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concrete to reduce the density and dispose the wastes. The plastic label were cut to 

obtain the difference size of 2;36, 4.75 and 9.4 mm., Foam was used as the admixture 

to reduce density in concrete process. The concrete was produced by mixing water 

with binder (W/B) ratios of 0.30, 0.35, and 0.40 by weight of concrete. Concrete 

specimens of 50 x 50 x 50 mm3 were cast for compressive strength, density and 

water absorption tests at 7, 14 and 28 curing days. The results showed that the 

increases of plastiC label reduce the compressive strength and density of concrete 

masonry blocks. However, the compressive strength of all concrete blocks, contained 

20 percentage of plastic label by volume of concrete and the suitable size of plastiC 

label waste was between 4.75 to 9.4 mm. was higher than 110 ksc which was 
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showed that the plastiC label waste can apply to be an aggregate of light weight 

concrete in construction material. 
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LlJtl1n'Hi\ 1:;tJ:;L~fi1 7.14 LLfi:; 28tJlJ ;;'JtJ':)fi'Y1~Ml1J ASTM C109-07 (2008) 
." . " I 

f'hmrn~~'J (drying shrinkage) ~tl f'hm1~f;ltJl'J~'JLL,x\!'1Itl\!f'ltllJn1~ ~i\!thJ1lJ,j1 24 -D'JUJ\! 

;;'JtJ~'Y1Ii1t\tl1J ASTM C506-07 (2008) 

I"'hmru1f'l'J1l.J1tllJ (Thermal Conductivity) fitlf'hm1,j1f'l'J1l.J1fllJ'1Itl\!l'ltllJn1~l.J'JfiL1J1~i\l 
, 'I ., SI" ..::4..c:1 

tJl.J LlJ'fl1n1t'1 28 'JlJ"'i'JtJ'lfi'Y1"'~tl1J ASTM C177 -04 (2008) 

f'hm1~"'.l.J~'l (water absorptiM) ~tl fi'lml.J'lru~'l~fo)tllJn1~~IiI.l.JL;'lLtl~i\!LL"1I~1 24 

i'J UJ\! LLfi:;~\!Lt)t,xLUlJ LLt\''l,j1~lJl.J1 L; ~;;'JtJ ~1"'l.J1 ~ Ut\''JU1 Ltli\! 

ru 



tJ'VI.;l 1 . 

" 
U'"I,UUU1:: LVI fII'L VltJYi tJ'1tJ'1lJ L1~11'1~ ,,",U'1U1:: LVI flit lXii PI'l'1lJ L '"Iley t U~1Uj;h~1 1'llJi~ 

n'11~ N.JU'1~ IJItl'1 ~n 11lJ 11 ey~'1 ~ lJI'1lJ lJ'1tlth-3lJ '1 n ~tl U ey~'1l1tl-3 L~tJU1::LJlVl~~'1 nYi ~ '1 tl ~ntlU 
.4 ... 0 . All , J'.. tV 

LUtl~lJ'1'"11nm'::U'lUn11U1LJ1P1Li1U'"I1U'lUlJ1n t(;ttJ~~1nU1::LJlVlYi~1\1lJ1nL~~'1UlJtfl~::"'Un 

UUL~tlUtl~ ~'ltJ ~~,rU~~ IA'tl~ iin11"''1~fin11 t Un114' (;t n11tltl '1~ \l n IA'tl~ Ufl ::iiU1::aVl fiJ11Yi n'11 

Yi'1 t lXLi~IUlItl~LL;~ (Solidification) n'11Yi'1 t lXLtl OtJ1 (Stabilization) ritlU~~LUU~,..qlJ tI~nflu 
" 

il,,ntJ (Secure landfill) ,..1tl U'1LuA'I'IUtJnUfl::U'1'Lut;-11 (Recycle) Li"Jun'114''''n'1ntl~L~fJ~fi 

,..rt~ tltl1~L1n 1J11lJ lItl~L~tJU1::LJ1V1Yifl'1tl~niin11U'1lJ1 t;-~'1 f"ltlU;'1~utlm Yi1'1::~'1 Li]ut)tl~~ii 
I tV a 0...... t.r ...I 0 ":r .t::::If . 0... "tIt.!f " 

1'1P11 tJ'1n~tln11'"1(;tLnUUfl::n1'"1'" tlnVl~YiUVltl'1~1UH~nflUlJtltJ'1\1'"1'1n"'Ufl::~tl~ ~"DL'lfl'1 ~um1 

fU~"'lIflU~LI.~U'1U ~fimfri'14' "'~~nfl'1'l~~ hit o{tjfiL~lJ'1::tllJfinlJlflLu 4l'liiu U'l ~'" t umr4'I'In'11 

nUlItl~ L~tJU1::LJlVldtltl'1~\ln~fi L~tl Luun '11Unuey,..'1 tU1::tJ::fJ'1'l L-IU t;-LUU~'lU~tllJt U 

n 1::U'lUm1~ ~ IJI Pltlun ilJl LU'1 n L Yi'1 nu Luum14' ",m ntl~ L~tJ LLfl:: Lih.m'11fl ",mlJ'1 rulltl~ L~tJ 

tltl'1~~fi n~fi,..rt'l 'I'1um4'tJd~\I Luum1~ n1i'1 PI'l'1lJ LUt! 'lu'l~ lJlfltl "''"IUU U'lVl '1~ t Un'11U'1'tl~ L~tJ 
~ lJltl'1,..nnlJ ~\I 'LA uri lItl\l L~tJU1::LJlVl~fl'1 nYifl'1tl ~n lJ'1 LUUt) lJlQ ~ut Un'11~~ IJIPltlUnilJllJ'lfl 

I ..,.. ".1" ".1 .J 
L1.J'1 T'llJnU"lILlJUlJIlJtl1IJ1UflU"'lJ1::LJlVlVl 1 

\I'1U~4'tJd~~iit) ~QU1::tl~ flL ~tlU'1 Ltl '111 tl \I L~tJU1::LJlVl~fl'1 nYifl'1tl ~ n ~~ LUUlItl~ L~tJ'"I1 n 

J1'1P1~lJltl'1,..n11lJiL'L~flUn'llJ'1t;-U1::ttJ,U1'llJnUPltluniIJlLU'1 L~tlLUUn'114''''n'1111~L~tJ~fi 

,..rt~ U'"I'UUlItl~ L~tJU1::LJ1V1Yifl'1tl ~n,ruii LUu4'1U'lUlJ'1 n ufl::u~ii R'14' '" m1RtlU;'1\1~~ ~~"''1 n 

4' "'mntl~ L~fJU1::LJ1V1dU'u~'l fl'1'"1 t;-L ~flfl "'~U'lU t um7rifltl1'1~ Uin~'lfJ 

., tI ' .. ., 
~~q ~.~ft~~~n1'~~ 

1. ~n1i'1 PI'l'1lJ Luu'lu'l~Un'11U'1l1tl~ L~tJU1::LJ1V1~fl'1 nYifl'1tl ~n lJ'1 t;-LL VlU~tUlJ'lfl1'llJ 

L~tl t; LUU~'lU~ tllJ t UPltlUlJ'lfl n"11Jl LU'1 t£'lfJ t ;-~U; LlJuj;j"UtlflJl UflU~ LUU~ tl f;JU 1::tl'1U 

2. "''1tl IJIf'1~'lU~ L,..lJ'1ttllJlItl-.3 L~tJU1tLJ1V1~fl'1nV1fi'1tl ~ nLL VlU~fN t UlJ'lflf'llJ L ~tl t flu - ... 
n'11~fl IJIPltlUn11J1 LU'1 

3 . ~n1i'1imtru::~lJU~VI'1\1mfJJ1'1Yilltl\lPltlUn;,"lJ'lflL1J'1~i'ln'11~tllJlItl\lL~fJU1::LJ1V1~fl'1n 

"fl'1~~n 

4. U1::lJ'1run'11fh tol"''1tJ L~tl~ lA'utun'1rn'1 PltlUni~L1J'1 '"I'1nlltl~ L~tJtl1::LJ1V1~fl'1nYffl'1tl~n 



2 

....... 
'II '!I tJ L'II "'II '!l.IJ n1 'i1'"1tJ 

L~tlt~1Jjj~t)~'lUj::~~f"llUn'w1l1n1n"JItl'lL~tJ~1nLN'I1U~~~1~mnJ1tJH'uj::LtJ'1I,r 

'I1uil4'tJ~1l1"J1tl'l L~tJUj::UlYl~tnn~1 n LN'I1U'11, L~~ LLfi') t U4'''~t)flYij::UM'''1tl1JfitJ1 )J1 t;

U1::LtJ"lIu1un1jYhf')tltln1~L1J1 L~tJt-AUJu~tJt)f~LL~tlr;iLL~::"JItl"LitJtJj::UlYl~~1nYi~1~~n)J1 

H'LLYlU~tU)J')~j'))J L~tl~flPlf')tlU)J')~n1~L1J1~1~fu"1Urltl~U" L~!,Iil~'lLLtJ~L~m;tl"~"~ 
1. llfl"L~tJtJ1::UlYl~~1nYi~1~~nU1::Ul'VItYifl'bil~f')~tlht1l (PVC) ~1nm::U')Un11i\'1" 

ll,)~LLn') ~1l1)J1~1n4'''~t)~Yi1::tlM'''ffifJfitl1 t~tJil"JItl1~i'lLLl'i 2 ~" 9 iJ~flUJPl1 
~... ""'" .... J' ....Jt !f<I .... .,.... .. 

2 . I'Im~n~n~ru::~)JU~'VI1"n1tJ1l1YiLL~::Lf'))JYiUl1U"JItl'l,)~PJ'VI "lI ~U'I1t1,)";tJ ')Lfllj1::\t 

I'l,)'l )J~tI'l LL utlun ~ ~'ltl" I'lU1::ntlU t~~ ::~un t Ulltl" L~ tJUj::Ul'VI~~'l n n'l1m'::,,; 1tJ 

I • .cI t... ... 
lItl'l~I'l~:: 1'l,)'l)JfI')"";'lL'Yn:: LL~::n'l1~~'lI)Jtl11ltl"')~~~~)Jlltl",)~~~~lJ 

3. ~')tlth'l~t;-'VI~~tlu;j"JIU'l~ 5 x 5 x 5 ~nU'l"'nL'lItI~UJ~1 L~tJt-n ~'l1L~)J~tl" ,u~~ri~ 
~'lnfij1)J"JI'l ~ (Natural Foaming agent)Lijtlt)~ ~~~)J L ~)JL ~tl~ ~~'l~unlltl'l I'ltltln1~ 

LU'l 

4. iln'lj'Vl~~tluri'li"fULLNt1~L~tJ~ ASTM C 109-7 (2008) Yl(;l~tluI'i1i)JU1::~'VItn'l1 

U1f'),)1)J1tltlL(;ItJilfi ASTM C 177-04 (2008) Yl(;l~tlUf'),)1)J~U'lLLUU LL~:: n11~~~,) 

LLUULL~"L(;ltJilfi ASTM C 596-07 (2008) 

t1~ttJ1fU;tA1f1-l1'"1~'lM\J 

1 . ~1)J'l1rt t.jj'"JItl'l1.a!J1h::LllYl~~'lnYi~'l~~mtlut)~(;I~~~ ~::U1u"1uf')tlunlP111.J'l1~ • 
2 . L~)JYl1"L~tlntUn'l14'(;In'l1LL~::H'U1::LtJ'lIU~1n"JItl'lL~tJtJ1::LllYl~~'lnYi~'l~~n ~"Liju 

~ ...J.... ........ 1:' t t ".. . ~ 1:'''...J lltl" LrttlYl Ln (;I";1n n1::U')tl1 ~'1 LA~ll,) (;I LLrI') (;ItJ~)J ~ ~ m::'VlUPltlrt'l LL,) (;I¥'ltl)JUtlfJYli1(;1 

3. ~1)J'l1Cl1l'l;tl~~LL~::t1;Jl1~')tI~L~)J'l::~)J1tJtJf1Jt;n.u"1t1f')tltln1P1Lu'l1~ 



.... 
tJ'VI'VI 2 

, I ", . 

~ LlJtJlJ! L~m;1) 'lu~2J'l tJ t1~1' 11 ~U1~11 'ltJti~~'nJ'l1C1 U1~11'ltJti 1'11' IJI ~'tJLfl n1L ;'llll)witJ 

,ii'l~'l ~ UJtJv1~lJ'ltJ Ci~~ UJtJ~~~'ltJU1~LIl'VI LLIJi~'l~flJ~'ltJ'Ilflll) nn2J LtJii1 LL~~~'ltJritl111'l~ · ; UJtJlJ! 

~2J'ltJ t1~1'~ ~~~~~L~tJ I'I~ L 'VI'l Liltl ~112JJ'l LLfll)~~11'llJ'l1C1 t;' Li"JtJ1'11 "JU1~~1tJ 'l~ Ll'ltJ; UJtJlJiI.;-LUtJ 

1'~~u1~~'ltJLiltlU1~2J'lru 3000 tlritltJfil~lJI~n1'l"1l n'l1liliJtJ'l'Dtl~~tJ;L2JtJv1Utlf/JILL~tJll~~n 
... .t f If 'I ~ f "J .......... ..I 

ytliJ'U'l'DtJ ~"'tJ LLtl~ L '1~'lLLfI/JI~ tJ1J 'YU'1. 2356 ~"'tJ n'l1L~'ll't'ltJ~~2J'Dtl~~tJ"1Itl1n LL~~"'tJL ~tJtJ'l'VI 

~htJn'l1lJ "'~~Lt1tJ ",lJitl2J'ltJ'ltJ L'"i L"JI~ LLtl~ ~tJ ,h.:J ritl1111~'111'lfl",i 'l~ '"i ",a'VIfiU/JI1n'l1~fl (;I 
.1'" ".1" .. ...I ... ..I , ~ .. .1 ~ !"I 

II ~tJ"JIUJtJlJlutl1IJ1LL~tJ"'" UJtl'ltJ'VI 21 lJl~1f12J yt.fII .2367 tltJ'N L1nlJl'l2JfijCU1l'lyt'Dtl.:J ~tJ"JIUJtJIJI ~tJ 

~,rtJ,rtJrj~'W~un L~tl.:J~'ln~ClJ~JJijLtJn'ln~1rj~~'l 

~"'.J.lu;'IJ'8~.1'iilr.;nt;n.n .. an0illJl '1Itl'llL;m', 2544) 

.1_ ....1... r,,1" ~ :,!.;~ 
~1j-1l7.::nfllJ~~n'!l£l~'oltJ"JIL2JtJ(;1L~LLn CJ>, C 2S, C3A LL~~C4AFLtJtl~'"i1nUll~2J1ClJ 

lSi ~ ... CII .I ..... CJ" .~ ..,. 
2J1nm'l1tltJ~~ 90 'VI~tJ~2J~11U1~ntllJtltJ1 tlm~ntJtltJ L"'tJ~11U1~ntllJL~~'ltJLUtJ/JI'lm,..tJ'" 

fjru~2J~LL~~fijCU1l1'Yi'Dtl~~U~UJU~ 
" ...... ~... PI. 1 ..I .J. 1 • .!"I .. .J ... ~ 

1. L/JI1f1~L'IItJ2J"]I~Ln/JI (C3S) L1JU~111J1~n'tllJ'VIVilJ2J'ln'Vlt1'" lu11.:JL1JtJt.I~m~~tJ2J 2J~ 

L'VI'lL;2J ~ClJ~2J~'DfI.:J C3S L'\.tilflU~ClJ~2J~'1IfI~Uflf/JILL~tJMUJU~ ujfl~~2JrilJd1"'~LL;~~'l 
I .. 0 ...... .,..:..r I r..... .. ...... 

l11tJLtJ 2-3 i'lL'NLL~:::'1:::2Jn1fNI1tJLLNfI"'Lyt2J'DtlfltJ1~2J1nLtI~tl~iu"'1"'LL1n n'11Ln"'U{ln7tJ1 

ntJ~'lU1tJn~'l~ ritlt'l'l L1'l t U'W~{'l UJ~ LL~~'VlulJitli~ L -n IJI 

2. 1."'~~L;tJ2J;flLn/JI (C2S) ytlJ2J1n1tl~~~2J1~'ln C3S iJim;-ru~Lilu'VINn~SJ t\\'n1i~ 

f1JLLNtl"'L~2J~tJLtJ1:::tJ:::~i.:J (14 Ci~ 28 1'tJ) vi1UnmtJ'lnlJ~'lfltlU;'l~;1 L,\'fI'l12J1fltiufltJ 'VltJ 

IJiflm1n"'nffitJ'1Itl~i~L-n/JI iJmm",,r'lUfltJ 

, 
... I "0 .aI... ... 

LLNfI~flfltJ'D1~/JI1~1m'VltJlJnlJ C 2S nlJ C 3S 

.., ~ Af • .I!11 r .!"I"J. 1 .J II .J IL!' ... "J 
4. L/JI/JI11f1~L'BtJ2Jfl~2J ~ULl1fl1 L1'Yl (C04AF) L1JtJl't'ltJ1J1~nfllJ'Ylyt1JUfltJ'Yl~'" L»flfltJ2Jl't'lU 

~ , ~ 

n2JLun'lmNJu'lihi~ftJLLNtl",";~Lu1:::tJ~LL1nLL~~1:::tJ~~i.:J Lilfl~~1nvi1uljnw1nlJU1f1th~ 

;11 iliL'Vl1-'D1'l L"'tJ~1nl1~nfllJ~~ 4 ~ilfIJru~2JU;tJi1~1 ~~/JI1rl~~ 2.1 



4 

" LLlN n'lU~tltln L'I CJ\ (MgO) \nni1tl~l t.I~t.I:j Ll-J"II;lLihJ1tltJ~~ 5 Ll'ltJu1\nrn'"t~r1tll,.\' Lfll'l 

1'l'l1)J hJ f'l~ ~'l L~tJij r.I~ 1," Lfl ~ mf'JItJ1tJ ~'l1 t.I)Jtlf(;l1 LL~~f'ltlt.ln1V1t't~r.I~ 1," Ln ~ m1LL(;In11'1 .. 
~t.I'1I1'l~~1~(CaO) '"t~yj1t1nnhJ1n1JU1tlth~.r11 ~~~"1n~t.I~Ll-Jt.I~LL;~~'lLLfl'l ~1nil 

fld)J1nn~11tltJ~~ 3 '"t~~~r.I~ 1,"Lfl~m1r1flvT'l.r1 

utl.f)J (CaS04.2H20) y'hl,"~t.I~Ll-Jt.I~~ru~)J~r1flvT'lLL~~LL;~vT'l.r1 ~1nilfl~)J1n .,~ 

yj11,"Ln~fI'l1)JhJfI~cA''l LL~~n1~~f1JLLNtfl~UtltJ~~ 

Ltl1LLVI~L~tJ)JtltlnL'lI1Ji (~O) LL~:L'lIL~tJ)JtlflnL'lI1Ji (Na20) ~~Lilt.lt;i1~yj11'"ri1~~f1J 

LLNtfll'lL~)Jlt.1"lI'l~LL1n LLlJi~I'I~~lt.11~tJ~~~~ f'ltlt.ln1V1tl1'"tLL(;In11'l~1nyj1t1nfm.J1n1Jl'iIh~ 

--FlN.J.lUli • C3S C2S C~ C4AF 

1. tfl(;l11n'11 
I I 

Ln~1JDffltJ1 LY'l(~ LlJ~) -t'l(f"'lUJ~) liumulJ1 .. .. 
Lfimn (U"1f1) 

111L~ri'u 

2.mm""'t.l1 • • L1'l)J1n L1'l)J1n 

• .., w 
L1'l(.rt.l) .r1(tl1l1V1tJ) .. ... . ., .... -

m~~tl~ ('It.lL~tJ'l ) ('l'ULl'ltJ'l ) 

3. n1~~tfl~ I I 

fifJ'\J;r1~~~ 
0 0 

th,~trtJ 
~~ .. Vl1 (;11 

4. fI'l1)J1tlt.l 
" l.hUn~1~ UtltJ ~-3)J1n t11un~1~ 

'"t1ntl~mtJ1 
(500 ~~lnf)J) (250 ~£\lnf)J) (850 ~~/nf)J) (420 ~~lnhl) 

'biLl'lriU 

5. "lru~)J1J~ "lru~)J~ hJfiI~cA''llu,l1 
o \"~'" ,. 

