .. ..I 
1)	 ~anTI'YltltH.llJn1ih'·nJ U'''£)f1'!1£)''f1£)Un'f1lJ£H:m~tnJtlU'!l11'Yl 5% 15% ua: 

25% iifi1L;j1J;futi1"nultlFJLQ~FJ~ 4% LLa: 11% f111J~1ilJ 

2) ~an1nlflRfllJn1a"i'lJU,,,atl'!l£)"f1£)Un1f1lJa£)n~R1JLiutFJVh,,,j11~ 5% 15% 
.. • , ... T ..1..1 ...t ... 

ua: 25% lImafla"'il1"nULflFJLQaFJ'Yl 42% ua: 18% f111Jn1tllJ 
.l! ......... .... ..I 

3) ~an1''YlflR£llJrl1a'''lJU'''£)f1'!1£)''f1£)un'f1lJa£)n~R1JUnalJ'Y1 5% 150/0 ua: 
.. , , ... T ..1..1 ...t ... 

25% 1Jma~a"f11"nULflFJLQaFJ'Yl 35% ua: 41% f111Jn1f1lJ 

4) ~am''YlflRfllJn1a"fuLL,,,etl'!l£)''f1£)Un1f1lJa£)n~R1JLiutFJ1J:~f11~ 5% 15% 
.. , , ... T ..1..1 ,.l/ ... 

ua: 25% lImafla"'il1"nULflFJLQaFJ'Yl 40% ua: 38% f111Jn1f1lJ 

5) ~am''YlflRfllJn1a"i'lJU,,,efl'!l£)''f1£)UmtllJa£)n~R1JtlU'!I11~ 5% 15% ua: 
..I ..... ,..:.k.... T ..1..1 ,.l/ ... 

25% 'Yl 14 1U1Jfl1L~1J'!IUfl1"nULflFJLQaFJ'Yl 4% ua: 9% tl11Jn1f1lJ 

6)	 ~am''YlflRfllJn1a"i'lJU,,,efl'!l£)''f1£)Un1f1lJa£)n~R1JLiutFJVh,,,j11~ 5% 15% 

ua: 25% ~ 14 1Uiifi1L~1J;futi1"nulflFJLQaFJ~ 38% ua: 20% 'il11J~1ilJ 
.l! ......... .... ..I 

7) ~an1''YlflR£llJrl1a'''lJU'''£)f1'!1£)''f1£)Un'tllJa£)n~R1JUnalJ'Yl 5% 15% LLa: 
..I ... ... ..: .k • ... T ..1..1 ,.l/ ... 

25% 'Yl 14 11UJfl1L~1J'!IUfl1"nULflFJLQaFJ'Yl 37% ua: 38% f111Jn1f1lJ 

8)	 ~am''YlfltH)lJn1a"i'lJU,,,efl'!l£)''f1£lUn1f1lJa£)n~ lh:1J1nLfi1eflntluiifi1 

,r1~,rn£)tit'l4-D1" 5.8-6 nn. Ua:iin1a"i'lJU,,,efl 45-65 ksc 
11 

"'1 .1'.....1	 ..I ... 1'I,..:.r .... T
9)	 ~R1JLRULFJ2J:~l-J1'Yl 5% 15% ua: 25% 'Yl 14 1UJJfl1L~1J'!IUfl1"nULflFJLQaFJ 

~ 38% ua:: 35% f111J~ilJ 

5.2	 Na~Lfl"1::MNan1.,ittt.l'Jio,a1l0U'")1I1illi,.d' 

1) ~an1''Ylfltn:llJn1a"i'lJU,,,efl'!l£)''f1£)Un191lJa£)n~R1JtlU'!I11~ 5% 15% ua: 

25% lIfi1L;j~uti1"nU"£)FJfl1,t,r~ 5% 

2)	 ~am''Ylfl RfllJn1a"i'lJ u,,, efl'!l £)"f1 £)Un1f1lJa £In ~ R1I LiutFJVh,,"Ji11~ 5% 15% 

LLa: 25% iifi1afla"ti1"nU1J1n~ 25% f11,t-KLU-D1..1 5-10% 

..I 
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~ ......... ... ..I 
3) ~an1'J'YIfl~ElUrl1a~1ULL1~ElfI'1IEh'flElUn191UaEimanJLLmnm5% 15% LLa: 

25% iifha<;)a~,h~2J1nrl25%fl11L,nU~1~ 5-10% 

4) ~an11'Y1f1LH)Un1a~1uLL1~eifl'1lEl~flElUn;f1Ua Eln~a'lJLiuLUlJ:Vitl1r1 5% 15% 

LLa: 25% ~fhafla~fh~lJ1nrl25%fl11L,nU~1~ 5-10% 

5) ~an11'Y1fla'E1Un1a~1uLL1~eifl'1lEl~flElUn;f1UaEln~a'lJLiuLUlJ:ViTl1r1 5% 15% 
.. • • ..I ~..,!II ~ 

LLa: 25% 3Jfl1afla~f11~lJ1n'YI25% fl11L"DLU1J1~ 5-10% 

6) ~an11'Y1fl~ElU'1I EI~fl ElUn;f1Ua Eln ~ a'lJ~U'1I11 :Li'UL[JlJ:Vii11 :~1~,j11:LLnau 
..I • .'1 ..I ..ll'" .~ .tJ!... ...