../ ... tl" 
'Yl1 ~ U'ILlIU(;I 

flU1 ·~)JtlU . tl1V1 - LL~~Q.ni~ L~VI 
ij~L'Yl1 

LL~UMLl-JUIJl yj1~1tJl~~1tJ 



t1DM!J'l'i::wh.IJ~u;uJu~niJ1f'l (rHl(;l '1Itl~L:nm" 2544) 
~ ~ ~ 

UJtl~~~~\I~'l.!fi'1J~'nJBnhl1j:;Wl'l\l~U~UJuiJlri'1J~'l "':;L1tJn~'ltlBmmll1L~1"Du 

(Hydration) ~'l1tl1:;ntl1J C3S LL~:; C2S ~tl~tu~\I~u~UJuj;f,..:;.yhtlnmtJ'lri1J~'l 111 

~'l1tl1:;ntl1J;ihM(;IttILMVl (3CaO.2Sio2·3H20 : C3S2H3) LL~:;~~L~~tll~1tlnL"lI"'(Ca(OH)2) 

2(3CaO.Si02)+6H2O -7 3CaO.2Si02·3H2O+3Ca(OH)2 

2C3S+6H -7 C3S2H3 +3Ca(OH)2 

2(2CClO.Si02)+4H20 ~ 3CClO. 2Si02. 3H20+CCI( OH)2 .. 
l11tl 2C3S+4H -7 C3S2H3 + 3Ca( OH)2 

~'l1tl1:;ntl1JLLfOl~L;ltJ~~~Lm'tfl1.tIL~1j;J C3S2H3 .yhtML~uIJ!LY'I~v1Ln(;\Ltlu1u (Gel) 

il fOlOJ~~mlLtlU~i)tl1:;~'lU il fli)'l~ L l1utJi) f'lft'ltJ mi) LL;\I ~i) LL~:;fj ~ Lm:;LL'lluri1Jlr~ ~ ~~~~i)U • • 
LLfOl~L~tJ~111~1tlnL"lI'" ~'ltW!UJUIJ!LY'I~v1Ltlu~,)\I ·lhtJiltl-.1riu~U~tuLl1~m~1~ 

5 

~')ru1:;ntl1J C~ ,..:;~')tlflmtJ')ri1J~')l'iu~l'iut~ ~\ltl,)"'ritl t~Ln~m1ritl~i) LL1J1J~~Un~ 
(False Set) ~-.1~')t~Ln~tlflmtJ')1.lIL~riU;,)~\lL"lluL~mri1J C4AF 

~ I ~ 

n') ni ')tlnmtJ ') 1:;l1~,)-.1~,) ri1Jtlu~ L~Uj;f,.. :;l1tJ '" ~\I L;jtl~ ') 1:; L l1tJtltln,..') n L~Uj;f L Y'I ~v1 4.J .. • 

t-1~"'LL~i) ~\I,run,)1tl~~-.1Ltlum1iltl\lrium1~'lJL~tJ~'l1uf'ltlun1tfl Li)~'l~1-num1~')tlflmtJ'l 
~ I ~ 

~U~\liitl~,)~'l~'Y1um1~~U'lri'l~\I~tl-.1l'ltlun11'l L"1lu ti'lliltlun1I'lYlH'riUI'l,)~fi11~"''l~uH/L,)~'l 

tl~ 1 Li;itlU "':;Y'l1J~')~u;lUJu~ri1J~')~')tlnmtJ'lriuL~-.1~'tltJ~:; 80 

t1~Ul""il.IJ~U;rL~u~t1il4~LLaU~(mtyty'l ~u~ntlj:;L~1l LL~:;-ntJ "''llJJml'imf~~, 2547) 

~iJ;lUJiJ~tltlfflLLflU"'LLti~LtliJ 5 t1~:;Lf1'Vl~\I~ 
.1 .,J.I ~ ".1" .. .1"''' J'... 1" 1 .,. u1:;LIl'Vl'Vl 1 lo!U"JIL~Ul'lutl1VlLL~U(;\fin~~'l lo!U"lIL~UVlLL1J1JUUtJ~ "lI~')n U-.1')UfOltlUMVl 

tb:;lJ')ruHld')~u;lUJu~ 1fltJ~:; 90 ~~~VlLtlU~U~~Uj;flb:;LIl'Vl;l U1.U\I')urifl~1'l-.11Jn~L".du 
... 

L~'l fl'lU l')u1'ln ClUU LtlU~U ~u;lUJuj;f tl1:;LIl'Vlil1~ri'li\l~\l1u1:;tJ:;Li)~')1Jj1i)~Lli)~nLL~:;1~ 

1'l')')~ffiuthun~')-.1 

tl .,J.I'" ".1 J'1" ~ I ... ".,J ... J' ..... .r " 1:;LIl'Vl'Vl 2 ~U"lIUJUVlu1:;LIl'VlU t-1fl,)'l~~\1 ~~'.J')nun 1'l,),)~1flU'VlLn(;\~U"'-.1Ln~"UUfltJ 

n~')tl1:;LIl'Vl~ 1 LLr;i'l~ri,)~-.1'lnftL~mnU Ll12.)1:;n1J\I'lU~'Vlur;iflm1'VlU{~L~Vl1.~thun~'),:j 

tl .,J.I'" ... I" ... I CI ... CI .!'l.I'" ... I .,J1 " 0 ... 1:;LIl'Vl'Vl 3 ~U"UJUtflutl1I'lLL~U(;\u1:;LJl'VlLL"\lI'l'J L1,) LUU\jU"lI UJUtflu1:;LIl'Vl'Vl t-1n'l~-.1~,:j 

t U1:;tJ:;L,)~,) LL1n t ~ 1'li)'l~~tlU"',) ntlnmtJ'l1.tI L"'1;U~'H Y'l11 :;jjm~'l OJ C3S ~-.1 LL~:; fl')')2.) 

.,. I.I~ ".I.,J ... .,J.,J" 1" 'i.J 
~:; LtltJ "'~-.1 ni)l \j U"JI L~U(;Iu1:;LIl'Vl'Vl 1 ~ ') n L t-1~1 :;n1J\llU'Vl-.1'lU 'Vl Vltl\l n11 '-.11ULl'') L -nU-.11U 

'fl~LL"lI~ 
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th':UlYl~ 4 ~'I.I.UJ'I.I~tltlf"'LLfl'l.l"'1\\'fl'l1lJ1tl'l.l~11\\'fl'l1lJffi'l.l1il1ntlniihJ1'tllL"'ri'l.l~1 
Ll111:ihnlJ1CU C3S ~1 t"'m~~tJiifl1t11:lJ1CUffitJfl: 25 i1~ 30 Ll1lJ1:nU~1'1.1t11:LJlVl L~tl'l.l

fltl'l.ln11J1l1ffi(;ltl~tl'D'I.I1 '" 1l1rU 

tl1:LJlVl~ 5 ~'I.I~UJ'I.I~tltlf(;lUfl'l.lIifVl'l.l-rflL~'" LtI'I.I~'I.I~Vl'l.l-rflL~"''t~~~ Li1tl~IiI')nii C~ 
UtltJ~~y'htlnfiltJ1nU{fl L~ '" 'tIlUtltJl11tl hi'tlA' LfltJ y'h L \\'Q n n ",n1tl'l.l1il1 n-rfl L ~ "'fl I'lfl~ Ll1lJ1: 

.J... ... ..I '''I ..I... .. .. .., •• 1 
~1l1ru~1'1.1fltl'l.ln1(;lVltl'J ~'I.IVllJLnfltll1ffi~11fl:fl1tJ'lIflLl1Vl 

2.2 FlilUn;IJI (WCUC\P ~'I.I"'1t11:L~ll Ufl:;tJ 1i11~riiini~fl, 2547) 

.,j PI ... .J r" J'''' "I" .l' 'i'!!' PI ... ..I 
flltl'l.ln 11J1 LlJ'I.I'l~ ~VllJ'ilffi ~11~'D'I.IL l1tl n11 ~ 'lI~1'1.1~1'1.1 ~flN~ 71~ Ufl: LlJ'I.I'l ~ ~Vl~1lJ11" 

l' "I "... tI' ....!' .,.. PI "'I.l' - I"!! tI .oJ .oJ 
~71~ ~ l1lJi 11~fln~CU:1JI1lJ I'Itl~n11Ufl:L l1lJ1:~lJnu~')'I.I 'lI~ LlJ'I.I'Dtl ~~ Lu1tJU 1:n11l1'1.1~ LlJtl 

• I"!! .. .......... .-, .. J' ''''-.1. tI ' 
Lu1tJUL VltJunU'l~~tl'l.l1flCU~lJU(;l "'1~1 'Dtl~ flll'l.ln1"'~ "''D'I.Itl~ n1J;t'l'l.l 1:ntlU "'1~1 'Dtl~ 

fltl'l.ln'1(;l,!'1.1 flCU~lJ1J~'Dtl~ Fltl'l.ln1Vl~ tA'tl~n11't1l uri fl'l1lJ~~1 L~lJtl'Dtl~~'l'l.l~~lJ FI'l1lJ~1t1L '1.1 

n1 "th L~tI~ Ufl:'D 'I.I~~fi 1t~~ 1 tI L~ fl L Vlfl~ UUU~ 1lJ1 "Cl€ '" U 1.i'l.l'l~~1 tJ t"'tJ1.2J Ln '" n11UtJ n 1K'l 

... .. ~ ... ..J-'" 
2.3 n""J.I."A9un"l~tJ'" \"IJ'I.IJI'DfI"lJL'lItJ1', 2544) 

"I . ~'1" t ... -.I. ... "Ilf • J'.J " ... 
LUtl1fl1f;t'lnfl~71'1(;l1'11 U1l1Un;t')Ul1U'IIiI:J LlIfl1U'HlAl11'DU1"'LUtlVll1U1(;ll'lUfl:J'DU1'" 

Ll1~nLl1~nL~:lJLtI'I.IJ1l1,rn'Dtl~~'ltl1fll11Ltl~ ~~ti1l11n~1lJ11m;1L\\'~'ltl1F111LU1fl~'t~titllJlh 
L "''D'I.I1",tflN~f1~ L~ n fl~ l11L "'tl1:l1U '" 11 fl1 rifl ~11~fl~'t~ ~~ Flfl'l.ln1(;l LU1!J~fin11~fllJl 

..I ., ., 
L"Ji'l.lL;\tI'lnUfltl'l.ln1VlfiUlJI'l1 uIJiH'r)~~~~lJVlii,j1l1,rnLU1n~1 'I.ItlnIil1nilFltl'l.ln1"'LU1U~H·LtI'I.I 

... t_ .. 1'-' ... ..., i' ., f I ... -4i''' , 
~'I.I!)'I.InUFl!)'»J-nJ'I.IL~I'lml1 fltl'l.ln-1IJ1L1J'»Jl1'1.1'ltlU1l1Untl~1:Wl1~ 3OOCl~ 1,850 nLfln1lJlJlfl 

~nU1f11nUJ"'" 
... . r "''1.,~ 

fIIilUn'IJIL1J''11LLUnlJl'aJ'MU'UJU''Mun ~"L1.JU .. 
.. ... o. ClIo., .. 

1.FltlUn1IJlLU1'l1U"'Vl1~U'lU (Insulating Lightweight Concrete) 2JU1l1Un 315 Cl-1 

1,100 nLflnhllRtl ~n1J1f11nUJ"'1 ihi1i~1UUN€"'L~tltl1rJ 28 r)'I.I1:l1~1-3 7 i1~ 70 nLfln1lJ IRtl 

Vl111-3L'lI'I.IAUJVl1 
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., 
2. fi)f)\ln1J;1LU1"l1il~.yhLfi)N~f1~ (Structural Lightweight Concrete) ) iiU11-nl'n 1,400 

Ci~ 1,800 nLfln1lJ vlf) ~nU1f11nLlJJ;11 iirhtr.:J1ULLN~~Ldf)f)1tJ 28 1'\1 hJ~1n~1 170 iit~n1lJ 

~f) ~111~L'\I~UJJ;11 

3. fi)f)\ln'1IJl"llU~~.:JLU1 (Semi Lightweight Concrete) ij~1wun 1,800 Ci~ 2,050 

nLfln flJ c;lf) ~nU1f11nUJJ;11 t-rvil~'lnfi)f)\ln1~U~f)n ijri1tr~fuLLN€~Ldf)f)1tJ 28 1'\1 'W~1n~1 

120 nL~nflJ~f) (;J111~L"lI\I~LlJ(Jl1 

2.3.1 A'ilun;J;lmi)J1a,'um.J1 (Lightweight Aggregate) (i"ll'l1~U Lfllntl1J1Jl1, 2540) 
i-

ij~1l'ltJ,j11-nl'n1~~~I.:J 65-1,000 nL~nflJ~f)~nU1P1nLlJJ;11 LVitJunu 1,000-1,750 

" 
nLflnflJc;lf)\'inU1P1nLlJ J;11 '1If).:JlJ'lfl1'llJUn ~ WU'lml1~,rn'1lf)~lJ'lfl LU1LLPifl~"lIU~ LL~~NHt\l 

~111~~ 2.2 L11~1lJ11'l'i1LL\lnlJ'lfl1'llJLU1f)f)nU'LtI\l4 "lfil~~f) 

1. 3J'l~f'l3JL1J1~'ltJi''''1nfif~3J''lI1~ 'l~LLfi ~\I L'lf)fij~'l~[;f L~!lfl~j;) L~f)fl3J~ LLfl:: ~LfI'lfl[;f 

~~ LiI\I~'l nfl1'l'l~~f)~ ~'l t~tJfi11lJ"lI1 ~ Ln ~~\lL 'lfl1/J L'1 1 ~ 1::LU ~ lJ,)fl1,)lJ"lIU~~t -r ~~lJvi1 fi)!l\ln'1J;1 

~'W~f)~m1ri1i~~~,rn LLfl::lJ,)fl1'llJ~~~~;lJJ1lJ1n 
oJ" ... "'!"I oJ,... ... ... ..I 

2. lJ,)fl1'llJLU1Yl L~~1nn1::U,)\ln11~fl(;J Lu\llJ,)~1,)lJYl L"lI~flJ;1fi)f)\ln1IJllJ1nYlq~ 

~llJ11"~ILLun'l~LtI\I 3 "lIU~ 

1) lJ,)fl1'llJ ~\lL ~iltJ') 'l~lJ1't1nm1U1 ~\lmiltJ,)lJ1 ~~lJ riU~11~ fif) hl Ln ~~f)~f)1 mPl 
, i-

LLfl::u1hh~1t\l~~f)L~1 (Rotary Kiln) Vi 1,200 t:l~fII1L"lI~L~tJ~ ru ~ru~/Ji1il~::-ijm1'1ltJ1tJvl,) 
J 'I...... ... r... !"I •• 1 " .t...... ... ~ ... 
L\lt:l~~1nm1L~1 L~lJ'1If)~~11f)UYl1mn~Lu\I.,.,f)~!l1mPlf)'J L\lLUf)~\I fln1iru::'f).:J~u~')n\l~::lJ 

pJh .mfllJ LL;~ ~')LffiUUU\lLL~L~!lJl1tJt\lLtI\lL~N!l1mfll 
- .. " 0 .- .., I..J ... J! 

2) lJ,)~f,)lJ~\lL'~ L~lJ1'"t1nmf\l1~\I~1\1 (Shale) lJ1~~lJnU"1UYlU~~l::L!ltJ~Urt'l 

°1.1 ...1... .... ...... ... ..... 1 ... 
\l1uL~1Yl~ru~/JlJ 1,200 !l~fII1L"lIflL'tJ~ ,)1Jl'lr;!u~::\!n~~f)lJ1,)lJnU LLfl::"'::lJ.,.,f)~!l1mfll\!nnn 

Hi.\lL ~!l~\I trn1iru::'"t::Li1\1~\I~ij fi)'l1lJ LL;.:J LLNlJ1 n ~tr.:J~1 n~ L~1lJ,) fl1'llJi.:J~f)-3~'lrA' LLfl'l't::1l1 

..I" ~. I I , ~ ... .J " ....:... CI ,...... .. 

lJ,)fl1'llJ LU1Yl L'" LUtJ!ltJ L~ L~'\l1r;!YlIJlf)-3m1lJ,)fl1,)lJLU1"l1\1~U"'I~lJfi),)1lJLL'~LLNfi)f)\I'1I1.:Jr;!"'I-3 

!"I..I... , ... ... 
Lu\lYl\ltJlJ L\lm1CJfl(;l fi)!l\ln1(;1lJ'lfl LU1 

3) Lti1fl!lm~1 'lrA'~1nm1U1Lt11flf)tJ ~'lrA'~1nn11L~1'l~~'1If)-3ri1\1~\lLLfl,)~-3U1'lUL~1~ 
i-

~{)J~/Ji1tJ1::lJ1ru 1 ,400 t:l-3f111L"JI~L~tJ~ ru ~ru~/Ji1ilf)o/l1fi)'f)-3 Llhri1U~U Ln1-::riuih'1l!l~ 
" .. <III I " .Gil 

lJ,)fl 1'llJ'\I~Ufi)f)\I'1I1~LffiU 

oJ" " ...... r l'" , !:At " .. ... co, ..I " ". I 3. lJ'lfl 1'llJ LU1Yl L~~1n~11t:l\lYl1tJ "lLLnm1 L"lI LlJ~ffiYi~I~(JlnU1.:J"lIUr;! L~~~lJL'1I1 LU 

LUfiI!lUn11P1 
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2.3.2 t~)J"'ilUn;,. (i"ll'l'lfltJ LfII~1.JlJI1, 2540) 

... • I J'" " .. I .l"" ... ... 
f'I~Un1lJ1u1~Lfl'VIU L~~'lnn'l1tJ~).Jll~~~'ln'lI'i"llU'l~L\'iUtJ'lfl\\UJnfl'l~ 0.1-1 ).JflflL).JlJI1 .. 

u~n~')n~6~~')).J,)1tlYht~Ln~f)~un1lJ1LU,) \1iL~tJYht~Ln~~~~~')mfllL~n1 r.t')u'Ju).J')n tUL~~ 
f)~un11J1 ~MJt~~,)1Lflijt1ul~LLrl~N~~ihiltJ).J (Aluminum Powder) tum).J')cu 0.22 L"'tJ 

~')'~nrn"ll~~; L).JUlJ! ;~~~,;')unnw')nu ~U"II,)'1 ntl t ~ Ln~~tl~1I~~ 111LMLrotu 

Pl~Un1IJ1LU1~H'~""nn~~~~'lm~ -(Aerated Concrete) ~"~~flIJiL"'tJ'Wtf'VI1')utu 
~ 'JUtJ ft).J;~~::U'1).J') t fl um~'1~'JutJft).J;~~::U'11tlt -n um 1'; '1 'il U'lUi1~~ nUfl'J '1).JlflU ~U'ltJ 
.. .. .I 
u'n.,rn"ll~~fl~un1IJ1tl1~LI1'V1iltl1~).J1CU 200-300 nLflnhJ~~tinU1I'inL).J1;f1 LLfl~tUn1nl'VItf .. 
'VI11tJ~~il~u'ltJU1'nrntl1~).J'lru 500-1,100 nLflnf).Jr;\tltinu')l'itlUJIJI1 

2.3.3 fl'ilunl,. \3Jil"'~u~.)J.:a;!I" 

I'1~Un1IJ1tl1~U1'V1dt~~')nm1t)Jt~'VI11tJfl~tU~'JUtJ~).J,rUfltliiLYltJ~~U ~~tln~~~t~~u .. .. 
1Iu,)"'L;itJ'l LLfl~ijU'l~ULflfl~U~~~U1LLUU'WLnu 1-3 ijfl6L).J1;f1 ~~'YiU~1fl~Un1lJ1tl1~U1V1ilil 

, , .. 
'1I~~~1~~ffiL'YiN~~).J')n~~tJfl';1t~f'h~~t1"'fl~U;')~,j1~1~ru~u'il~~U~1 ~U'JtJU1~,rmJ~~ 

... '1. ! ... ,,/ ....r ,., ... PI ., ... .1... ... ... , 
FI~um'lJI ~).Ii1';)U~ ~).Ifl:: ~tltJ ~~::"IJutl",n1J"IJu') ~ flfl::"IJtl,nn~~1JU~fl n ~U'VI).I"IJU1 ~ ~~tl'~~::).J~U'ltJ 

t ".1( ,....oJ ... ,,/ • I 1'_ 
U1~un"U~tJm,)~U'VI).J\'i'JUflfl~u~).J1CUnJtJfl~ 10 

'.. ., L"mi'l'tl~u'l!Ju'~'I!n"llf)~jI\f)un·hnJ1::LJ1'V1ilf)~1::~~"l.:J , ,600-2,000 nLflnf).JlJifi .. 
tinU1f11nL).J1;f1 LLIJit1')tf).J'Jfl1'J).JLU1 ~U'JtJU1~,rn~1~L~fl~LYltJ~ 640 ntflnf).JlJi~tinU1f11nL).J(;l1 

t " .... 1 ,J 0 .:, ..." ... <If" .J ... .oJ n11 "II.:J1UI'1~Un1IJ1u1~Lfl'VIUI'1'J1'V11 n11rot L 1ItJ11'1~Un11;f L 111 LLUU L Vitl.:J LflnU~tJ L 'Yi~~fln LfltJ.:J 

if l' .1 II ... ... , 'I"'" .1 ,J .J ... 
CU~1U')",UL~fltl~n~1n~u L11ft')).J11m~1'11fl'l1).Jft1).J,)1m'VI L"'1I~.:Jfl~Un1lJ1u1~Lfl'VIU "lI.:Jtltl .. .. . 

Luum1L ;ftJ~'Yi~LL~'J 1'l).Ji.:J f'I~un1j;\tl1~Lfl'VIil'Wil m 1LLtJ n IK'J ~~ft ')).J11tl L'VI 'II'YJ n fl'l'l).J '~1I~.:J 

~1J 1J rhi.:Jtr~flt)1~n1IJ1lJ";:~'VI~t)~"~~?1~ 1-8-180 ntflnf).J~t)1JI1"1.:JL'U~~lJI" ~ut)~n1J 
WU'J!J~1~Un1l~~I'1~unilJl;~i).J\iufiL"'tJIJINr;I~tIhJ1CU~U;L).J\u;f~t-r ~'lUfht1lJ11')~'JU~1 r;I~ 
~ .. .oJ .1 ..,! ... ........... <If" .. 
"lI L).JU"''VI L ~).J,~ft).J fII"l1fl 'cI"~~'~'.:J 0.38-0.52 L Ufl.:J~' n fIIflUn11J1).Jn'1tJ'" Ln'~L 'YitJ.:J LflnUfltJ ~.:J 

f'I'l~~t~U'lUVifl~).J"''l1L~flt~l'1flUn11J1';NJu'lih~~t1'" 
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... If I ... .J ... ~ .. If "I..... ......" I.}'''' '111 ~ 
fltlUm'lJI ~2·a·h,'lU~::Ltl!J"'U ).Jn~).J ~"IImJ~'lUfi)tlUn1IJ1L~1).JL~~n LLIJI"'l(;ltl~ ~lIfi1'l1'Y1~:: 

LflfltllJ L ~fl m~l).J ;;'l!JJ'l~U 'h\/~U'l1.J1::).J'l ru 3 i1~~ L).J 1J11 L ~tl L~).J LLN!j '" Ln'l ::LL~:: 1 ;~u~ L).JU~ 
~ ~ . 

U1::).J'lru 70-130 nt~nf).Jr;ltl~nlJ'lfllnL).JtJl1 ~~UUl'lfil'l"lltl~filtlUn1(;1U1::L1l'YIil~~Iii'l).J'ln .. 

2.3.4 fI'ilUn;"L1J1LLlJlJii,"'8~'il1n1f1f-'illJl'il,r1(Autoclaved Aerated lightweight 

Concrete, MC) ("II'l(;l'1 ~'l'l'YIfviJ, 2551) 

... ... "' •• 1 If ~... rtl ..I... ..!.. 1 

n'l1~ ~ IJI filtlUn1tJ1 LlJ'l LL1J1J).J ."tl~tl'l n'l fII-tl1J ~tlU'l ).Jtl~ fiI 1:: n tl1J'YI ).J fI'l 'l).J~ 'l fiI cy IJItl 

m'::1J'lum1~~tJI~'l).J'l1tlLLu~tltlmtlu 3 ~'lU;ltl L~tl1~n'l(Siliceous) 'l;;LLri )J'l~1'l).J~::LiitJ" 
~1t)l'lMtJfi:;~~tJ~ ti'H'J~U (Calcareous) '~~rl~u;~).JUlJltJt)fll~fiU~ ~fi:; ~WD1'l \1r;,Vl1tJ ~t) 

mmlilu"In"li~ (Reinforcement) ~~LL~,,~l'Wl"l""-~ 2.1 

Autoolaving 

Pore 
Mixing 

Generating DIspatching 

... .. r 
("11"1(;11 ~'l'l'YIffl!J, 2551) 

~~~filtlun1IJ1L1J'ltl"l~LLU~IJI'l).JU1::L1l'YIn'l11;~'lu1Mln 1JI'l).J1Jl'l1'l~~ 2.2~~filtlUn1IJlL1J1 

LLil~::LL1J1Jilrhi~ruLLNti~ LLfl:: ~ti'l!JJ1~,rnlJh~riu~uri1Jfln!tru::m11;~'lu 
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n1fl~~~lu~1~~n~1~n 
, " .. 

~U,)tJU1~Un 

U1~LIl~ 
(fiL~n1)J/(;l111~L"JIU~L)JV11) (fiL~nf)J/~n~1~nL)JV11) 

f'lflun1"i~t;{)J,)fl1'l)JL~1 

(Light Weight Aggregate 180-400 1400-1800 

Concrete) 

.. 0.., , 

fltlUm'V1~1~1~~'lUntl 
100-180 500-800 

(Masonry Concrete) 

... 0 ., 

fltlUn1V1~1~~~1U~U,)Ufl,)1)J -
10-100 Ut)tJn~1 800 

1'Elu(lnsulating Concrete) 

~ ~ 

1~~ L"llU ;:h11~um~1 Utl~nUfl,)1)J1'ElU 1'))J,,;~u~U'El~nuL~tJ~~~V1'EluHI~~n~,)tJ ;'El~U~~ 

AI ... 

" 'a " 
1. d:lU~U')Ufl')1)J1'ElU~~ .. 
2. ~~1l1~un''El~tflN~11~ 

.. , , 
5. 1l1~;rn'tl~ filtlUn1(;lYi~ I'Ifl~ Li:lUn11L fi)JU1:;~~fiIl1fit un1nu~~ 

')'8LiI!J 

1. 11fl1~~n~1fltlUn1(;li')11u 

2. tIItl~t~tt;'El,.h~~1ntu"'1Un11~~~n11~1L~tJ~n11L~fl~LL~~~1nn~1fltlUn1V1i,)LU .. 
3. t;~i1n11~~;~1l1~1nn~1u~~ri'Elt\\LnVl n11~~1Ji'') (Dry Shrinkage) ~~ 

\UJ~"'a~A'aun;"'L\J1~UV1 "lltl1L;tJ1, 2544) .. , 
1. fl'Elun1V1LU1~VI~~u11~~1nn~1f)tlun1(;lfi11~"'1 Liltl-1t;1ni1lfiru~1nn~1 

2. f'lflUn1~LU1~~~'l~1nn~1f'1flUn1~fi1nJ~1U"~~1n.1ifltJft~ 5 ~~ 40 ulJlf'lflun;'~L~1 

~H1.url~'J~~~ ~~LtlU~~V1~fl4t1n ~ULWI ~U"1U ~ffi V1,.~nfu 4t~~"IA',)UfltJfl~ 
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4. ')1ibl!~~ L1 L"JI'JJ~~I"t~un1~ LU1L l'i1';U fil~un1j;lfi1nJ I'll LL~,.)1 Ll-J~i~!jl'l~~U'"t::ij,)1 
. : . .,.. . _ .. _0 ... ., ~ I" 

L'Yl1nU 0.5 Cl~ O. 75 L'Yl1"t1~~fil~Un1~finl-J~1 UJ~l-Jn1tNruLLN~"'L'Yl1nU 

5. fil~un1(;1LU1LnULi!J~\tMln~1fil~Un1j;lfi11l-JI'I1 LL,j"'1ijn11";"'LLtJi'4~~'l'JJ~~fil~Un1~ 

. '"t::LtJ~!JUi'll-J~LtJUi'l::li~UL~!J~ 
,-. 6. il-JtJ1::~'Yltn11'J1!J1!J1K'l"tl~~fil~un1(;1Lu1tJ1::l-J1ru 7x10

6 a~ 14x10
6 r;i~ ~~rl1 -

L'Ji'4L;!Ji'l ~~U~!Jn~1fil~Un1(;1finl-J"'1 
7. l"t~un11J1 LU1ij fil'l1l-J ~1U'Yl1UL ~fl~ L ~m~~ n~1 jil~Un1(;1fi1ffi "'1 

::. J' __ I ~.l' 'I1"'I.,j ~ ... I I ... 

lHU~l-JU~'Yl1~n1!J111~fl1~1 ~II'ILL~"'~ ~'~ ~U(;1111~'Yl 2.3 2.4 LLi'4:: 2.5 ~I'I!Jl-J1"t1f11~1 jil~ 

')1n11U1fil'l1l-JffiU ihi~ruLLN€"'''tI~~I''t~un1~uuUfi11l-JI'I1 1"t'l1l-J~U1LLtiU LLi'4:: ")1n11~",1K'l 

"tlun1",ij~tl~~'m11'1 

(Aerated concrete) 

. L~nU~U"'L~'" L'l~fij~\~"'U~::LY4flfli'4~ 

(Expanded Vermiculite and perlite) 

L~t)n,.,~(parmica) 

~~~ ~LLi'4n (Foam slag) 

... 
fil~un1~ 

(fiLi'4nfl-J~~~nU1I'1nUJ~:) 

400-800 

400-1,120 

720-1,280 

960-1 ,520 

960-1,200 

1,040-1,520 

2,320 

0.3-0.2 

0.11 -0.29 • 

0.14-0.36 

0.22-0.48 

0.33-0.46 

0.35-0.58 

1.20-1 .70 
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... . .,. ' ,0 ........ ....... I .., 

"1~.:I'VI 2.4 A1A'l1l.J~U1LLUUU~~n1tN1tJLLN'tl~"lI'tl-:Jfl'tlt.m1IJlLtJ1"J1U~VI'N1 (AUfiU1 qtJ~Yi~ 

U~~ flN~, 2549) 

~." . 

.. ' " . 
.,j , 

A'tlUmVl ,; ,', 

... , ... ... ' , 

flflUmlJll.J'l~ .. 
1'll.JU1~'I!mtJ1 ~ L~ ~ 

" 

. LYif)il~~ 

LVi fl fUJ fl 

LoW l.J fHL-a n 

. ~UL'VIflf ~~L'l'tlfl~i 

~Lfl~ U'tl"Ji .. 

'. , . fi11l.J"JI1~ 

1'll.JU1~UmtJ1 L~l.J 

~UL'VIflf ~~L'ltlfl~i 

~Lfl~ UfllJl 

... ,...1 
"lI'tl-:Jl.J'l~1'll.J "lI'tl~AflUn11Jl ~m.J1f11nUJtlfl1~ 

(nL~nhJj;Jtl (rit~nfl.Jj;Jtl 28 1'u 

~ntJ1f11nLl.J1Jl1) ~ntJ1f11nLl.J1Jl1) (nL~rifl.Jj;JtlIJl111~ 

64-120 

320-880 

480-960 

640':960 

560~1 ,040 

720-1,040 

1,360-1,600 

480-1,040 

480-880 

48()"960 

640-960 

560-1,040 

1,600 

400-800 

400-1,120 

7.20-1,120 

960-1,520 

'1, '120-1 ,280 

960~1 ,520 

1,040-1,520 

1 ,600-1 ,920 

880-1,200 

1,040-1,600 

1,680-2,080 

1 ,360-1 ,760 

1,360-1,840 

2,240 

LIJIU~Ll.J1JI1) 

14-49 

5-35 

14-49 

14-56 

28-70 

56~84 

21-70 

42-140 

28-70 

105-210 

105-420 

140-420 

140-420 

280 



M1,,~;t 2.5 fi1'!1tl,m1m~i'lultlu~~~1~fufltlUn1j;f~1,...,rnL1J1 (~UfiU1 qtl::'VH~ Ufi:: 

flCU::, 2546) 

.. t ... 
fltlUn1f'1~'lfi1'nJU1~Un L1J1 

... 0-' • 

(Matenal) 
.... 

" 
~I •• 

L~nUYiU&(L~~ L'ltlm~tfilJi" (Expanded Vermiculate) 

Ll'ftl1UJfl' (Permice) 

t~~ ~Ufin (Foam slag) 

;ULYlflf lifiL'ltlflfi' ~Lflfi Utl, (Sintered pulverized fuel ash) 

~UL~i1tl'l 

~l 

. fltll.m1j;f~tl~tl1mfll 

"tlun1f'1f~UN~1L~zt1 (Precast) 

flflUn1f'1f~UN ~~1l1~1U (In-situ) . 

mm~i'lulflU~~ 

(Drying Shrinkage) 

1tltlfi::mm1'1 i'l 

0.013 

0.013 

0.025 

0.025 

0.25-0.35 

0.04-0;10 

0.03-0.07 

0.04-0.07 

0.04-0.07 

0.04-0.08 

0.05 

0.05 

'0.0 

0.5 

0.035 

13 
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2.4 ,f, (mqjqj1 ~h.l"'11.J1:L~ll u~:itl '"I1~min~fl~, 2547) 