LL'YIU'YI'MUf'lU'YI 5%:5%: 10%: 15 f11lJ .,1 flU LlJ1UUL11 [JUnUfl ElUn1f1U aEln 
" .. 

1n'1lJfl1iinla~1uLL1~eifllJ1nn11 30% LLa:iiu1'MUmtElUn11 10% 

7) ~ an11'Y1 fI ffElU'1I EI~fl OUn;f1ua Eln ~ a'lJ~U '1111 :Li'UL[J lJ:Vii11:~1~,j11:LLnaU 
..I • .', ..I ..ll'" .1" ..... ...

LL'YIU'YI'M Uf'lU'YI 5%: 15%:10%:5 f11lJ.,1 flU LlJ1 [JUL'YI uunUfl ElUn1f1U a Eln 
q .. 

1n'1lJfl1iinla~i'uLL1~eifllJ1nn11 40% LLa:iiu1'MUmtElUn11 10% 

8) ~an11'Y1flffElU'1I EI~fl EIun;flU a Eln~ a'3JtlU'1I11 :LiuL[JlJ:ViTl1 :~1~,j11:LLn au 
.-I • .'1 ..I ..ll'" .I!ii! ..... ...

LLflU'YI'MUf'lU'YI 5%: 10%: 15%:5% f11lJ.,1f1U LlJ1[JUL'YI [JunUfl ElUn1f1UaEln 
q .. 

1n'1lJfl1iinla~i'uLL1~eifllJ1nn11 98% LLa:iiu1'MUmtO[Jn11 0.01 % 

9) ~a'YIfla'ElU 5f111thu~l1nLLuu,ha o~n11L~lJtJ1:i'YIi1l1Via'~a'f1'11 EI~fl Elun;f1.. ~ 

• • .. 'I '.. ..1 .. ..I. .'. ..I
U a EI n ~ a' lJ fI U '1111 :L a' U L[J 3J : Vi 111 :" 1 ~ '1111 :LL n a U LL 'YI U'YI 'M U HU 'YI 

~ 

5%:5%:15%:5% f11lJa1iu Ltn[JUL;; [JunUfloun;f1uaEln1n'1lJfl1iin1a~1U .. 
LL1~eifl3J1nn11 98% LLa:iiu1'MUmtEl[Jn11 110/0 

10) ~an11'Y1f1ffElU'1I EI~fl oun1fluaEln ~ a'lJ~U'1I11 :Li'UL[JlJ:Vii11 :~1~,j11:LLn au 

LL'YIUrI~u~," 'YIn eiflna-1UL'U.'~j1~.ruiifi1LU,a mto[Jn11 10% 
~ ~ 

11) ~an11'Y1f1 ffElU'1I EI~fl ElUn1f1Ua Eln~a'lJ~U'1I11 :LfuLUlJ:Vii11 :~1~,j11:LLnau 

LL'YIUrI~u~u 'YIneifln~ULU,j1~.rULtn [JUL;; [JunUflElUn1flUaEln1n'13Jfl1iifi1 
q ~ 

n11ilEI~nU~11lJiElULU,amtEl [Jn11 28% 

~ ~ ~-
~1n~an11'Y1f1a'ElUa'lJUfI'YI1~n1[J1l1ViLLa:'YI1~nafl1lJ3J1f11!1U~afllltu.'rI~f1a'1'Mn113J 

58 - 2533 LLa:a'lJUin11Liluu,U1Ufl11lJi'ElU '1IE1~flElUn;f1uaElnhI1u,r1'MUnrieiflna-1U 
~ ",... ..I ..I.. • 1 ... .. ..I. .'. ... .Ji! 1 .. ..1 .. 
"II LlJUfl91 El1 a'fl 'YI 1:9 'YI3J LlJ 01LIJI'Ufln11LL'YIU'YI'MUHUfl1 [JflU'1I11 :LnU [J lJ:Vi111 :"1~'1111: 

~ ~ 

..I .. .. ..I 
LLnaU'YI 5%:5%:15%:5% i~lJfl11lJL'MlJ1:a'3J'YIa'f1 

~ 
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...
5.3 11oUf'UlU":: 

Lria~aflzi'm-nfla'Un;fllJaan~tUI1RflLi'U'lEJ1rnll'!f1~ijRlIUin1'1LiJ'U~'U1'Ufl1111 
~ 

'fa'U ua:ijJ1~iLnLlJ1111n;f'U fl11~~'U1t1i'lJlh-J1I1a1111~~R1I1RflLi'U'lEJn7111'!f1tlLiI'Una'U 
~ ~ 

ri a'U\11111;f'Ulti Lri a L~ 11 R11111fli'lJ n1 a-J BfI 'l~~ afl zi'm...rltlfl111111 fl1j1'Uaflzi'm-n 

aflft1~nnll 58 - 2533 
~ 
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