~1~lflun11~~lJrlflUn1~~1nil~11u1.Jfln1.J~fllJ L~fl1.Jufl~lJ1nLnU't1.Jfl1'"1rlfli1qj~1 
l' l' ., ., ...... .. ,..I... ... 
11I1U1:tI:L'l~1 un11nfl~'l n11~"'~,)"fl~r1flUm'~ n11lJ1fltlrl11ULn~fl fl'JYI~,)r1flUn1~ u~: 

~~~~t""ri1i~~1~~ ~11u1.J~n1.J~fllJmfhduu~L;jU . 
1. ~11U"'lU~fltJ ~1'WrI'l1il~11U"'lU~flmnU 2000 ~')ului\'1U~'lU LYC11:r1flUn1~ '"I: 

.,~.r :. ..... .,J __ "'1' r.,J ...... 
~"'V1'l L YClJ"UU~:U1~flNfl')'il Ln "'r111U Ln MlYlU1L'l N~'l rtilun 1~ 'J1~1 nU1Y1 ~~lJ-r1flUn1~lJ 

.. .,J" .. 
r1'l1lJ;UlJ1 n r1'l1li~ 1 \\' ~ n ~:nflunflU Y1'"1:u 1U1 UUlJ1 ~~lJ r1flun1~ ~ 11U" 'lU~fltl~'l"'l n 

~1~i1tJ~n'"l:'W~n~:n~uu~:~~~~1~ri'li~~",~~'t~ 
- ... ," r ..J.. !"I" ... " l'" It l' AI 2. ~'l1~:~1tJflUUYltEJ U'lYllJ~'ltfl-uUYltm~nUfltl~'llJ'ltCl~~lJ~~ UrlflUnt~ ~"'fltJ1~ 

1.J~fl",.ntJ tim ~U t "lI L~tllJU~:UfllJ UJ Lilt1lJ;~ l~ l'ivIihr1lJ1NLnU 1 000 ~'lU\ Ut\'1U~'lU li11"" n11 

nfl r;i'l LJ'l~U ri1i-3U~:r1'l1lJYlUYl1U~"'~-3 Ln;flU1-3'11il"'~1lJ11Cl t;' LijU~11~~lJ L ~lJ'tll;i U~ 
flt1'l~hn~1lJm1l;~1LfllJ~~lJ~~lurlflunl~'"I:li1l,rn'l~u1r1flunl~~~n1.J1n .. 

3, ~11~~~1t!~~Y1* ~11~:~1t!t~~11J11;.J~1t;.J'1~ ~'lu;.J1nLi.lu n1"'uYluiln u~: n1'" 

n'lijn ~-3~:li11\\'1.JnmtJ1Lfllil"t)-3~u'UJu~f1tN ~11Lrlilu1-31.J1:L1lYlYhl""'Ln"'~t)-3tl1mrllu 
fIItlun11J1 L'IIU ~~~.,~n11lJn1:"''lM' 

.... 0." ... .....,J • .,1' .,J 
"tl~lJ'l~nlJ'"I-:JlJrI'l1lJ~1r1qj~fl~NJ11YC"fl-:JrlflUm'1J1~'" U~:r1flUm'~V1LL"~~'lUrt'l lJ'l~nlJYI .. 
~~lJ fl1,iL,u Y111t1 nn", V111tJ~,)Ul-J1n'tllurlYl11t1"t1nul.hl1 ~'luih.ltlfltJU''"I1nn1nlfltJi4u 

"u1",1~qj1""'il"u1"'Lfln~~ '"IUL~lJ1:~1~ful.~~lJli1r1flUn1~ J~illJ'l~nlJ'"I1n~~YC~fltJ'tll 
~ -J,"" ... , .,J 0 .r... -J 

'"I1n ~N~1U~~~1~m'1lJ L'II·U ~:nruL~1Clq-3L~~n fl,Stl-fltl ~:lJ'l~1'llJVlYl1'U"LfIl-t;' L'DU lJ'l~ 

.,J. ... .... 
nlJYlVl1'"11n"'UL~utJ'l 

2.6 'I'a·uilB".,.;)n 

"fl-3 LatJYC~'lft~nmfl Un1tV1 "'~fl-3 r1f-3dLiju~~1nYf~1~ ~n ~ Ln "'~U'"I1 n tN-31U1't .. L~~ 
Un'l mlJ'lNL~~tJt)U~: 400-500 nt~nffi~flt)U Y11-:Jb-3-31U"'fl-:JL~tJfhl;"1t11un11ri14'",t"'tI 
mtlJ~n~u ~ Lilum1 'W~lJfi1Y1'N Ll'ltM'l 1'11ftflf 
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2.6.1 'n1l1.;tn (~mUUL'VlflLUL~~'Yi1::'"ttl"lLnfl1'Yi1:::Ufl1L"'Utl, 2544) 

tui1'"t'UU'Yi~1~~mJ1nn~1ftltl~:: 99 ~~~,..1tlri1LillillJ1"l1mm~-31'~'l~U~1,.j~1lJ11Cl 

"'1'VlIiILL'VlUl~ l~LLri LL"'~-31'IJICl~UtJLIJI1L~tllJ L'lIU ~117U~U n1'fi11lJ'II1~ LLU'Yifi1 LL~::'hu~U~-3 . -., 
\l n H' LUU~-3 LL "'~-31 ~'Yi ft~~1ULL~::LL ,..~~1' 1R'l ~ul un 1:::U'lUn')1~ft IR LL "'~-31' 1JI'l ~U;~n~1'l 

"" l' ". I l' ........ .., r ....J" 1'.... I "" .... Utln'"t1n,,:: ~"lILL¥'4,)"'lJliI ~uLL¥'4') n1::U'lUn11~~IJILL~::~~IJIIlCU~'Yi~1~lJIn'Vl ~l1Itl~ntl ~"'Lnlil 

~ ~n1::'VlU (;\tl~1l1'l:::LL 'llilfltllJt)n~'ltl LL"'~'1t) IJI 'l ~U~~1lJ11ClU~ n'Vl"; LL'VlU 1 ,..1l1~~ LUU'Vl1~ L~tln 
" I.J 0 .. .. 0 " • I" " ~ I "" .. '" ..." ..... ~ ~"'lJ'Vlfl1U~Cl~n11U1 ~u ~'IILuULL"'M ~"''Yi~'1-31ULL~:::LL'''~'1'lIR'lIilU ~Un11~~IR'l~~ ~liItJL~'n1::: 

o ... "" " ".... .. ~~ ... I 'I.I".J :, .: 
"l1'Yi'ln'Yi~1~ IRnL 'Yitl~"n11 ~'II'lIJl'lliluu ~1JI1L~tllJLL~:::'Vl1iI LL 'VlUlJltl ~u ~U'Vlq" 'Vl~UUtln"l1n~1lJ11Cl 

".-r "" l' .... ... .l' .... .J "" I .l' LLn u tlj,..1 L1tl~ n11'111 ~ ~~U"'1U'lIR'lIilU LL¥'4'l tl~lI'ltlU nL 'Vl1 L1tl~tI~ n1:::'VlU IRtl~1l1'l:::LL 'l I'I;tfllJ 

~'ltl n11u1LIl fI"'~1~ ~ n~-3 ~fllJl'"t1n1' 1JI'l ~U'Vl1-3t1LIJI1Lflihf'l L~ n iltrlJl11 n11L~ULIR L ~lJ~U 
U1:::lJ1ClJ1tltlfi::: 5 PitlU jiil'lLUUt/1lJ1ClJ 200 fl1UvlU(;\tlU ,..1tljiil'lLUutfflJ1ClJn11U1Lnfl'llfl-3 

U1:::"II1n1~-3i1-3 80-1 00 nL~nflJlJitlflU(;\flU LLlJifl'l1lJ~1lJ11Cltun11U1'11!J='Yifi1~~n"'~ULiltlU 

nftulJ1H'u1::Ltl"llu1"'1l6'1fl~lu1::~u~1LY1mftltl~::: 30 LliltJL~'Yi1:::U1:::L'Vlfllt'Vltl~ij'lltl:::'Yifi1~~n 

~lJInA'1~'tl~tU~~LL'l"~tllJ,f'lU1::L'Vlfll'W~1n~1 2.2 ~1U~U(;\tlU 

2.6.2 tJr.:Lll""'8~'n1l1.;tn 

n1~1LLunU1:::LIl'Vl'llf)-3'Yi~1~~nIR1lJflm!ClJ:::LL~:::~lJU~'llfI-3'Yif)flUJf)f LLtl-31~LUU 2 

U1:::LIl'Vl ~tl L'Vltl1UJ'n~1~~n LL~::: L'Vltl1UJL;1JI 

-L 'VltlfUJ'Yi~1~ ~n1'~ ~U1:::LIl'Vl;1~'lU t ,..qj17n 1~'"t1nu~nw1 LLfl",~fU'Yif)fl UJfl l1L"ifu 

.." I ~ I ..: " "1'''''' 1'~ l'''' ..... .... l! 'Yifi1~lJIn ~unqlJU'"t:::flflUUlJ'"tU~"'fi ~",UJfl ~",.tJfI'l1lJ.flUL'Yitl~'Yifl LL~:::UJflLtlUM'"t:::n~tJLL"lI'IM 

zUL"1IUL~lJ '"t:::LuuL"1Iu;1L~lJfl tll~1"l:::Yi1~flf-3nIJl1lJ t~LLri 'YiflflLfll1flU 'ntlftL'Yi1t'YiflU 'Yif)ftbil~ 
fl~tl'l1'" 'Yitlft~hi1U Ll'ltlflCU~lJU~LL~:::vl'ltlri1-3~ftlJ1nClJ.,r ~ULL~"-31UIJI111-3~ 2.6 LL~::: 2.7 . . . .. ~ . . . . ." . .. ... . . .. 

o -.., 

1J11lJS1i'1U 

-L'Vlfl1UJ L; IJI LtJu.r~'J~1A''"t'mu!imu1 fltlULI'IUL,fU'Yiflfl UJfl L1L ,fu 'Yis'~~n 
.: I ..: " " l' "" "1'''' l' Qj ,,::. "".. .... .. U1::LIl'VlU'"t:::flflUUlJ"lU ~,..~ ~",UJfl ~",1Ufl'l1lJ.flULYltl'l'nfl ~UflNLL1n - LL~::UJflLtlU~'I'"t::n~ULL'II~ 

., ., 
fiN1U LLIJi"l:::Yi1 'l~ L Y4tl'l flf-3 L;itl'l tll ~1lJ11ClYi1 tA,"~1tl flf'l L ,..i"jflUriUt) ~"L 'VlflnlJ'Yi~1~ ~ n 

Of • 

~ ~ ., 
rA''lflri1~'IIfl'l'Yi~1~~nU1:::LIl'Vlil t~LLri Lunn11~1Ji" LlJ~1i1U FJL1tJ~flflJ1~;itll"'~flLflU ~'1i1 
.., I .... _ " " ....... r" ...J 
lJI'lfltJ1'1flClJ~lJUIR LL~:::'lfin11 ~'II'11U~~IRIlCU"rl LUIJI111'1'Vl 2.8 



(Polyethylene) 

L~flL~mflU 

(Polypropylene) 

(Polyvinylchloride) 

(Polystyrene) 

(Polymethyl 

methacrylate) 

t~flLtlUJC;\ 

(Polyamide) 

iI ... It II. 
- L U~tltJl(;t'D1I'I LIM'1tJ 

- tit'l~'J't~JJ1n ~n'D1I1'1tJ1n 

- fitlm11 

- 'YIU~tlm11t'1;t'I't~ 
.. .... CI • 

- tJ(;t~1JU'" LL'D-3LLnN 

- 'l'D2!u1JJe.hu'l~ 

LtJUtlU(;l11tJ~tl1::UU,r'l h 

- a-3~ntl,.n UJLm::~(;t 

16 

- Q.:J~~1~~fl~t:lnbjLVlmJ 

- 111'11U::U1~~tl.:J t~ Ufllll L1tlU 

. .... .. 
- Lflffi-3JJtlLL~'YItJ 

II 

- Q-3U,.~tl1~1"ffiU .. 
- ~1tJ't~.yhLflLijfi 

• 0' 
- 'YItlU1 

- ~U-3LYifJJJ 
..t 

- m::LUtl-3fJ1-3 
"i ., 

-'YIU~tlmll'l!;i'1-3LL~::'Il12!uLflffi-3LL~::'t'D2!u - 'D1)"U12!U~'1I 

- L~JJLL'i.:J 
., 

- vhtlBrn-tJ1nu'Il'12!uLUU;U - LJI::LntJU LLtJ~~~U 

- Ltl1.:Jl~ 

- ij'lLL;.:J UJ'YIUmll'l!;i1,mri .. ....,,, 
- L~UfJ'JLL~::'DtJ'1tJ(;l'l LII'IJJ1n - L~tl-3 L1tlULLU1-3 

- 'W'YIumIl'lLL~::j;h-3LLri -lU~II'I~JJ 

- 'YIulJitlm"L~tJll'li - L;tln LtlU 
II 

- 'YIulJitlfl'J1JJ1tlU IOII'I~JJ'Il1 't~~ -lItlU~~'1~~ri 

(Polyoxymethylene) - UJ'YIU~tlt'D2!u 

- LL;-3~~lI'Iluunll'l'1~fi1~~nLtJ1-31~ -LfllJt~~'1fi'1~N:: 

(Polycarbonate) - 'YIuJJitl~N~1J~ LL~:: n111'1!;i'1-3 -LL~UnULLII'I'" L~UtC'L"~-3t;/'lvh~'1 
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s-
~fl~~~ fiI'l1~ ~fltl~: 1'l'l1l-J ~N .. 

~1U"'1ULLN 
... 

tI~~~u 
, 

M:~."n"fl m~tI'" ~U1~UU 

... ., 
(tlflU",r;ifl (n1l-JPifl ~.:J m "lIfl~ 

"lIil~ tY4; Ll-Jflf .. 
(tlflU",(J\fl Vl1rl~il'l) 

.. 
(viV!. tlftU'" . ~m.J1fJin .. 

Vl1rl.:J-U'l) L"lIU~Ll-JVl1) 
, 

[JIfl .. 
Vl1rl~ill)) 

tY4;Lfl~~u(Polyethylene) 
I , 0 

3,000 800 40,000 0.92 9.0 1'l'l1l-J~U1 LL UUVl1 

1'l'l1l-J~U1LL UU~.:J 5,000 130 180,000 0.96 4.0 

LY4;LY4m~~ 6,000 700 220,000 0.90 1.0 

(Polypropylene) 

LY4~bil~l'l~flL1'" 9,000 100 600,000 1.40 2.0 

(Polyvinylchioride) 

tY4;~L(;iru (Polystyrene) 8,000 60 450,000 1.06 0.4 

L Y4fl Ll-J~~ Ll-J"'11'l1L~ VI 12,000 5 450,000 1.22 0.5 

(Polymethylmethacrylate) 

t"'~Lfl'UJ", (Polyamide) 12,000 300 5UO,000 1.14 2.1 

L Y4~flfl n~ Ll-J~~U 12,000 75 520,000 1.42 2.3 

(Polyoxymethylene) 

tY4fll'l1ftlflLUVI 11,000 130 400,000 1.20 16.0 

(Polycarbonate) 



"1'1'HI;1 2.8 FJUJ~,.nJ~LLfl:;n11L-n~1Ull~~Yi~1~~mJ1:;LJl"'L."t)fuJLIJI[;1~~LL~fl:;"lIil~ 
(~Cl1UUL"'f"lLUL~UYi1:;"~).JLn~1Yi1:;Uf"l1L~il~, 2544) 

'lIU@lYC~"l~~n "rutUJtJ~ • ~,)flrJ1~tJa~.nru" 

" '1. " - 1l~~L-ntU,j'1U tl'ltl "lI1).J ...i oW .. ...i1 .. - "'Uf"I'l1).J1't)U ~~~ 
L).Jfl1).JU 't)1).J1~ !l~ ... 

-D"flU u~~~1Jnn1J1~rh 
I I 

- ",u(;l~n1nPl"'n~ 
(Melamineformadehyde) 

- LL;;~LLNLlfi:;Yl\JYl1\l~1n - tJ~~.nru,,1~Ltiflfflfi1~ 

€ULLIJI"'"(]L't)~ LYi~L't)~L[;1~f 
... .-. .... ~ .Q I 

- L~UtI'l - tJfl[;111UJerJYi~1~[;1n~'t) 

18 

(Unsaturated Polyester) - Ltl1~L~ - ~£f).J'htlpJ ~£f).J1l1YitlUVlf 

-1l'l~tJ1~1l~~L~~'l 

....... ~u .... il o~ 
2.7 'lII1'UUIYlLlJU'J"CllJt\J Un1'Yl1 .. • ," .. 

L il~~"1 n1l~1 mrU~'lULIR).J1t1 "''ltl ~ ~1~ 1 ~~ f"ltl1:;n~tJllt)~ ~'I!utl1:;nt)tJ '1.tI~'ltl ~11Lf');j 

IJIil~~1~1 ).J1n).J1t1 ~~tl11~ftJLum).J1UJ~).J1mnu1t1 ii,,:;rl't)L~Ln~€uVl11t1~~qll111Yi n11 .. 
tlfl U~~1 uL un 'I:;U 'l U n 1 'I ~ a '" ~'I! U ~ tlfl u~ ~ 1).J 11tl tlfl u~~ 1U '1.~fJ ri 1~tI~~ (;1Iii'tl1~ tl1 

., I 

~tln~~1u'I!utln~ Vl1).J ri1 LL U:;U1 ~1Uf"I'l1).JtI flt)~.ti tiL un11t1lju~~1uLn tI'l ntJ~~ri1-3 

Lf"l1-3f')f~ 
.... .,J PI ... ... . 

~11Lf')):J"'LuU'lVltl~tJ (Raw matenals) • 
n. u'l~~ ~ffi Nf')')VltJ ~1t) ~11L~ (Pigments) 

,J .,J 0 'I"'" ~ 'I ... <If ~ PI ",_.s.,., ...... '''' " •. 1 • .1..... 
tt'lU.".,,1 L~Ln~~ LL~:; LUtJ1~m'UJL).J"'~Ll.JU[;1'ru~-3nUn11Ln~~u).J L"JIU .1JI-3f')l1~~Ll1VlIJI~f') 

.. I 

Lf"l1Lijtl).J tl1~'" ;j';-3YiLi·h.l~H~ Ln~~ 

11. ~'ll'i1fl:;fl1t1 (Solvent) 

L-nLtlu~'ll'i1fl:;~1t1~'lutl1:;n~tJ~u 1 "Ji'ltlL~LL~-3L1'lLLfl:;~tltJ L~tI..r'l1t1IA''lYi1~:;~1t1 .. .. .. 
tI 

"0.,0 0., ~ ... tI"'" ..... ~ ... ., ..... 
,,:; 1:;n~tJ~'ltlU1 ~'lU1U).J U1).JU~U L"'t'l~U LLU .,,1 LlJlflU L~~LVI~1 f"I LVlU ~ffi Lnflf')~~tlL."tl1 

Lf.l"'1U~~ d~u~u 

f'). L~U ( Resin) 

~1~l'i1~,j1~LtlUL~U ~1~~,)UL;l~~ ;j~~~f.l~LupJllf.l-3L~~'l ll'MLL;;~ ~1~ ~11fl:;~1tJ 
L~f.I'J1'ltIL~).JfI'l1).JL1f.1Ullf.l-3~LUn11Ln1:;~",~uehLLfl:;l'i1L~~~"'U"'1U L'JIU LL~~flUL~U LYi~~-
1L"'UL~U f)Yif.ln;L~U 

I ... ,... ... 
~. ~11LVI).JLLVl~ ~1tl ~11LYi).Jf')Wfl1Yi ( Additive) • 



., 
~Jl1'r4t11mf1 ~1!/llJmni1fl'l1l-1~:;t11Ci1 Ut1-3rilJm1LnCilL;'tl11 .yh"~UJLijlJ~'iI-3 LL~:;U'tl~nU 

m1\lCil''fI-3~ 

~. ~1T2l'fiUU(;lf (Intermediate ,"1'f1 Solution) 

d:lUft11~:;~1!J~L(;i1m.J~lJL'fI-3~1n1'lJl'l~U~"fl.umTtJ~lJlJl1tl"ULN-31lJ 

2.8 t~,..~,..,rn (Lnfll~'1l'1~~1, 2537) . '" 

19 

L~,":;,"Un ,"l-I1!J~-3 L~,":;~;j FI'l1l-1,"U1 LLUlJlJ1 n n~1 5 nfl-l (J\'fI~ nU1 Plf1L ~lJ~ Ll-IlJl1 LL~:;;j 

L~''fI~T::,"~,)~ 23-92 Jl')tl"Ufl,)U~ 4-7 tCiltl~m~tru::-i'lltl''fI-3L~,"::,"un''::Luu''fI-1LL4-3~ 
~ru'"JJijtln~ !JmrYu tlffiYl ~-3L~,":;,",rn~'lu"'"'ki;j~ru~l-IU;fl~1tlrilJ l~LLri mTu')1~~1LL~:; 

"'1.1'...... ... " 'I"'" ... ...PI, 'I"-J .-
fl'l1l-1T'fIU ~,"CiI l-I fl'l1l-1l-1U'l1'l~:;Yl'flULL~~ ~CiICiI LL~:;L,"Utl'l~1lJ1TCllJlLuULLtJlJ ~CiI ~'lUfJru~l-IU(;lYl1~ 

... .,jo.., ..... ....Y. 'I" ,.. ....J 
Lfll-l'YI~1I'lCV f'l'fl lJL~'tlf.ln~LCiI"DU (Oxidation number) ~CiI,"~1Uf'l1 "-3~1l-111Cl1'll-lnU~11'f1lJ' 

PI • I .. " 'I " • 1...1... '... ... ... LuUft1Tu1:;n'flUL"1i~"1itllJ (Complex compound) ~CiI,"~1UluYlL~Clm'm1 L~'VI:;tl~1:; LCilm~'Yi1:; 

'tlth-3~-3u1'f1 L~,":;,"Un1'll-l~'lriu~11~UYlffi (Organ metallic compound) ~-3ft1l-111Clti1tlYl'flCil~ 
~~SjillJlLCilU~1lJltl(;l1lJ~'l-3L"lI'fI1,"11 uj'flilt~,":;L,"~hdLLl'Iim:;~1tl'fl~"lJ~~LL'lCil~tll-l LCiltl 

.,J:." ... ~ ... .J "-J' .. ulJLtJ'fIlJ lJCilU lJ1 tl1n1f1 LL~:;tJ~tJ~(;IYl1-3m1Lm~lJl1 "1i-3~:;ft1l-111m'1\'111-3mmJ~m.JLL~:; 

~~SjillJll~ LL~:;Sj tJ~ r;itl n11Ll-1 j;nU'fI~;jlJ'tl~ L "1i~;,tl-3~-3;jillJl~~'fI1~.yh" 'IX Ln CiI fl'l 1 l-IY4 n11LL~:; 

L~tlil(;l1.~ 

~ ..... ..., .... .., 
2.9 n11t'1n1!t1!1Ln!l~'!I'8~n\Jn1'l~~!1 

n'w~m~n~~fl'fllJn'1VlLU1 ~l-Il-I1nn~1 50 tI"lJtJi1~tl1:;LYlfll ~~~'llJ"'"'ki"lJ1:;U:;LL1n~:; 
LUUFltlUn'1(;1Lu1tl1:;LJlYl 1'~~l-I'l~ 1'llJ LU1 ~1l-111Clu11tl" fI. u·nuritl~11~i'lltl L "lIU,"~'fI LUUntlU 

.,j...l " ..." '1.1' " 'PI....r... PI" 
~L'"~tll-l~1,"1UU1 Lunt1n1LL'Yi-3 n11'V1~tlLulJtJU-3 l'IU,"~-3fl1 LuUlJlU 

Ul1~ ~l'IU1tlfi1 LL~:;flru:; (2550) fltlUn'1lJlLU1LLUUL"1i~~~1LUUflt1Un1(;1~il~'lutJ~l-I 
•• 1 .. ... ... ... •• 1 .,j ...., ~ ".t ... 

"IItl-3n'fl-3tl1n1 fII~-3 LnCil~1n n11~(;ll-l ~ l1l-1 L ,"~'lYln 1:;~1!J (;I 'ltl !J 1-3 ~l-I1 L~l-I'fI UL Utl FltllJn11J1 LL 'YIUn11 

t .jf~U,"1'f1l-J1)~1'll-l,"!J1U LCiltl fl ruftl-lUii~Ul1U't1-1 fl 'flU n'1(;1 LU1 LLUU L"1i ~~~1" :;Ltl~tllJLLtl~-31tl 
, , .. _ ~ •• 1 .,j"'!J 1. I .} 0 

(;I1l-1 Fl1 fl'l1l-1,"lJ1 LL lJU,"ffiu1l-11 rul1tl-3tl1 n1 fIIYl L(;Il-I L'1 u UYl fl'l1l-1UlJ1 L~Utl tJfl n1 1'Y1 (';lfttlU," 1 

fhfi1~~ftJLLNt1(;1''fI-3fl'flUn1lJlLU1LLtJtJL~~~~1~fi)1fl'l1l-1,"lJ1LLUlJLtltlm'Vhnu 800 ~~ 1,800 

ntflnfl-lr;i'fl~nU1f1nLl-l(;l1 L(;Itlt.jft1(;111~'lU~1r;itl'ilLlJlJIJi'L'VhritJ 0040 0045 LL~:; 0.50 LL~:; 
tiIJl11~'lU'YI11ur;i'fl;Ll-IlJ~L'Vhnu 1:1 U~:; 2:1 Yhn11'Y1Ci1~'fIU,"1,.hri1~-3fULLNtiCil''fI~LL'V1-3 

lA''ltlth~ltl'YINn1:;Utln "IIlJ1"'L~U~1U,!!Utln~1~ 15 L"1iU~Ll-IlJl1 ~~ 30 L'lIU~Ll-IIJI1 ~tl1'J 28 tj'u 
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~~n11Yl£'l~'tl1JYi1J~1f')'tlun1V1L1J1LL1J1JL'lI~t1fhiifii1ri1i~ruLLNt1£'11:;~~1~ 15 n~ 230 iiL~nf).J~'tl 

V1111~L'IU~UJV11 LL~:;~~~mnn~n11'tl'tlmL1J1Jt1V111~,)U~~).J n1~L~i1tJ).JL"'i1'tl~ij'tlLL~:;1'~~ LL~:; 
n1:;1J,)Un11~~[;1f')'tlUn'i[;1L1J1LL1J1JL'lI~t1fi1~'ltJ~1-i1L~).JL~~'lf')~pJ n1~'tl'tlnLL1J1Jt1V111~'lU~~).J 

Lmri1~U", ... hf'),)1).J~U1LLtiU~~'tl~n11[;11).J1'~Qlh:;~~"''lI'tl~n11U1f')'f)un1j;JL1J1hJL-t'~1U m1 

......... .. ..J ........J" O"\"1k ... 
L1J11tl).J Lf')1'tl~).J'tl LL~:;'l~ £'I 'VI m).J1 :;~).J LL~:;n 11).J') fin 11~ ~).J'VI C1 n j;l'tl~"'I :;'VI1 ~ ~ ~PI f')'tlun 1~ L1J'l LL1J1J . ~ 

, ..J.... .: Ilk 
L 'lI~~ ~1'V1).J f'),)'l).J~).J'l L~).J'tl LL~:; ~PI fJCUfl1Yi 

., 
1J,)1 ~fll:1~Q1 ru 'tl!JfitJ'lLL~:; f')ru:; (2550) ~1u~4'tJlll~~n~n11n11L-t'LYi'tlfl~i'LUn11 

~flVlf')'tlun1VlL1J1'tl1JL'tl~1 (Autoclave aerated concrete: Me) L~'tlLL"'U~'Yl~1tl ~~LYi'tlfl~tJlil 
., 

'tl~ "'1.l1=n'tlU'Yl1~Lf')iju1=n'tl1J~')tJ~~n1 LL~='tl~ijU 'l Ltlu~i n il'tl~1 f')"llU'l '" Lff mj1~un L1J1 t£'ltJ 

n11L1.'VlU~'Vl11tl1ut1V11T~'lU1fltl~:: 0, 5, 10, 15, 20 LL~:: 30 LUn11~n~f')f~~Yi1J~1 fhri1fl-3 

fuLLNt1"'LL~:;,.hri'li~f1JLLN~£'I "'I::Ll.U1~n~Un1Jm).J'lru'll'tl-3LYi'tlfl~j;f LL~:;1~~n~n11U'lVl1 
., , 

.,j1tlLtJ LLn'l).J11-t'i')).J n1Jn11~~ VI f')'tlun'1V1 L1J1'tl1JL'tlU1 L ~'tl L~1-).J n11fu LLN LL 'VlUlJ1:;LLn N~'l £'I 

L~~nnt\'1L~'tl).J~£'IL~1).Jf')'tlun'1j;l LYi11:;Li~u1'~~~ilFJru~).J~LUn11tl£'l~~U~~ ~1~Um1J1 LU 
., ., .J 

n11~n~f')f~ilYi1J~1~1LL~ti-3'l1'tl~V11'htJ1tJLLn')."il1:;tl:;,.h-3"'11n~'l~U1'l1'tl-3f')'tlUn1lJ1LL~nr;i1~nu 

il~~Vi1L~ ... hri1i-3f1JLLNiA"£'I LLV1n~h~nu 1U'lIru:;L~tJ'lnU~'lLL~ti~'lItl~V11,htJLtJLLn'lniuUJij~~ 
I " , 0 ..,., ... 

V1'tl f')1 n 1 ~-3 ru LLN'tl '" 

Bederina LL~::f')ru::(2007)1~Vi1n11'Vl£'l~tl1Jn11U1f')'l1).J~'tlU"ll'tl-3f')'tlUn1V1t"'tJl~~~).J 
.... ..." " ~ • I ' 'I. I ~ " .. , .:" ".:.. ....:.. .: ... 
'l~ ~L~~'tl ~'lI LL~:; 'D'tl-3L~Uu1:;LJl'VlVl1~1 ~-3 ~u ~"'tJ ~U[;1,)'tltJ'l~U ~'D'DL~'tltJ'lI-3'l1L~'tltlU ).Jf'),)1).J 

~U1 LL tiUU1:;).J1 ru 100 ntfl nf).J vI'tl~n1J1 I'fm).J V11 LL~:;1-ilLu1LLn~).JVi1U1tl n11U1 f')'l1).J1flU'lI'tl-3 

f') 'tlun'1lJ1 LI.~::1A'~~n11Yl"'~'tl-3i~~ n11L~).J~L~'tltl~-31uf')'tlun1lJ1~1).J11C1~£'If'),)1).J~U1LLtiU'lI'tl-3 
., ., 

~'l'tltl1-3~-31~ li-3ilU-3~ ",n11U1 f')'l1).J1'tlU'lI'tl-3 ~'l'tltl1~ f')tlun1~~~ ~'ltl t£'ltln11'Vl £'I~'tl-3~1).J11C1 

U1 LUU1:;~ n vi!.-l LiJU1'~ ~ritl~U-3 1~ 

Demirboga (2007) LII~n~1ii-3ri1i-3f1JLLNt1'" LLfl::n11U1f')'l1).J1'tlU t"'tJL-lLLi1J1~ 

U1:;LJl'VlLtlU1'~~~~).J L"IIU ;~n1~).J Lli1~'tltJ LL~:; Lti'l'Dtl-3LIJI1~~'tl).J t£'ltJ"'I1nn11"'£'I~'tl-3Yi1J~1 

uj'tl~~).J'lI'tl~L~m;h LULLt\''l Yi1J~1f')'l1).J~U1LLtiuilLL U'l t U).J~"'~-3 t"'tJri1i-3f1JLLNt1£'1~~~~t1 '" ~'tl 
...,.J.l' " ~.... <;5 ... 
UJtlLl.'VlU'VlL"1'l1'tl-3LIJI1~~'tl).J1'tltl~:; 15 ~"'tJ).J'l~f')'tlUn1[;1 Batayneh LL~:;f')ru:; (2007) I'In~C1-3 

~fin11ri1"'£'11'~~ L~fltl~-3"'11nn11itlVi'l~1tJYi'ln f')tlUn1lJ1 LLn'l LL~ :;Yi~1~ ~n L uLmfi~ ritl~l1-3 
L~tlVi'ln11tHnE).J1ru'll'tl-3 L~tJ'Dil", 1£ii1'Dil",~rl-3 t£'ltJ-31U~"'tJnU'l1'~ ~ L ~fl'tl~~ LL 'VlU~1'~ f;J 1 U 

fltl'l.In'iVlUtl fIJI LLfiUM L).Ju'*' '(£'ItJ L"'~ ~ ",~U1).J1;q nt11,ru 1;; ~hun 1:;U'lUn 'l1U1 niU).J11-rt ~~ • 
t£'ltJ U1:;nfl1J~'ltJ LLn') Yi~'l~~n LL~:;'111nf')flUn11J1 ~~n1:;1J'lUn11U1ni1J).J11-nt~ti,rUL~ 

L~mLL~"II'ltJ'tl~fmffin).J'lI1~ LL~U-3"11')tl~",m).J1ru'lltl~'lItJ::~Ik'tl~U1Luri14'''' LU~1U~"'tJ~1;LLn') 
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,,::' J .. " ,... , ~ 
lJ1LL~/n..l'U LLl1'Ul1tl~1fltl~:: 20 '1lfl~lJ'J~1(nJ~tl1tJ Lc;!tl~~n11'VlC;!~fl~~ltl'J1'J~"lm~1'U~1lJ'11tl 

LL'Vl'U~~~l'Uf')fl'Un1(;Jl~ tc;!tl'Wy'h'~ri1i~roLLN~{;lLL~::LLN~C;!LtI~tl'Ulti 
o ... ., ~ ...1'1 ,,~ ... ...I 'I ... 

Ismail LL~::AL -Hashmi (2007) l11m1'J"m ~c;!tl'Vl ~"lI'1lfl~L\'itl~~1~(;lnLLl1'U"'~~ ~'Uf')fl'Un11J1 

J tI ~.... ...I l' .....,J" ., 
L~fl~1 1::~"'fiI11~'!Ifl~m1LL'Vl'U"''Vl11tlPl'Jtl~~1f1(;Jn ""flf.J~:: 1 0 15LL~~ 20 LL~~~~lJntJ 

All ::. O..J,," :. 
flfl'Um'(;l m1'Vl{;l~fl~"'~~lJ(;l"'1"'~CU~lJlJ~fl~ Ll1!tln11'Vll1!~fl~l1~~lJl1!tl1:::nfltJ~'Jtl m1'Vll1!flfltJ 

m~tJ~'J fl'J1lJ~'U1LLtl'ULLtJtJLtlf.Jn fl'J1lJ~'U1LLtl'ULL~~ ri1i~ftJLLN~I'I LL~~ ri1i~ftJLLN~"'LL~::: 

Lri~~'J L{;lU';-L'l~1''Um1UlJflfl'Un1(;J~ 3, 7, 14 LL~:: 281''U L~fll-Dl'Um1"'{;l~fltJd L{;ltl~~m1 
"'{;l~fl~~1~~1~ ~n~1lJ11tl LL "''U~M 1 'Uflfl'Un1(;l LL~::: ~1lJ11tl';-LiI'U1'~ "l ~~lJ L ~fl~ (;l tlf'U'VJ'U' 'U 1 u 

~1urifl~11~1~ 

Unal LL~:: flCU~ (2007) 1~m~na~m1LtI'U~'U'J'Un'Ufl'J1lJ1fl'U'1lfl~ flfl'Un11'1LtJ1ri1i~ 
, ~ 

cii1 L{;ltl'l.'Um1l1"'~fltJl~;-t1(;l(;ll1u1fJifl1'~",tl1::~1'UL~hntJ 0.151~fl'J1lJ~'U1LLti'U1::~~1~ 900 • 
Cl~ 1,190 iit~nflJfJifl\1ntJ1"'nLlJ(;l1 ri1i~ftJLLNt1""~~~1~ 25 Cl~ 80 iit~nflJfJifll'l111~ 

L"lIU~LlJ(;J1 ~L'J~1UlJ 7 Cl~ 561''U L"'U~~'1lfl~m1U1fl'J1lJffi'U~ijrh~~~"'~fl ilri11~~~1~ 0.23 • 
1'(;lpf/UJ(;J1/fl~f'l1Lfl~~'U 

!"I ':! J " "."1 " ... Byung LL~:::flCU::: (2008) Lu'Um1",m~t1'Vl(;Jfl.:Jn11LLnuCY~11'11'U'1lU:::~~1~(;ln LL~::Lf'I~ 

flfl 'Un1(;l L(;lU~~1~~n~'I.;-LtI'U1.b:::LJl",L~~Lfl~L(;lflf (Polyester) LL~:: lJ'J~1'llJ~~h'Un11U1 

nitJlJ1'-Dl~lJ (recycled concrete aggregates) L(;ltll'ULL~ri1i~LL~::n11'Vl'Uvifln11ann1fl'Um'C;! 
~ 'I tI...I ,... .J ... .,J, 0 

LL~~ LtJ~ ~I'IU ~'Un11"'l9I~fl~ ~::L ~tl'Ufl1fl(;J'1~'J'U "IIfl~lJ'l~1'llJ~U1tJLL~::~::Lfltlc;!'Vl~1'Um1'U1 

nitJ~J1 'I. -D'I. ~lJ Lmf.JtJL V1t1tJntJ lJ'l~1'llJ~U1tJLL~~tln~ LI'IU ~ ~ n11l1 19I~fl~LL~l9I~' ~Li~'U~1 ri1 

ri1 i~ nl1~t1IJ111~'J'U1::~~1~f')'J1lJLA''UntJfl'J1lJLf')TU'" LL~:: n11."ufJiflm1ann1fl'U'1lfl~n1l91 

~'ULL "'tJ~::llJ il fl'l1lJ LL(;J n vi1~1~~~1.:J lJ'l ~ 1'llJ~U1 nitJlJ 1l-D'l. ~lJ LL~::lJ'l~ 1'llJ LLtJtJtI n ~ L~ f.J 

l' 'I ., ,..J'I.lf ..J 0 ., 'I !:"I , ::'...1 ,~, '11' 
tlnL'J'U ~'U(;l'lflf.J1~'Vl ~lIlJ'J~1,)lJ"''U1n~tJlJ1 ~"II ~~lJ"'~~lJ'" 'Vl~~n11l1'U(;lflm1\'inn1fl'U'1lfl~m'1'I ~PI 

Payakapo P. LL~~ Payakapo M. (2008)l~~1n11~m~nLc;!u'I.;-~~1~~ntl1~LJl'VlLl1flf

'LlJL1(;J~~ LL'Vl'U~~~ 'I.'Ufl'tl'UnT(;lLtJ1 L"'UflflunT(;lLtJ1n1lJl~u1 'ltil-D'l.'U~'l'U'1lfl~~1'U LflN~11~ L"'U 

"J .I'1..lf'" .. :: ... 'I."J ... ... " ... 'I "!"I 'I."J ~ J 
~'J'U~~lJ'" lIflfl ~~1~(;In ."l1tl 'U1 "JI~ ~~~fl~lJL'UtllJLL~~Lm~n ~'U"JI Lu'Ufl11 ~L~lJ "JI~~~n11 ., 

l1l91~fl.:JflflnlJ1~fl ijri1ri1fl~ftJLLNt1l91 4.14 LlJnn::tl1f1fl1~ LL~~ fl'l1lJ~'U1uti'UU~~ 1,395 

nL~ nhJr;ifl\1ntJ1f'1nUJ(;J1 L"'Uri1lJ1(;l:l1U;1~1UlJ1(;l1l1'U'1lfl.:J ASTM C129 Type II 

Yesilata U~::f'lCU:: (2009) ~1n11~nt;1a.:Jf')'l1lJLiJ'Ult11KL'Un11'1.;'1lfl~L~tltl1~Ul"''1l,)'" 

L~iht)Yi~'U U~~ Lf'I".tl1~lJ1~fllJ~~'I.'Uflfl'Un11J1 U1lJ'1"''''flt)tJn11LiI'U~'U'J'Un'Ufl'l1lJ1fl'U L"'tl~1 
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n11l'1~~tNt~lItl-1L~t1 5 n11l'1~~tl-1 L~t1t~lItl-1L~t1tJ1::L11l'1 t11~ 1 n11l'1(;'t~tl-1 t~"JItl-1L~t1 
_ I ~ ... ........ .J .... _I ' IV "' I ... ..j'l ".!"I '" 
u1::Lfll'lll,)~ ~~~Ltll'l~Ul'IlJt ul'lN[;]1-11 nu 3 n11l'1 ~~tl-1 LL~::(;l')tltl1-1F1tlUn1(;ll'l ~'1IuU[;],) FI,)1JfoJlJ 

1 n11l'1 Vl~tl-1 tJ ~ n1 1l'I Vl~tl..:J LL~ Vl..:J ttl L ~U~111tl..:J L~t1tJ1::Lfll'ltl1-1 LL~ ::"JItl..:J L~t1tJ1::Lfll'lll,) Vl L ~~ L tlYi 

"" ..j 'I "" ..: '-'1 .!"I ... ".J .... .t '11:' • I 
~Ul'ItJ~lJ~..:J ~UFltlUn1(;l ~1lJ11m~lJ fiJCU~lJ1J1JI ~ Un11LuU'ilu')unUFl,)1lJffiUl'l~lIU ~'" u1::lJ1CU 

ffitl~:: 1 0.52 ~..:J 18.16 

~1U,;)4't1~L~t1');tl~vr..:J"'lJ(;'t LL~~..:JttlL~U~1 i1n11l'1Vl~tl..:J14't1 L~tlt;lItl..:JL~mA1~1 L'1IU LL1 

," "" -::I .1 ... .J 'I .. 'Ill 
fi1j;jVl1..:J1 LLn'l Lfil1;1Itl..:JFltlUn1(;l LL~::lItl~L\'itlu1::Lfll'l~~1~Vln ~1lJ11mLl'IUl'l~..:J ~Ul'l11m~tl ~11 

'I 0'" ... ,~ .J 'I 'I ". I':!: ' ... 
~Un11l'11F1tlUn1(;l LL~::FltlUn1[;]L1J1LL1J1J(;l1..:J1 ~~t1~'llJ'l1t1LLl'IUl'l~..:J ~Ul'I1'lti ~~u1)J'lCU(;l1..:J1 nu 

L'lIU ,..1nLL l'IU~l'f~1~ ~ntJ1::L11l'1 L ~~ Ltl~ LlJltlfLVltl~1J~1~1lJ11t1 LL l'IU~'llltJ1::lJ1 CU1tltl~:: 20 

~ .....j ... _I ~.........,... ... .1 ~ ... 'I 
~~t1lJ,)~lItl..:Jl'I1'lti ,..1tl LLl'IUl'I~~'l~(;Jnu1::L1ll'l ~~~Ltll'll'lm..l 1,)lJn1J~~'1~(;lnu1::L1ll'l ~~~~ ~(;l 

... ..j'l ". I " .. ~ .. d 'Ill ~ _ I .. ..j 
~ULLl'IUl'I ~(;'tu1::lJ1CUffitl~:: 10 t1..:J 15 ~(;'ttllJ')~lItl..:Jl'I1'ltl,..ffi LlJtl ~lI"J1tl..:JL\'itlu1::L11l'1tlU1LLl'IUl'l 

..j 'I" .J 'I.!"''' 'i' 
~::~'llJ'l1t1LLl'IUl'll'll1t1 ~VllJ'lnl'lqVl ~LnUffitl~:: 50 ~~t1lJ,)~lItl..:Jl'Il1t1 

~..:J,rU~..:Ji1 FI,)'llJ Li'lU'ltJ'l~~~::lItl..:J L~t1tJ1::LJll'l'il~'ln~~'l~ ~mL l'IU~ ~..:Jt UlJ')tU,)lJ 

tlti'l..:Jhn(;J'llJn11LLl'IU~~')t1nl..:JL~t1~1..:J1 tl1"li1tJ~Yi'lt,xn'li..:JruLLNtlVl~'l~..:J futl~li1Jim;cu:: 
-::I ..j..J '_I ,.... -::1'_1 

lItl..:JL\'itll'l~~lJ L1IU FI,)'llJ"'U'lLLUU "JIU'lli'llul'lN LL~::FI,)1lJm..:J~1L~1:: '1I..:JlItl..:JL\'itlLL(;l~::u1::L1ll'l 
, 0-

"l::i1i m~tCU::L 'ilY4'l::~,) ~1..:J liu 1tJ Lli'ltl n 1 i~f1J LLNtlli'lYi ~ 1i'I~..:J UULi'lUL Y411::lItl..:J L~t1 Li'lu~')i ~',)1..:J 
, Sf If I I 

n11LnVltJ~mtl1'lllLVl1iUl;h~~ i~iln11LLl'IUVi,tl..:JL~m"~tJ~~tln111;~1uluLL~t)u1hJlJ1nun 



... 
1J'Vl'Vl 3 

-l1'W~4'u~~m~nn11U1'11fl-lL~m..h:;L1l'VI~~1nVf~1~~n '"l1nm:;tJ'l'Wm111'l1Lfl~LLn'l )J1 

H' LU'W1' tJH1 ~tJ L 'Wn11~ ~)J L ~flvi1 flfl'Wn'1lJl LtJ1 ~1'V1 1tJ-l 1'Wnfl ~,r-l -l1'W,;,)4'U~~1)J11tl LLU-l"1'W • 

.. 
'VI1-ln1Ufl1Vf'1lfl"1'~ ~ 1"'LLn m1m:;'"l:U'1I'W1 "''1Ifl''flo/l1 fl fl'l1)Jci'l-l~1 LVf1:; m1~"'~)Ju1 m1 

.j .!"I ~ ..J ,... ... oJ.~ 
'VI "'~fl-l'VI 3 Lu'Wn11'V1 t'I~fltJn11"m.i1 flfl1'l:;'VI L 'VI)J1:;~)J lJlfln11~~ lJl flfl'Wn1lJl LtJ1 L -u'W u1)J1tl.1 

..J 'I,..J... ,0.. .... - 0 s-
LL~:;'1I'W1"''VIL'VI)J1:;~)J 1:;U:;L'l~1 L'Wm1tJ)J 'VI)J~~j;lflm~"1tJLLNfl'" m1'V1"'~fltJmnl1fl'l1)Jffi'W 

~ t'I~ 1U Lu'Wn1 n./1:;)J 1 tl.If"i1L;t·h UL 'WL~fl-l ~'Wn11 ~ ~ j;l flfl'W n1lJl LtJ 1 'It'l U n11vi 1~4'U~ • 
,"fl-l U!J u~ n11~4' U LL~:;U tl.I.;j lJl fl tl.I:;~ fII'l n 11)J f111 ~ j;l f '1li1 ~-l n 1(U)J'VI1~'VI U 1 iu LL~:; 

,"fl-lulj~m1f11fl'Wn1lJlfl1f11~'lI1~f'I'lm1)J'lmn f1In.!:::~f'I'ln11)JPl1~lJlf )J'VI1~'VIu1iU'lJm1 

3.1.1 1IR";t'U • 
.1'" .... I'" ... ... ..J s-

- -l!'WIJIL)J'WlJlufl1j;lLL~'W"''lI'W''''VI 1 lJl111J11-l(Ordinary Portland Cement, OPC) 

, .., 'I ..J 
tJl1)J )J1tJ11,'11'W )Jfln . L~)J 1 (2532) "'-lLL~"'-l L'Wfl1~'VI 3.1 

- 'VI11UUJJ~1 '"l1n4'-l'VI1''''IJI~tii ~"LL~t'I-lL'Wfl1Vf~ 3.2 

- 'nfl-lL~U~~1n~~1fl~n'"l1nn1:;tJ'l'Wm111'l1~~tJ11'"l.nw""LLn'l '"l.Vf1:;'Wfl1f111 • 

fl~fiU1 'It'lU'1Ifl-l L~tJLiI'W~~1fl ~m.h·:;L1l'VI 'lVf~1'lil~ fiI~fl hlif (PVC) ij fiI'l1)J'VI'W1 LL U'WtJ1:;)J1 tl.I 

80-100 nL~nf)J tJ\fl ~ntJ1f11nL)JlJl1 ij'1l'W1"''WLn'W 9.4, 4 .75 LL~:; 2.36 ij~~L)JlJl1 ;-lLLflt'l-lfl1Vf~ 

3.3 LL~:; 3.4 LLflrM'1Ifl"L~UU1:;L1l'VI~~1nVf~1fl~n ~'tfl'W"1'W~4'u ~-l~h'Wn11A'''''n'W1",II'lU .. ... .. 
lJl:;LLnN LtJfl1 4, 8 LL~:; 3/8 'W'l 

3.1.2 .'l'LRii 
- 'l"JIL~U)J;Lj;l1'Yl 

- n1",oj'~yb1n 

- m",1'WtJl5-n 
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- ~'l5'L~l-J~tl~ "lIilPl ~nPlIOl'lnfi5'5'l-J"lI'l~ (Natural Foaming agent) Ltll.I 

~'lnh':;ntlu1.h:::LJll1 Llh~l.I ~nPlIOl'ln~"lI L~tJ t~l-J~ltJ1i1 f'l'l'll-J~l.I'lu.ul.l1.h:;l-J'lru 70 nL~nfl-J~tl 
I 

r .- .... .., .d 

~nU'lfllnLlJI'l5' lOI'lnunm K BLOCK Pl~u.~Pl~Jl'l~l1 3.5 

- L,,1tl~.r~f'l'l'l).J~:;LtitJPll1f11iltJl-J 1 ~'lLL\nJ~ lo.,J'ltJn1l-J 

- n5':;Utlnm.:J: "lIl.I'll'l 500 l1~~~1'l5' 'ii'll.lf'hLtJI~:;L~tJPl10 ij~~~1'l1 
~ r q 

- Lf'l1tl~~~).J (Mixer) l-Jtl1j;t'l u.~:;f'ltll.ln1j;t 

- l.I'l~m4'uL'l~'l 

-lRtluL~yh .. 
" " 

- u.Yl~n1:;~.:J (Temper): "lIl.I'lPl~,J'l~I'I 0.5 x 0.5 j;t'l1'l.:JU'l tJ'l'l 5-6 il'l ll~'ltJ 

t.... , ~ .Q.dI':.J 
- LLUU~~tll'l'ltltJ'l.:J\'jnU'lflln : "lIl.I'll'l 5 L"lIl.II'lLlJIJ11 ~1tl 2 l.I'l (Jl'l~l1 3.6) 

- Lf'litl~~~I'lL~l-Jm~'lf'l.:Jlll (Foam Generator){Jl1~~ 3.7) LL~:; L~l-J\Ur.:JIOI'ln 
I ..,. 

~t'll-J (Jl'l~l1 3.8) 

.../ 
(Jl'l~l1 3.9) 

- Lf'l~.:JL"lIth~\JI"lIl.I'll'l (Sieve Shaker) ~.:J1l5':;ntlu~'ltJj;t:;LLnN"lIl.I'lPl~1~1 
,..t ,.,. .../ 

"lIl.I'l~LUtl1 3/8l.1'l "lIl.I'lPlLUtl1 4 LUtl5' 8 ml'lffi~ (pan) Jl'l~l1 3.10 

' " I ~.../, " I 0 " ~ 
- U.UU~~tl (Jl'ltltJ'l~ L ~tll1 ~"lI1'l I'It'ltlUf'l'lm5'l.I'l f'l'l'll-Jffil.lU.~:;L~tll'l Plt'ltlumrn Pl 

~'lU.UUU.,x~ "lIl.I'lPl 15 x 15 x 3 ~nU'lfl!nL'1IU~LlJ(Jl5' LL~:; "lIl.I'll'l 7.5 x 7.5 x 25 \'jnU'lfiln 
I 

L'1IU~LlJI'l1 (Jl'l~Vi 3.11 U.~:; 3.12) 



t-iiLumfl4'tI(n) 9.4 lUJ. 

(,) 4.75lJlJ.(f'1) 2.3lJlJ. 

.. .J I 

1I1'WYI 3.10 Lf'1~tl~L'JJm 

~~'JJU1~~fl1n~fl1~~n 

...a I 

1I1'WYI 3.8 t~lJVl~~lJ 

fl~tuf'1tlun1(;1L1J1 

25 

...a .J 
1I1'WYI 3.9 Lf'1~tl~'Vl~~tl1J 

ri1i~fuUNtfl'" 

...a I 

1I1'WYI 3.12 LLUU,..fltl 
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3.2.1.1 n1'lLPl;!I)J,r,)'8!h~'!I'8~Li!ltlr.:Lllfl~'il1n'Yf'il1'it~n 

,j1')1fl~L~UlJ1~£'I')I~~L~tJ1l1~L1lYl~U1 L"liU ~fifl£'l~£'I~1 nU1J~1 Li:lu~u ,j1111U£'lL~fl\~ 
~1UIJ1~LLnN LUflf 1 0 U1~'l'l.l~;:1~lm LPl11~'lfn11"l1::fi~fi1ULfi~::~,rn 1J11~UJ'l1Jl1l1U USEPA 

3050 (J11fl~'l.I'ln n.1) - -.. 3.2.1.2 n1'iLPl'i!lJ-l')'it'lr.l1U,I 

t\'1~Y111UrA''ltl~1fl~fl1£'1 LL~'lflU\~LL~~~~nI~lJij 103 - 1 05 fl~r'l1Ll!lfiL~t1flLL~'lU1lJ1 
f'l£'l')lU1~tJ1'l.11J1~LLnNLUflf 4 

3.2.1.3 n1'i'8'8nLLtJtJ"'')Ur.I''J-I 

..I .... ~ 1.".1'" "1.1" "1.1 ..I.l"1" m1flflnLLUUtt'l'l.l~fllJflfl'l.lm'IJ1~£'ItI I!I'd'l.ll!lLlJUIJ1 fl1IJ1LLfiU~ 1::LJ1V1V1 1 Lu'l.l'lfl"J~fllJ 
~ , 

Yi1m1flflnLLUU~'lU~fllJL~lUH't1lJ1n~'lU u1~fl1'fl~1l1~fl1u 0.30, 0.35 LLfi~ 0.40 LLVlUYllJ'lfi 

1'llJ~'lU~fi1n"fl~L~u1l1::L1lVl~fi'ln~fi1fl~n1flUfi~ 0, 10, 20 LL~~ 30 L£'IUmlJ11J11f'1flUn11J1 

... , ''' .. CI I ..... at. ,..c 
LLfi~lJ')I'l.I'l£'l1Jl1~1 n'l.l3 ')I'l.I1£'1f'1fl ')I'l.I1£'1Lfinm'l9.4 lJfifiLlJIJ11 "'l.I1£'11~WJ1~ 4.75 m 2.36 

ijfi~LlJlJI1 LLfit ')I'l.I1"'Lflnn~1 2.36 ijfi~LlJlJ11 LLfit~1'l.1'lnlmlJ1n1LY'llJ~~fllJ1.Uf"tflUn11J1 

(J11f'1~'l.I'ln n .9) L"'ULLU~~'lU~fllJflflmtlu 21£'1mTYl"'fifl~ ~fl ~'l'l.l~fllJ~LLVI'l.I~')Ifl~L~m.J1::L1lVl 

~~1n~fi1fl~mnlJ1CUr;h~1 n'l.l (1JI111~~ 3.1) LLfi~ ~'lU~fllJ~LLYlU~')Ifl~L~U1l1~LJ1V1~fi1n 
v.fi1fl~n')lU')",r;h~1 nu (1J1111~~ 3.2) 

3.2.2.1 n1'i1LA'i1::""1"r,J-I1",t'il"::\nrn"LU'!l'il~Li!ltlr.:Ulfl~'il1n'Yf'il1 .. ~n 

m~Lfl11~'lf~1mlJ1n1Lfi~::~,rn~'ltl~fin1",lulJllnL;rlJ;ru~fin1nIJ11ulJ~'lfl!h~~~LLfl"'~ 

1. .J..... ~ ~.,::',J, ... 1. ~ .1 
'l.I(J11f1~'l.I'ln n.1) V1'lLfl11::w~')nU1"::fi~fi1U ~fi~::~UnYl~~lJ"'V1fl'l£'l'l114t::lJ 'l.I')Ifl~L\'iUu1~L1lYl 

~fi1n ~fl lltflVl lJ1::rt'l LLfI",U1t1lJ LI!ILfiLUtllJ Lfl1LilUlJ fl11~~ Umnfi LLfi::V1fl~LL"'~ LLfi~U1fl'llJ1 
~Lf"t1'l~ifl'l'llJ L;r~;r'l.l')lfl~tfi~~~,rn t£'lmmtlu L Vi t1U nu ph Total Threshold Limit 

Concentration (TTLC) Ufi:: Soluble Threshold limit Concentration (STLC)IJI'llJl.l1::mr'l 

m'::V11'l~~lJIfl'l\m11lJ 'Ytr'l.2548 (J1'lfl~'l.I'ln ~ . 1) 
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..a.J. ..I"" .... . ' ..I" ~.I .... ~ 
. J;l1'i1.:1f1 3.1 l'f,)UtJ~'UJ'YI L"JItJ~2-IflflUn1~LU;1 LLV1U'YI';',)U'tIfl..:JL~Uu1~LllVlil~1n~fn~~nunJ1N 

lii1..:J1 riu ~iiJ1(;iflt)~~U1~~1UL~hriu 0.30, 0.35 LL~~ 0.40 
, .. 

~,)U.~~iJ 
, . t1j;)11·~I)U 
,.", . 

m2-l1N m2-l11J11 ., ., , 0 , 
1JI,)'flU1~ t '1IU1,;, U1~'fl 

..I ~U~L2JU~ 'YI11U 1.11 ;; t~).J '1Ifl~L~U 1')2-1 
VI . ..I 'tI'fl~L~U t)~~ .... 

(~U.2-I . ) (nn.) (nn.) (nn.) (nn.) VlLLVlUVI 
U1~~1U (2-12-1 .) 

(nn.) 

A 400 600 86 40 0 4.75 0.3 1.02 

B 400 600 93.1 32.9 8 4.75 0.3 1.02 
... - ... 

C 400 600 100.1 25.9 16 4.75 0.3 1.03 

D 400 600 107.1 18.9 24 4.75 0.3 1.03 

E 400 600 111 35 0 4.75 0.35 0.97 

F 400 600 118 28 8 4.75 0.35 0.98 

G 400 600 125 21 16 4.75 0.35 0.98 

H 400 600 132 14 24 4.75 0.35 0.99 
',. 

I 400 600 132.4 33.6 0 4.75 0.4 0.97 

J 400 600 139.4 ·. 26.6 8 4.75 0.4 0.98 

K 400 600 146.4 J9.6 16 4.75 0.4 0.98 

L 400 600 153.4 ., .. 12.6 24 4.75 0.4 0.99 
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" 

~~l.I~~tJ 
.a(;l11~'lU 

tIhnru . ., m2J1U11 ... I 0 I 

1JI'l'lltl1.:J ., . "lIU1Ci1 U11Jl'll 
~\J;Ujuc;i Yl11t1 

... . 
t~~ "lIt:l~L~tI . 1'l2J .,J U1 

l'1 .,J .,J "lI'll.:JL~t1 t)~~ 
(nn.) (nn.) (nn.) (nn.) l'1 LL l'1 U l'1 

tJ1;';~1U 
(~tJ.tJ.) 

(2.12.1.) 
(nn.) 

M 400 600 76 50 16 9.4 0.3 1.35 

N 400 600 76 50 16 4.75 0.3 1.35 

0 400 600 76 50 16 2.36 0.3 1.35 

P 400 600 96 50 16 9.4 0.35 1.37 

Q 400 600 96 50 16 4.75 0.35 1.37 

R 400 600 96 50 16 2.36 0.35 1.37 

S 400 600 116 50 16 9.4 0.4 1.39 
.. -- --- .. 

T 400 600 116 50 16 4.75 0.4 1.39 
-,. 

U 400 600 116 50 16 2.36 0.4 1.39 

3.2.2.2 n1~ "nr."'!l~'tIil" LLa::t1~LIlVli.nJiitJilm)J',r LLi'l 

m14'~1,r~'1I'll.:J"liUCilLL~::t11::Lfll'1~.:JUDQ~~hJt-nLL~::~.:JtI!jQ~~'l~t-nLL~'l ~.:JU!jQ~,,"1'll 
t)~~~~t-nLL~'l(;l12Jtl1::mflln1::l'11'l~flv\~1~M12J 2548~nLLti.:J'llflnLtlu 19 ~2.I'lCil~~ LL~::il 

m1n1~uCil1,r~L~rn::'1I'll~~.:JtlDQ~~ffit)~~~1~t-nLL~'l tCiltlt-nri~L~'1I 6 ~in tVltl~'lL~'1ILL~~:: 

~injjm1LLl,i.:J~t) L~"II 2 ~inLL1nLL~Vl.:Jn.:J\h::Vll'1"litl.:Jm1lJ1::nt)lJn.,m1 ~1t)"IIUCiI"IIf).:J~.:JtJnQ~ 
~1tlt)~~~~t-nLL~'l L~'1I 2 ~inn~1.:J LL~~.:J·~.:Jn:i'::tJ'lUm1L'il'Vi1::tum1t11::ntltJn'"lm1,ru 1 ~ 
Yi1t~Ln/1\~.:JUntJ~~1fl1'~~~~t-nLL~'l ~ffiLi]u"liil/1\'1Itl.:J~.:JuntJ~~1tlt)~~~~t;LL~"JL~'1I LL~:: 2 

~in~l'l";1t1 LL~l'l.:Jn~im~tN::L~l'C1::'1Itl~~~t1nQ~~ffit)~~~~t-nLL~'l,rU 
3.2.2.3 n1'l"'1fil'l1)J"''U1LLU'U''II'!l~Li!JtI~LIlVl~il1n''il1.~n 

I .. 

i.:JU1~,rn tl~j;J'l.:J LU~1LL~'l"l'lUU~ n 11 q2J'1I'll.:J L~t1t11::LJ1l'1~~1ntl1::2J1N 1 ~tJ.2J . 
., 

f'l~n Lf'l~1'11'll.:J L~t1U1::LJ1l'1'il~1n t ~ L;1 d]UL U'llL;\t1'l riu LL~'l~n'1l'll.:J L~t1t11::LJ1l'1~~1n t~Jl1"11U:: 
. ~ ... ~... .1" ., .. ~ tI .. " .r ... u1tJ',}(;1160 n ~~n12J j;J'N\!~~'lltl ~~L(;l2J UnJl1"liU::[;l'l~'1I'll.:JL~t1 1::Lfll'1~~1n ~~~.:J'"l1nl'CU"'U 



" " 'Il1\nrn"JItl~ L~mJ1:;L11Y1~fi1 n nu'll1~\l'n cr~ I'l'N 

" = 'Il1~\l'n"JItl~L~tJtJ1:;L11Y1~fi1n~Y1fi • 

3.2.2.4 n1'i"1'il.:JA,j~n'ilU!l'il-ll"'i).:JLi!J,j'i~Lll'YI~il1n"'il1.Pln 

'Il1~'ltlti1~"JItl~L~tJtJ1:;L11Y1~fi1n~q)J)J1r.t1n"JItl~L~tJtJ1:;L11Y1~fi1n""fi1~~n )J1~1 
tl~fftJ1:;ntlUL~tJ~m1UU'l 4 ~'lU (Quartering) ~1nm)J1ru~LN~1UtJfltltJtltln)J1t11:;)J1ru 

400-500 iiLfinf)J~tlrlu (~'1LL~~~'l.UJ11jiHJU'ln n .8) LLU~~UL~~tltJ1:;)J1ru 50-100 nLfinf)J 

~ ~ L~tln L~'Yi1:;"JItl~ L~tJtJ1:;L11Y1~fi1 n 

" 
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Y1(;1fitl~~1fil'l1)Jci'l'l41 L 'Yi1:;"JItl~Y111tJ (111 fil~U'l n n .6) m1~~~)J'Il1"J1tl~)J'lfi1'l)JLLfi:; 

"JItl-:lL~tJtJ1:;L11Y1~fi1n'Yifi1~~n (fl1fil~U'ln n.3) L~tl H1umffitlmLUU~'lU~~)J 

3.2.3.1 n1'l'Y1".'i)\.Ifhi'.:JruLL'i-lli'" 

m1Y1~~tlurhi'lfuUN€~~uH\fl~~Y1~~tlU~1~\l'nn~~'1q~ 150 ~U ~)J~1~Y1tJ1itJ 
\l1'Yi1 "''ltJ~fiYl~~tlU ASTM C1 09-07 L~tJ'l.-t'~'ltlth~~ii"JIU1(;1 5 x 5 x 5 \'inU1f'1nL'lIU~u.JVl1 
Lc;\tJUU'lm1Y1~fitl~tltlmiJu 2 ~'lUL~tl~1m)J1ru"JItl~ L~tJ""fi1~~n~ L~)J1:;~)JL(;ItJYI(;I~tlU 12 

".J. ..I.,::' .... ~ ..I.... ., .J. 
tlVl11~'lU (j;l1n~Y1 3.1 )~fi~~1nUU~~Y1t'l~tlU~1"J1U1C;\"JItl~L~tJYI)Jfil'l1)JL~)J1:;~)J 9 tlVln~'lU 

tlVln~'lUfi:; 3 ~'l"flti1~ (Vl1rt'l~ 3.2) 

3.2.3.2 n1'i"";~nr1 ... 
~ ~..,J .. ... ... _ 

mlYl(;l~tlUm1~c;\"D)Ju1 Y1)J~1'lYltJ1fitJ1J1'Yi1 1i11)J)J11i11l1U t'l'ltJ'lfiYl(;l~"flUC128-07a 

lK'ltlti1~~fl"JIU1~ 5 x 5 x 5 \'inU1P1rfL'lIU~L)J1iI1 Lc;\m11vi'ltlf.h~filtlun1Vlu~tlmf1LVl1tlU~ 
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, , ., 
~ru,.uJlj 105 - 110 0'1i U1U 24 i'l L).J.:J li1n1~{.:JU'1\",rnrA''ltlti1.:JLL~::LL-nrA''ltlti1.:JfltlUn1~'I.,x'''l).J 

.... I I .... . 

tl~'l.UU1U1U 24 -n'lL).J'I LLi\''l'loj{~1L;In'l.~LL~'1LlnU~tlUtlti1,n1'l LL~::-n'lU1~,rn f11U'l.U 5 U1Yi 
.... .... ~ I 

~1U'lru~1LtltlfL;U~n11lnln~).JU1"'11nU1~,rn~'ltlti1'1fltlUn1[;1~i'l"'l1mL-nU1 24 -n'lLl-l'l ~UA''lU 
'IJ 

:: '" .,.....,J " "r: '" .......,J ,,:. '. ' . . 
U1~UnfltlUn1[;1U~tlnVltlULL~.:J ~1j~'lUU1~Unf'ltlUn~IRU~tlnVltlULL~'1 VI'I~).JIn'!lruJA''lU 1 00 "t:: . 

., . 
LrA'';1n1~~~~).JU1 LiluLtltlfL;U~ "lItl'l filtlun11J11' ~';1 'I. Ufln1 tllR"1~'lU~~).J tlIR11~'lU~:: 1 

~'ltlti1'1 

3.2,3.3 n1'l,..1fl'l1)J,..U1UUU 
., , ., 

n1~VI ~~ tlU fh~ti'lUU1~Un ~'l Uij~VI In ~tlU ASTM C29 LlnUn1ri'lU1~,rn"lltl.:J ~'ltlti1'1 

VI ~~tl.:J~11~'lUlli).J1 [;I1"l1tl~ ntlU~'ltlti1~VI In~tl~ Llnuli1 n111' In,.h 'I. UlJ n1 tllRl1~'lWJ~).J 

tllJll1fbu~:: 3 !K'ltlti1~ 

., 
= Y1~,rn"1ltl.:J~'ltlti1.:J~Vlfi • 

""' ., 
3.2.3.4 01'''''''''JU'l.J1.JU,...:t 

n11V1In~tlU';1n1~~~~'lLLUULL~.:J~'luijfiVl~~tlU ASTM C596-07 LlnU"'I::li1n1~~~tl 
." r" r... "" ..,J tl..,J tl..,J 
VI'ltlU1.:J ).Jtl11R1 "1IU11n 7.5 x 7.5 x 25 ijnU1f11nL'1iUIRL).J1R1 'llnfl1f'1'l1).JU1'lVlL ~UULL ~~VlL'l~1 

, '" .. '" ....., 'tl..,J tl ~ t 
1R1.:J 1 nUf1tl 4, 11 , 18 LL~:: 25 'lU LVlUUnUfiI'l1).JU1'lntlUn11L ~UULL ~'1 'I.:JVI~~tlU ~U 

Lf'I~.:Jijtl'"l1n f11fl';)'I1Lf'lil filru::';)VlU1f111~lRf ).J~1';)VlU1iu\l1Yn ~1U'lU 2 tlIR11~'lU tllRrl~'lU 
'" I 'i' _I"!!'" I ..,J -3 tl ... 'i' ..,J 

~:: 1 lR'ltlU1'1 ~f;lmlJ1UU L VlUU1::~'l1'1 n11LL VI'\..IVI"lItl.:J Li'lU j:::LJlVl~~1nYi~1~ IR n ~f;lU LL 'Yl'\..l'Yl ru 

... '" 'L!..,J" -3tl ... 
'f;lL~).J1:::~).J LVluunu n11IJ..1LL'Yl'\..l'Ylf;l'lU"lItl'l Li'lU j::LJlVl~~1 n'Yi~1~lRnL~U 

3.2.3.5 01'm".'8'l.1"'1fh01'lI)Jtlr.:i"fn1'nhfl'l1)J;'8U 

li1n11~~tl~'ltlti1'1 ).Jflf!1h "1IU11n 15 x 15 x 5 ~nU1f11nL'1iU~L).J[;I" 41U'lUtlIJl11~'lU~:: .. 
'" 1

0 ,..,J '" :. 0", ' ~tl ..,J .. ~ .. '" 
1 lJI'l tlU1.:J 'Yl1n11u).J'Yltl1F,J 28 'l'\..l "'11 n'\..l'\..l'"l::'\..11 lR'ltlU1'1 ~ 'Yl1n~tlU'Yl~'\..IU'YlIn~tlULfl1tl.:J).Jtl'l(ill 

).J ~1ij'YlU1trU L'Yl fl L '\..I L~~'Yi 1::"'Itl).J Ln i\'1 fiUlJ 1 'Yl (ilI~tlU~1,.h ~).Jtl1::~'Ylt n 11U 1 fl'l1).J1tlUA''lu';)fi 

"'.J 'I. ..,J 0 "'.J '" .J 'Yltl ~tlU ASTM C-177 -04 fllRn~'lU~~).J U[;I111'1'Yl ~.28"t1'\..1'l'\..l 6 tlIR11~'l'\..l tl[;l11~'l'\..l~:: 1 

~'lflth'l '[l'IU Lmuu L f1UU~1tlIJl11n11L~).J Lrlflil n11LL VlU~ ;t'ltJ"lIfl'l L~Utl1:::LJl'Yl~fl1 nYifl1~~ n IJifl 

'.¥. tl~..c 0 " f'l1~SJ 1:::~'Ylfin11'\..11fl'l1SJ7fl'\..l 
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l.i1:;~'1 n.lfh 1. -n~'UJ1. 'Un'11~~ IJl flfl\.1n1(;l LtJ'1 LL~:; LmUtJ L ~UtJ ntJ flfl'Un1lJ1 LtJ'11.i1:;LJ)"fl 

L~tl'ln'U ~il~ 'l'lnl'1u (;l'1~Yf 'tl-11Jl ~'1 (;I lJ1 ~'tl (;I~'Ufi'l'l.I 'l n.lrh 1. -n~'1U~'1~ ru n'l1,j'1U ~'D 'tl-1 L~m.h\:;Ul"fl 

~~'1n 1.'U~l.i'lUl1 fI'1tJ'1"fl~'tl ~'U'D'tl~ L~U LL~:;U'1~'11. -nU1:; LU'JI,rL ~fl LiJ'Ut)~ I1lri'tl~1'1~ 'til 

... .. ... u 
3.3 n1fiLfI'l1~"'~1'U~~!I 

1. 'Un '11~ m~t'l~ '1 i (;I~'l'Ulli~ '1 n.I LL~ :;'D'U '1 (;I~ L ~~ '1 :;~~ 'D 'tl-1'D'tl~ L~UU1:; LJl"fl~~'1 n 

... .J.J .. .oj ~ ..... 0..... ,''':: 
"'~'1~lJ1n"flLL"fl'U"fl~~ L'Ufl'tl'Un1IJlLtJ'1 L~U'lLfln:;~~'1n n'l~-1'tl(;l fI'l'1~~'U'1LL'U'U n'l7"'''''~'U'1 n'l1 

" 
~(;I~'l LLtJtJLL '\\'-1 LL~:;rhi~U1::~"flfn'l1U'1 fl'l'1~ 1fl'U L(;ItJU'1~'1 LmUtJ L ~UtJ ntJ~'1(;l1l'1'Uf"t'tl'Un1lJ1 

tJ~fln UJftJ~'1~un 1.'ULL~'D'tl~ ri'1i~ftJLLN~ (;I L ~'tl1. -n LiJ'U~'l LmtltJL ~tJtJ 1. 'Un'l11.-n~'1'U LL~:;~1~11Cl 

U1:;tJnIJl1-n LtI'Ut)~ "J ri'tl1. 'I.I~'1'1.1rifl~ 11~ 1~ 

~n'li'l~~~'V11~n'ltlJl1"'LL~:;Lflij'D'tl~t)~ln~1.-D1.'Un'17~4'u • 

~ 
i-

'V1(;1~'tltJri'1i~ftJLLN~(;I f"t'l'1~~'U'1LLl.i'l.l LL~:;n'l1(;1ln~~U'1 
" 

(~'1m~1n.1'D'tl~L~UU1:;Ul"fl~~'1n"'~'1~~n~L~~'1:;~~) 

I ., 
'V1ln~'tltJri'1i-1fuLLNtl(;l f"t'l'1~~'U1LLl.i'l.l LL~::n11~~~~U1 

(~1'D'U1 (;I'D'tl~ L~UU1:;Ul"fl~~'1 n..,~'1~ ~ n~ m~1:;~~) 

~ 
., !V 

"fl(;l~'tltJn'lm(;l(;l'lLLtJtJLLWJ 

~ 
"fl(;l~'tltJi~U1::~"fltn'11U1fl'l1~j'tl'l.l 

~ 
tl1::~1n.1~1'l'~1tJt'Un'l1~~(;lf"t'tl'Un1(;lLtJ'1 



~ 
U'YI'YI 4 

n11~mt1~fl1,):;~ L lUJ1:;~l-J LlJn11,j1'11'el'l L~mh:; LflY1~~1n-"i~1 ~~nl-J1 C.J~ ~ f'ttllJn1~ 

LlJ1 1~UU'ln11Y1"'~'el'lUU'lLfllJ 4 t1I,)lJPl'el1'~"'~1",flJn11t)4'tJ ~l-JilliY11'1mtJfl1l'lU~:;Lf'tii,tl'l • 
1'~~~LfllJm1Y11'1~tl'l ~mt1~fl1,):;~L"'l-J1:;~l-JLlJm1C.Jfi~f'ttllJn1~LlJ1Ll'ltJH,tl'lL~m.h:;LflY1 
~~1nl'l~1~~n Ufi:; l.h:;l-J1rufhH~1mfltl'l~lJLlJm1,j1'tl'lL~m.h:;LflY1~fi1nl'lfi1~~nl-J1C.J~j;I 
f'ttllJn1~LlJ1 L"'tJC.Jfin11t)4'tJl~C.Jfl~1'11 ~'1~ 

4.1 fUJU;'VI1~n1t1/nYnLft::Lftil'll'il~-riUl;h-n 'Un1"i~..rtl • 
4.1.1 n1"i"'1tR"'1",tft,..::,..,rnl'U"D'il~LitltJ"i::L1l'VI'Qft1n'Wft1i1~n 

C.J fimfl Lf'l11:;t.f",1ml-J1 ru Lfi"':;"'Un~')tJ t')fim", llJ~1n df).J;lJ Ll'ltJY1l'l~tllJ (;l1l-Jl-J1 ~1l1lJ 

U.S.EPA.3050 ~Lf'l11:;t.f r.nn~1'l1:;fi:;fi1tJC.Jfim1t)Lf'l11:;t.f~'1U~{;l'lLlJj;l111'1~ 4.1 ml-J1rufi1f;j 

Lfi",:;",Un..r'l"'l-JI'I~f'l11'l~1"t:;mlJ,tl'l L~m.h:;LflY1~fi1nl'lfl1~ ~n"t1 nm1Y1lJY1,)lJ'I1lJt)4'tJ ..r'lilJ 8 

'lIu'{;l ~'1 U~"''1LlJ(;l111'1~ 4.1 ~'1C.Jflm1t) Lf'l11:;t.fl'llJ~1 f'I,)1l-JL;l-J;lJ'1Itl'l Lfi",:;",Un Uv1fi:;'1Iill'liifi1 

UtltJn~1LrltlLYltJlJnlJfi1 Total Threshold Limit Concentration (TILC) Ufl:; Soluble 
., 

Threshold Limit Concentration (TILC) (;l1l-J1.h:;mf'lm:;Y11,)'1'q~~1",m1l-J l'l.f'I.2548 ~'1UlJ 

'1Itl'l L~ mJ 1:;LflY1~fi1 nl'l fi1 ~ ~n9'1 1,.14' I'ltl~LlJ'1Itl'l L~mrlJ(;l11tJ~'1 m1t) Lf'l11:;t.f~1)']41 LfllJ~tl'l 
Y11'l~tllJ~')tJt)fi Waste Extraction Test (WET) (fl1f'tC.JlJ')n '1.1) 

j;)1"i1~Yl4.1 tl1mruLfl",:;",unLlJ~1~nl'l'1l'el'lL~mh:;LflY1~fnnl'lfi1~~n 
m).l1C11 ).I1P1il1U STLC" ).I1P1i,!1U TILC·" 

ta~mrn ilaanr).l/ ilaa nr).l/a Pli 
ilaanr).l/fitanr).l 

ilaanr).l/mtmr,.. 

aPli· t1i::n1f11ni::Yli,;)~ t1i::mfllni::Yli';)~ 

'ilPI.1,.nn).l 'W.fII 2548 'ilPI.1,.nn).l 'W.fII 2548 • • 
UffiYl < 0.04 0.2 nd 20 

liI::n'l 0.652 5 65.2 1,000 .. 
U""jIUJtJ~ 0.052 1 5.2 100 

... 
L'lILtHUtJ).I < 0.15 1 nd 100 

Lrl1UjtJ~+6 5 (+6) 500 (+6) 

Lrl1UjtJ~+3 
0.974 97.4 

5 (+3) 2,500 (+3) 

t\1nn,t < 0.05 5 nd 500 

umnfl 0.067 20 6.7 2,000 

Ylt1~UIIl~ 0.325 25 32.5 2,500 
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...... IV'" ~ I ""..,J .. .J.eII "'IV'" .. 

\.n.J1m~(;j * )J~~nnJ/~IJl'l Lu\..lfil1fil'l1)JL·nJ"1I\..I'Vl'Vl1~ ~\..Imfil1'fl~)J'fl'l"tJ'l'VltJ1f111~j;J1 LL~~ 

L'Vlfil L\..IL~mLfilr1~'lf 
., 

** ij~~nf)J/~j;J1 LtI\..I1"i1fil'l1)JL')J'\..I'D'fl~~11t\..l~U'ltJij~~nf)J'D'fl~~11vi'fl~~n'fl~U1 

~nj;l Ht\..ln11LYitJtJntJ)J1~1l1\..1 Soluble Threshold Limit Concentration (STLC) 

*** ij~~nf)J/nL~nf)J LtI\..Ifhfil'l1)JL')J'\..I'D'fl~~11t\..l~U'ltJij~~nf)J''fl~~11vi'fl~~~ 

-nLfinf)J'Dfl~i~t1nQfi'\li;'f1t)~ "J~hit'LL~'l tft\..ln11LYitJtJntJ)J1lJl1,f1\..1 Total Threshold Limit 

Concentration (TILC) 

.. 

4.1.2 

~j;J~1~n11)J, 2548 ) 

"1nn11~ Lfilr1~'lfri~,'fl~ L~tJtl1~LJ1'Vl~~1n~~ hit-rl'D'fl~ L~tJt1\..1Vlr1tJ 4'j;l~)J'l j;l~~L~ltJt; 

m~L~' 6 ~inFi'fl 06 OB 99 m~ L~'~'fl~~inLL1nFi'fl 06 LL~j;l~~1LtI\..I ''fl~L~tJ''1nn1~tJ'l\..ln11 

tJ~Vl~1ffiU\..l'Vl16P11~ 1 (Wastes from inorganic chemical processes) ~1~fm'i~ ~'floo3~in 

n~1~ LL~rM~1LtI\..I 'D'fl~L~tJ"1nn1~tJ'l\..ln11tJ~t;I n1rtJ~)JVl1)J~t;l1 n114'j;l~~ LL~~n11t;~1\..1fi1f;J 

~~fil'fl\..lLL~~'fl~~\..I1f'D'fl~fi1f;J~~fil'fl\..l (wastes from the MFSU of silicon and silicon 

derivatives) Lrl'flU1)J1~Lfiln~'lfL~'D 2 ~in~1tJYitJ~1 hii:hi~L~'D 6 ~in~L~)J1~~)Jt\..l~)J'lj;l 

~\..I1 tJnL,)\..Iri~~ih~, 2 ri~qj;lYf1tJLtI\..I 99 ~~~ttlm~ 6 ~'l Fi'fl 06 08 99 

4.1.3 A~1)1\1U1LL'llU"'a.:l'!l'!l,ni!.,.Ir.;Ul'VI~fi1nYffi1",Rn 

1il1n-31\..1~4'tJYitJ~1''fl-3 L~tJtl1~LJ1'Vl~~1n ijI'i1fil'l1)J~\..I1 LL U\..I1'l)J(bulk density )L vi'lnu 

0.08 nffilJi'fl~ntJ1f11nL~\..I~UJ~1L~tJ%~1)J)J1j;J1l1\..1 ASTM C29 (111flr.J\..I'ln n.2) 

4.1.4 '!l.:lAur.;n'atJ"'a.:l"'a.:lLiaur.:Ul"·,Ul1nYffi1.i1n 

fl"l~'l L~~"lt~fl~ ~tJttflfltJ'tfl~'tfl~ L~ tJtJttLllYlilfi"l fl~fi"l~ ~ fl L"'tJYiU1"l lli.1l).J"l Nilfi"l t'l 

''fl-3L~tJtl1~)J1ru 1'fltJ~~ 95 Lj;ltJ)J'l~ ~-3ii~~L~'fltl\..ltlr~Ul'Vl~\..I1 L-rl\..l Lji\~~\..I'Vl11tJ LfII~LLn'l 
:' .J IV "I ..,J 

~a'flj;l~j;l\..l1 LL~~fl\..l1 j;l-3LL~j;l-3 ~\..It;l111~'Vl 4.2 

,,171.:1;1 4.2 fl-3 ~t11~nflU'fl-3'fl~ L~tJtlr~LJ1'Vl~~1nYi~1 ~ ~n 
.. _- -- --._.- . - . .. - - - -- . _. ---_.- - . ... -. - .-

;'a!J-t.:: t"a)l'1 • '!Iil"'!I'a.:lLia 

~~1nYi~1~~n 94.8 

LfII~~\..I 'Vl11tJ 2.6 

LIi'I~LLf'i"l 1.8 
:: 

~~flj;l~~1.11 0.3 

~\..I1 0.5 
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• • 0 !! r 
4.1.5 Fl1F1'l1"''''l~''t1L 'W1~ LL~~n1"fl""D"'U1"J1'!)~'t'I"1!J ... . .. 
Yl11tJY1H1.un11YlC;\fltl~;j ijf"i1f'1,)1lJd')~41LV.1~lu~1l1V.LL~~LVhritJ 2.57 LLfI~ f'I,)1lJ 

d')~41LV.1~~lJ~,)~~,)LL~~ 2.59 LLfI~ iif"i1f'1,)1lJd')~41LYi1~tl11n!lLvhritJ 2.61 

Lc;\tJ'h~~m.~ndiif"i1ln~L~tJ~ritJ~1U~r.rtJ~1~~nM'lH i"ll,)1f1tJ LM~ltJVl1 (2539) Lc;\tJ 

Yl11tJ~H'riutC;\tJ~')1tl,",~iif"i1f'1,)1lJd')~r.l1Lvn~tl1~lJ1ru 2.65 Vl1lJ~1~tJ ~~,",1mJflm1YlC;\fltl~ 
.J ... • ... d. .J"!"I 11'" ... ..J'l "... ~ 'l" 'i' ~ !'II -.... 
¥'t'lUYl11tJlJf'l1 2.57 Cl~ 2.61 "II~f'l1Yl Lc;, Ln~LfltJ~ntJf'l1Yl c;,lJn11J"1nM'l 'l Lc;,tJm1'lLfl11~~ L"II'lfi 

Vl11JlJ1lJ11l1U ASTM C128-93 ~~Lilun11~Lflr1~i~1~ftJ1'~(;JtJ~lJfI~LiltJc;\ loii'W)Lfl11~,.rVl1lJ 

lJ111l1l1U ASTM C127 -88 ~~LL~C;\~11tJfI~LtltJl;llWl1fltJU')n V.tJ~1f"i11tltJfI~'tl~m1~"''ilJ~1 
'tl~Yl11tJijrl1 0.84 ~~LL~~~lUVl1r1~~ 4.3 

t.:al ,0 II 1 
f'l1L'tlfltJfiI'l1lJCl'N,",1LV.1~~1l1YiLL~~ 2.57 -± 0.01 

fi1L'tl~tJf'I'l1).lci'l~~1LYi1~ilJ~'l~ihLL~~2 2.59 ± 0.01 

";1L~~tJf'I'l1lJd'l~r.l1LYn~tlr1nri3 2.61 ± 0.01 

rl1L'tl~tJ~tJfI~m1~~~lJU1 (%) 0.84±0.02 
, -I , ,,-I ... 

, .. 
2~tU~lJ~'l~'ltJU1 LLiJI~'lLL~~ .. 
\L~~lutl1mfll LLiJlijU1lu~t'J 

4.2 fln'lf1f1111'l~;1L"''''1~\U' 'un1'lr.JiflFlilUn;flL\J1tfl!l'i"JI'!HLi!JtI~Ll1't'1'U~1n 
'W.1'j(~n 

o ..,.., -." 
4.2.1 n1~~ruLL'l~'il" 

4.2.1.1 r.J."JI~HI,r,"'1Wn1'iLL't'Iu;1"J1'a~Li!ltl~Ll1't'1'U~1n'W~1f1~nptilrhi'~ru 
., 

LL"~'ilfl 

,",1nm1~m~nn1i~fuLLNt1",~i~,",1m.ilJ~'ltlth~LilUL'lfl1 281''1.1 V.tJ~1'tl~L~tJ~LLVlU~ 
fI~lU~'ltlth~f'ltlun111l,ruiitJflYi11~n1i~ftJLLNt1C;\fI~fI~tlth~i"'L,",u ~~LL~c;\~lWl1v.~ 4.1 ,",1n 

m1V1~fltl~ L~lJWlJ1ru'!ltl'H~tJtl1~L1lYl~fl1nv.fl1~;jnfl~ 1 U~'ltlth~ Lc;,m ~lJ,",1n1tltJfI~ 0, 10, 

20 LLfI~ 30 Lc;\tJUro1lJ11 YitJ~1n1i~fuLLNt1~iirl1f1"'fI~lu'iJn1 ~'ltl,h~ LLfI~'iJn11~tJ~L'lfl11ilJ 
::. ~.!II ~ .1 ... .J .J 1. '" , "..... ....1 'I.J 
VI~ULuULYi11~'!Itl~ L\1tJu1~L1lVl~fl1 nYifl1~ lJInYlLL YlUVlfI~ UlJI'ltltJ1~ LlJlJtl~ flu1:;ntltJ L~1 VI 

~1lJ11Cl,j'ltJl~n1i~fuLLNt1"'~1L~lJ~uLLiJltlti1~1~ n1i~ftJLLNt1C;\~flC;\fI~dLilULYir1:; 2 L~(;JtJfI 
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f.1tl fI'l1lJWU1LLU'U~t'l(;lt'l~y'h t~ri1tr~1ULLNt1(;1t'H~t'l~ LLt'l~ ~n~1L'\.1lJlll~ LU'UL Yi11~~1 ~'l'!ltl~ L~tI • 
tI 

... .J·t~·.,., ., 'i'''' .J ~ 
1~LfIYl~t'l1nYit'l1~lJlmtl~YlYl1 '\.1mt'l~1ULLNtl(;lt'l(;lt'l~ ~~tI'\.11nYi"'l1jru1"'11nIl1YiYl 4.1 LLt'l'l"'l~ 

, • r:: ~ tI .....J .J,! .l' 'i'.J,.., ., ., , 
YitJ'l1u1lJ1 ru'!ltl~ L~tI 1~L1lYl~t'l1 nYit'l1~ [;1nYl LL Yl'UYl LI'1~~~ iii LliltlYl fl1 n1t'l~1tJ LLNtllillJ1nn'l1 

110 nLt'lnflJ~tl[;11n~L'JI'U~LlJ[;11 f.1tl~1lJ11mLYl'U~1Iibhn'U~tltlt'l~ 20 L(;ItlmlJ1[;11 L(;ItlYiU~1 
... .:". ! • ~ ....,... 'I ~ .Jt..!l"'l.~ ., '1.l' .J 

fltl'Un1[;1LtJ1'U u.J~1lJ11Cl Lu1t1ULYltlUntJfltl'Un'1lJ1LU1UUtJtltJ Ltl'U1Yl "D L'UU~'U'U L'" L'Utl~~1n 
0-

LU'Ufltl'Un1[;1LtJ1~h~'JIil(;ln'ULLt'l~fl'l1lJ'\.1'U1LL1.i'U'W~1'UlJ1[;11.J1'U ~~U'U~~LmtlUL~tJU";1ri1i~ftJ 
" " LLN~",il LUffitJLYltlUnU";1ri1i~fuLLN~~t.J~lJInru.,]~[;1~1'\.1m1lJfltl'Un'1[;1tJ~tlnfuu1'\.1Un (lJtln 

57-2533) ~~t.Jt'lm'1Yl(;lt'lfl~ LiJ'Ult1l'Uy'h'Ufl~L;\tl'Jriu 
o - .... 'i' .Jt~ ~ ... tI 'i'...... Ismail LLt'l::AL-Hashml (2007) Yl1m1'l~tI~(;ItI'Vl "D'!Itl~L~tlYit'l1~[;1n '1::LfIYl~Yit'lLtl'Vl'Vl-

... 'i' ... 'I ... .J .J... tI .. _... 'i' .J. 1 ~ 
t'l'UUt'l~LYit'l~ L[;1t'l'UU'Vl'U'Vl 'VllJ'!I'U11i1 1~lJ1ru 15 Cl~ 40 lJt'lt'lLlJlJI'1 LlilmL'Vl'U'Vlt'l~u1~lJ1ru'1tltlt'l~ 0 

~~ 20 L"'tllJ'lt'l'!ltl~'Vlntl LliltI~1nm 1'VllilfttltJYitJ~1 Lrltl LL 'Vl'U~'Vl11t1 ~'ltl'!ltl~ L~tI'!Itl~ L~tI YitJ~1 
'!Itl~L~tli:lLL'U'lLUlJt'l(;lM ~1nfl'l1lJ'\.1'U1LLti'U 2,400 LU'U 2,200 nLt'lnflJ~tlt'lnU1fi1rlLlJ[;11 L(;Itl .. 
ri1i~fuLLN~IiIt'llilt'l~"'I1ntl1~lJ1ru 400 LU'U 300 nLt'lnflJ~tl(JI111~L'JI'U~LlJ[;11 

Payakapo P. LLt'l~ Payakapo M (2008) vhmfl4'tlLliltltoi'!ltl~L~tltl1~LfIYlYit'l1~~n 

t11~LfI'Vl L'VltlfuJ L'; [;1~~ '!Itl~ L~tI;li:l fI'l1lJ ci'l~r.t1 L Yi1~t1'1~lJ1ru 1.48 Lj;m~~ t 'Ufltl'Un'1(J1lJ'lt'l LU1 
., , 

'JIi1(;1tltJltlu1L(;ItlLL'Vl'UYlt'l~1tltlt'l~ 50 ii~ 90 L(;ItllJ'lt'l~'U;LlJ'U;l LliltlYiU~1f')'l1lJ'\.1'U1uti'U'!Itl~ 

~'ltlth~i:lLL'U'lLUlJt'lIilt'l~~1ntl1~lJ1ru 1,500 LiI'U 1,400 nLt'lnflJv1tl\1nU1fi1rlLlJ[;1'1 L~tlri1i~fu 
., 0-

LLN~IiIt'lIilt'l~"'I1ntl1~lJ1ru 55 LiI'U 40 nLt'lnflJ~tl[;11n~L'JI'U~LlJ[;11li~ilLU'ULYi'11~~11A''lYit'l1~~n 
" ... ... • 'I ~... '~.I ~ ..... , ~ ,All , 

'UlJ t.J t'l 'Vl1 L'\.1 n 11tl iii Ln 1 :;'1~'\.1'l1~ '!Itl~ Lri tI LL~:; \I 'U'D LlJ'UtJllJ fl1'Utl tl n'l1 n 11t11i1 Ln 1 :;'1:;'\.1'l1~ 

~'U; LlJ'Uj;f ri tJ'Vl11 tl 

'U'11f'JI~Yi'1 'U'l t'l~'lnff (2551) loi'!ltl~ L~tltI'1~L1lYlm~1iI1M~~1 'Ufltl'Un'1(J1tJfltln~ 
., 

LliltiU 1 '\.1 un ~'U; LlJ'U;l 
., , 

~1JI'11~'l'UU1~tl;LlJ'Uj;fLYhritJ 0.5 L~tlLLYl'U~~~t11~lJ1ruffitlt'l~ 3 LliltllJ'l~Yl'11tl~'U;LlJ'Uj;f Lliltl 

fOl'l1lJ'\.1'U1LLti'U'!Itl~~'l'flf.h~ijLL'U'l LUlJt'lIil~~~1ntl'1:;lJ1ru 2,100 LiI'U 1,900 nL~nflJ~tl\1nU1f11rl 

LlJIJl'1 
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19.24 U1.,,~t}llflU 
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., 
L1.Yl ~~,r'U~~~1lJ11ClU1lJ1U1:;~nm-n'U,n'Uri'il~11~L~ 

1. n11U1:;tJnIJl1;n'U1l1fl~IJl~1'I.m11lJ fl1r,HU~tJ'ULU1;n'U~1'Uriflfl11~~'U1 L'lI'U ~1'U 

';)fiI'l n1),lJ l1'U11n L 'Yi)'1:;\,nn 1 41 ~1'U ~lnM p\nUlJ~1ffi"lJ1n,rnf}1"l hiLtI'U~iltJlJ ~'ltJt\1L ~'J~ 
~_!!"I..j 1..1 ... ..1. 1 ... 

fl1"l U-JLu'U'VI'Yifl "lL1fl~fl'l1lJfl'ltJ~1lJ LL~:; f"l'l1lJm'l~L1fl~f"l'l1lJu~fl~lltJ 

. _..J...J::' ,..J • 
2. 'D fl~ L~ tJU1:; LJl'VI ~fl1 n'Yi fl1 fllJl n 'VI LL 'VI'U 'VI iH 1 'UlJ 'l fl1'llJ'U'U 'YiU'l1 LlJ fHJ fllJ'D fl~ L~ tJ 

U1:; LJl'VI~fl'l n'Yifl'lfl ~mL~'l'YiU~1ii';1 i~~ "'fl~ Pifl'U'1~lJ'l n LLIJI11 I"I'ltJfl "'~~ "'fl~ Pifl'Uf'l~UtltJ • 
. . ., .. -

fl1"lhj~lJPi1'V11~Lfil1~ln"l ~~,r'U~1n"l:;iin11~m~t1~fl fl1"liin11~n~11'ULL~n11H'LtI'U~'U'l'U 

f')'l1lJ~fl'U 'L"'tJbJtJfllJ~~ Lu1'Uf')fl'Un'1lJl 'L"'tJIJIN L~fl UJ1"'flfl'Un'1IJl,r'UL~tJ';1~~fuLLNtl'" tu 

~ ..I 0 ~ 1t"... .,.... .,. 
3. n11J"1m~t1L1fl~n11'U1Lfl1'Dfl~L~tJlJ1 "JI1'llJnUf')fl'Um'j;) ~1tl flfl'Un1lJlLU1 t,nn 

Yf"l11N1 't \lLL~'1Ifl~';1i~1ULLNtl(;l fl1lJ11Cll ;i'llJnU'1Ifl~ L~tJ~\l1 ~ilfl~flU)':;nflU'VI1~Lf}il~1f} 

'VI1~n1tJIl1'Yi 1n~ L~U~nU~'U; LlJ'U~ lJ'l~1'llJ~:;L~tJ ~~1fllJ'l ~1'llJ~tJ1U ~1"l:;hJv'h 1 ~';1~~1U 
, 

LLN~"'~1~~lJ1n,rn 
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111fUIU'ln n.1 i)fim~i)LM"l~'\.hlhJ'lruL~,..~'\.nrn1u"ll'tl..:lL~t1~"ln~~nn ~'ltli)fim~ti'tltl~'ltln1~ 

'lu(;i~milJ;ru 

., 
Lilun"l)'i) LPl),"l~i,.."l tfhn ru L~,..~,..,rn~..:l"'lJ C?I 1 U"JJ'tl..:l L~mJ),~Lll'YI~~"l n LC?ltlti'tltl 

" 
flItN L~t1~"l n~~"l n 1 um~ L uI'l1n'tlti"l..:l tuLLN ~..:ltl 

1. U"lvl'l'tlth..:l"ll'tl..:lL~t1~1n~~"ln 1 nflJ 1~~..:l1uumn'tlnU"l~ 125 ij~~~~1 
" I 

2. L~lJmC?l'luI'l1nCJ~lJu"ln~U (~I'l~"ll.'hu 1:1) WlJ"lru 10 ij~~~1111.LL~'lU1Un 
" 

Ln'tlflJ"lvl..:lUUL[;I1 'tlru,..nij 95 'tl..:lfil1L-JI~L~t1~ th~lJ1ru 10 U1Vl . .. ., 
3. ffi"U(;)')flth~L!jULLt\',)LjjlJmC?l LUlJi1m;)lJ;)U 5 ij~~fl"'), LL~,)U1lJ"l(;)~UUL"'1 

" I 

4. ~'tl~Uvl')'tlti"l..:lL!jU LLt\',)~..:lL~lJU1niu 2 ij~~~"'1 LL~~L~lJ 30% 'ltlLC?l1L"U 

LtI'tlffi'tlnL-JlC;) 3 ij~~~\Jl1 

5. u1umn'tlflJ1~~UUL\Jl1 ~'tl~Un~~vt~'V'I'tl~'tl1n1P1~LnlR~1ntlDmtl"lLtI'tlf 
'tl'tlnL-Jlc;),..1t1'ltl LL~')";'tltl1 L~lJ 30% LtltlRn~uLtI'tlf'tl'tln'l-JIC;) VI~~ 1 

ij~~~1111 ~Un1~vt~UJSj'V'l'tl~'tl1mPl 
" I 

6. vl..:lUmnflfuuL"'1IJifl'ltl"um~~..:lL"';flmlJ1\Jlm1IRtl1~lJ1ru 2 ij~~~1111 
" I 

7. u1umnf)ffi..:l~1m\Jl1LLt\',)L~lJU1nftutI~lJ1ru 10 ij~ftftm LLt\',)L4Jlth1~t;)1 
., .... a 
nu ffi~U\Jl'lfltl1~LtlU 

o :: ..,J'l" .!' 8. 'l.I1U1'Y1 IRlJ1nffi~",,')t1m~1R1ltm''tl~ Whatman No.42 

9. U1J1~'l~lJ"lL~l.JJ1nju~uL~mlJ1\Jl11 00 ij~~~[;11 LLt\'')U1'l1.F3L1'I11~i'''1 
mlJ1ruL~,..~,..,rn 
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i< 

1l1fUIU~0 0.2 nlffilf'i1'\nl'l'U,jl~,rnLL~:;'l!t)~~I~"lIt)~t)MJ~fUJ 

, ~ ~ 

2. ;~,jl~,rn~I'U')ru~I,JhJ1(;11ti~ LL~,)Rl'U')ru~lrh~"btJ,jl~,rn (Bulk Unit Weight) 
~ 

~lntl~11~,)'U1:;~~I~,jl~,rmJ,)~1'))Jriu1fnJ1I;],1"lIt)~d'~ 

3. "h~U'ltJ~I'"trn (Unit Weight) ~H'l'Utl'i1fltltlLLiJtJ~'l'U~~)JL"'tJm)J'itM,rud~ufii'i 
., ., ., ., 

~U')tJ,jl~,rnLLtJu Bulk Unit Weight l'i~ilLYU1:;'l'U'VI1~tlfl~,r'Uhi~I)JlrCliil'l"')J'l~1'))Jtll.'\ 
, 'I . .r ... 'I.! ... ..J~, , '11'( . ) 

LL'U'U-~'ULU.tl f\f)Um'~~'U-~)J::n'tI-3'l1~1:::~'lI~)J'lM''l)J .1J'I Voids 

~ 

= ,jl~,rn"llt)~tJi')tlth~~'VIfi • 
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" 
111fUIU1n n.3 m~1fhm~~I1I~tnj1"11f)..:J"'~1mLfl:;"II'f}..:JL~mJ~:;Ll1"''tlfl1n 

~ 
'!IU M'!l'm1fft".'8~ 

" 
1. L't)~I1IU~:;tl1ru 1 infln1),J LtJtl1111"11tJ1I11Yif)L~),J1:; L.",j1L~11'l),Jt)~I1IL~m!f)U • • 

" I 

ii..:Jln~~~~),JLiltJL'lfl124 ± 4 i'lLl.!"I 

2. Ln~U~'lf)tl1"1t)~ ~ L~i'ltl1111~"IBnfl1"1 LL~..:J ~i1fltJ~I1IUfl:;mtJ~'lf)tl1~ LUtJ 

1:;u:;1 L~f) L,"U '&-3i'lntJlliItJn1:;~-3i)~ "J~),Jl~fi 1"'f)tl1-3ii~1:; (Free flow) 

3. L"'~'lf)tl1~L~UlJlJ~flf)n1'lU),J1~'l1tJ "IItJ1I11L~tJ~1tJ,!!tJunfi1-3lJtJ 40± 3 

ijfl~L'-lVl1 Lt\'tJchtJ'!!tJunfl1-3fi'l-3 90 ± 3 ijfl~L),JVl1 LLfl:;~~ 75 ± 3 ijfl~L'-lVl1 ut\''lm':;~~ 
.J.... ;, 

LlJ11"'~'l~tJ1 

4. ~-3LLlJlJ~flf)f)f)n L tJU tJ'l ~-3 L11t)~ ~J-3 Fl~lun1'lUf)~ U~ ~-3~1J~ij f'l'l1),J~tJf)~~ 
" 

ij'l ,j11uHnfl1~LL~-3tlnf'l1"1ufl:;mtJLiltJ~:;U:;1 
If !II I I 

oo..,.aI ,4I;!f I .... ,., .... 

5 . ."1"Ji1"11tJ[;\f)tJ.,, 3 LLfl:; 4 '"ItJn'l1 L),J'f}tJmLlJlJ~flf)m''lUf)tlnVl'lf)m..:J'l~~!llJVI'l 
" I 

~ffit\'),J (i1f)~1t)~"J t tJ"IIru:;i1f)~rttJ~111'l::ii),J ~'l~'l LL~..:J) 

... 
LUf)fL;tJ!Jln11~(;I\~),JU1 = [(8-A) I A] x 100 

.J ... 
L~U'" A = ,j1~Un"llf)-3t)~"Jf)lJLL~"I(Oven dry weight) 

~.., .....caI ~ .... ...J... '" 
B = tJ1,..tJn"llf)-3'lt't~."t't111'l:;f)),J(;l'l"'~'lU"'..:J (Saturated surface dry 

weight) 
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., .. 
'i)1~'8~'n)J)J1"'l1U ASTM C109-07 , 2008 

" O ... .oIIiIi\"" .. _ I ......... 

2. l'l1U1).JU''''U~ L 'D).J'DU~1f)~11tJ1~~,)1~ j;),)LLtJtJ'H~f)ntJ .rl'U 
" 3. L;t;\U131u~~ULnUt:lt:lh~1hUtJUt1fit:l 

,,, .... I 

m 1~flf) nf)uj;)')f)t.n~ 

1. ~fif)nf)u~')f)th:Jtj;ltJL;'!IU1j;1LLtJtJ~fif) 5 x 5 x 5 ~ntJ1fi1nL'lIU~L).Jt;l1 Lj;ltJ 

i~tl\'\f1m;t;l1).Jt1L'111~')U~IA'f)~m1l'l~\,\f)tJL~mL~ 'l~m).J1ru 3 ~')f)th~ LULLPi 

fI~m1~\'\).J 

2. m1~\,\).JLmm1~\,\).Jtj;ltJLf')~-:J~\'\).J Lj;ltJ~\,\).J~,)u~\,\).Ji~~).Jj;lL;r1~')tJfiU 

3. Lf)1~')U~\,\).JfI~LULLtJtJ~fif) l11tJLUL')fl1Uhn\l 2 u1Vi 30 ~u1Vi ~i,m11 
" " " ~\,\).JLL~,) m1,..fif)~~LLU~f)f)nLilU 2 -nu tj;ltJ-nULL1n"'U11.11~).J1ru 1 il') LL~,)L;LLYi~ 

" II" II Sf 

m'~~ -nUfI~ 16 f')f~Lj;ltJ 8 f')f~ LL1n~~ii~fill'l1~~~~1nritJ 8 f')f~,..i-3L,xLLNn1~~~ 

1..1 
.... "I" 1..1 ......... ,./ ;'.J "I" 

"f) 1~).J1ru LLfI~Ll'l1mJL'lflt1(;l ~'L,)fl1 1~).J1ru 5 ,)U1l'l L").J~,)U~f\tJ"lIUl'l 2 ~,.. LfltJ 

'Dt1tJLLtJtJ,..tifHflnUt1tJ LLfl~L;nt1t1t1-3'Dru~n1~Yf-31; LLYi-3n,.~,;~ n1~';~ 16 "'f~ • • • 
.J'" ... ::. .,j .. ""I~"'" 1..1 "/'" "I'" .l'..I 
L"lI'IJ~mntJflNLLm L).Jf)L~14ILLfl,)~'" ~'Lm'm 1~ ~,)ULnUt1t1n ~Uflmtru~fIlt:1'1!.JLflfltJ 

... I CI' "I""'" ." . .. t!-"l .J.t ... .... 
4. "'fI~~1n"'flt1L\'\1~ ~mJ1 t;l,)t1tJ1~"1f)tJLLtJtJ"'flt1LntJ 'J ~Ul'l'Ul'lUl'l LLfI~t1t1(;l 

LLtJtJ tUL,)fI,) 24 i') LtJ-3 UtJ~')f)th~IJif)~Ufl1tJ1~tJ~L,)fl1~n'),..u", U1 ~')f)tl1~ttll'l~\'\t1tJ 

ri1i~ruLLNt1~t~tJL;Lf')1t1-3l'l"'\,\t1tJri1i~ftJLLNt1~ t~tJfl1f'),)1iJf')~'1~Lf')~t1U~~LL~"~LU 
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-L 'l~,)YlYl~~tlll ·Jh~L'l~')f)~')~~f)iltlu~ut:l).JfllltJl 

11'U ± ~ f'lUJ.:J 

31'u ± 1 f'lUJ.:J 

7~U ± 3 {')'UJ~ 

281'U ± 12 f'lUJ.:J 

... • 3.... ,,::. "'l" .1 .. .... " .., .. ::,,,..j 
nllLLllllMtl L"D~~'l~U,)Yl.:J 2 ~nu ~~:::t:l,)~u1')fII't')nL).J~Yl1'1tJ ~'l~U')'t:l.:JLf)ffi.:J).Jt:lYl.:J 2 ~,)UYl 

l).J~~ nllnt1U~'ltlU1.:J,..:::~t:l.:JL1Ull lum1'l"'n",nllLLY1.:J~'ltlU1~ ,,:::t1ftl~tl~'lULLU'l~UUn~1~'t:l.:J 
..., ~ _ .J, !t'I • ..1.... -

Lf)ffi~ Wlm'l~,)Yl L'II LUm7Yl"'~tlllf)'lffi'JYl 20 - 80 'lU1Yl 

• n"finU1CU 

uufin~1LLNn~~~f1"''t')nLf)~~nt'lLL~:::~,)U'lN1U~U'lU,t1~ nt~nf2.JIJit:l~111~ 

L'U~LlJV17 L"'Ul"'~1U'lNfl'l1).J~:::LiiUt'l~~ 0.1 iiL~nf).J vit1V1171~L'U~LlJ(;l7 ~1t1iiL~t11~f)')~ 

~U~1U'lWf)'l12.J~~Lt)tJt'I~~ 1 0 nL~th~f)')~ 

nt1U~'lt:lU1.:J~'W~2.J\l1W'Um1Yl"'~t:lllLLIJi~:::filf~ ~1n;j~~m1Ylt'l~t:lll't:l.:Jnt:lU 
rA''lt:lu')~1~~;jfi1LrlmLlluLnun~1 1 0 LtltlfL';Uf;\'tr3fhL~~U f)'l7~~~~n,)7Yl~~t:lll,rUt:lt:lnLL~::: 
u')nt1u 1 ~l.i).J11' t'lU YlU 
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., .. 
'il1~'il~~1JnJ11J1'31'U ASTM C150-07, 2008 
~ 

"IJ'U "'!l'U n1'~ ""''il~ .. . .. 
1. L~h,l\l'llr~n'1"JitN1u'!l'l"'"Ji'1Lf?lf.)ffiL'fIf "'1~n1~i,nl'1~~n'1'" tl~1~'Wl'1~ 0 ~~ 1 

" " 
2. u~Vinf'i'1m2.J'1f?11 ~ru~lJijLLtl~u'1~uml'1~~n'1'" 

. .. 
3. ;~U'm,rn1LlJ~,n~ijft'l1)Jtl~L;)tJ"'tlf.h.,,jf.)tJ 0.05 nf)J (th~)J1ru 64 nf)J 

~'1~futltlf(JlLLtl~"'.LlJ~~ ~ii~ru~lJijL~tJ'ln~nU ~ru~JJi1'!ltl~~'1~~n1'" 
.... .1'" r"l .l' AI" .,. "I ".1'" .,.. 11 ..,j 4. L(;l2.J~~"JLlJ~(;ltl~ L~'!l'lI1lLLII'll'ltl~~'fItJ 1~'l~tltJ1 L~~~"JLlJ~(;l(Jl1?)'D1~'lI'l11l LlJtl 

" " ~~;L)J~j;J"'12.Jtl~1~u1~~n'1"'i~~lJ'" ~~tJl1I~'1 (Ground Glass Stopper) LL~'lLfif.l'1n'1f11Ll1Im;)tJ~ 

'!l'l '" d~l~'l03 n tl)J1 ~LL ~'n1U LL~'l n~~ LtI)J'1tlf.h~~ '11 "'1~n 1~i~ hiij'ritl03tl'1 n 1 fII~ ~2.J 1"'11 n 

5. 'l1~'!l'l11l LLn'l ~~L.j1 ~tih~ fl'lU f'l2.J~ru~JJij~ n flf~ "'1~n1~i~~ru~JJij'!ltl~ 
" ..J ... 
U1~Un1"'1'l~l'lLLtl~LL(J1n~h~nuYifl'1~rlf~LL1nhjLn~ 0.2 tl~fII1L"JitlL;tJ~ ~~u~;jnl'hm)J'1(J1t'11tl~ 
~ I ~ ~ 

U'1~~n1111 U1 Ltl;~u~;jnfihu1~un L~~ LL~'lU1'!l'l'" Ltl~'1~ Ll1ItJ1;u1~~n1'" 

o 
n1'A1'U~(U 

-p = We/Ve 

Gc = Wei (Ve) * cyw) .. . 
We = U'1~un'!ltl~~~;LlJ~IJl~t; (nf)J) 

Ve = w)J'1(J1ntl~\Iti;LlJ~IJI"'1'1nn'11LLl'l~vl (~nU'1f11nL"Ji~iiLlJIJl1) 

yw = ~ti'ltJ~')\~Un'fl~~1~~ru~JJij 4 fl~fII'Wll~L;tJ~ (ilfl'1L~hrr'U 1 

nf)J r;itl ~nU'1f11nL'~~LlJ(Jl1) 
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., .. 
'B1~'B~"1)J)J1Pl'i11'U ASTM C128-07a, 2008 

t, 
'IUPl'ilUfl'l 'i'Ylft~'il~ 

1. ,j'UJ,)~r.I).J~tJIU~LriU).JltJ1:;).Jlru1 ,000 nT).J 'llntJ';jfinl1L1.tJ~~ ( Method 

of Quartering) ffiULfll~'lU~.h\.u;j:;Ll.nNLllilf 4 

~ t'.......... .J.J .a!.., __ II .J .-
2. "lI~U1~Un"llfl~'l~ Int;UM'Yl'Yl~IlI'l:;'fl).J j;j,)~,)LI.~~U~:;flU'Ylflru~lnJ 110 ± 5 

~ . . . II " '" .. , 
tNfliIL"IIflL-;tJ\1 Ll.t\'')Yi~t,.\'LUUtJ1:;).Jlru 1-3 {'lL).J~ .. .., 

3. "'1fl,ru,j1).J'l~j'l).J~tJ1ultJLI.'lIl.nu,j1Li'JuL'lfl1 24 il) UN 

1.1 "'" 1.1 '1 If... . 4. L 1).J'l~r.I).JIn')mFlffi~L 1~).J"U'fl~ U\1111,):; L~~'fl\1'1:; (Free - Flowing) 

5. nln1In~'flU~IlI,):; 1 ~~~~ 1:;YiI 'l"'tJnl1L 'Yl).J'l~r.I).J~:;Lt1tJ "'~~ 1 Un1'ltJ'Yll1tJ'IU 

II .!' If II ...J 
LL~'l'Yl~ L 'l'lU~ ru~1J).J Fl~'Yl 

I ., ., " 

8. {~~I,jI~,rnn1:;U'flnj;j'l~ ).J'l~1'l).JLL~:;,jI~~~).J'" 

9. L" ).J'l~1'l).J~:; Lt1tJ "''fl'fl n'll n n1:;U'fl n j;j'N 1~1 Utll '" L~~:; LL~'l,j 11tJflu~ 
~ru~JJi1110 ± 5 fl~fIIIL'~L~tJ~ "Ul~~I~,rnfl~~ (flUtJ'1:;).Jlru 24 i'l'()J~) "llmru~~lll";Liju 

.!, S<' I : ..... .GIl .cJ 11 

tJ'1:;).Jlru 1 - 1 ii "lI'l UJ~ LL~'li~~IUI~Un"llfl~).J'l~r.I).J~:;LfltJ"''YlLL~~ 
I ~ ... .Jet ~.J Co' ..J.._ 

1 o. f~~IUI~\In"llfl~n1:;Uflnj;j'N'Yl).J\lI'Yl'1:"'U 500 ).J~. 'Yl).J~ru~1J).JtJ1:).Jlru 

23 'fl~f'lIL"II~L;tJ~ 

• n1'fl1'U'UU .. 
fl'l1).J,i'l~~ILYn:;11~~).J1n (Bulk Specific Gravity) 1\1~IlI'l:;LL";~~'lmj;jlflU 

(Oven-Dried) l"''Iln .. 
fl'll).Jri'l-1~')L'Yn:l1-1~).J"'(Oven--Dried) = A / (8-C) 

'l"'tJ~ A = ~1~,rn'!l'fl~).J'l~r.I).Jt)ULL"'~ (nffi) 

: .... .J": .,_ ~.,J~ .... 
B;a: U1~\In'!l~).J'lfl'1')).J'Yl~1l1'l:;t)).J(;I,)Wl U '\N'Yl~ 1 ut)I nlfII (n'1).J) 

C = ~1~,rn'!lt)~).J'l~'1')).J~~IlI'l:;~).J~') ~h LL "'~i~ 1 U~1 (nT).J) 
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~ 
"U Ail U 0'1 'i'VI ,,'it 'il~ 

1, U1~fl~f)tJWHin~ih)~(UJ1 riU1J~~l-I1~ 1 fl!J . ~. U1IhJ'Vl(;l~f)1Jfl'l1~~~1~~~~ 

LLil'l fl~nLfl£\''1 nUL ,").J'1n~ q (,i\ tl1~).J'1 ru 1 flU.).J. U'1 'ltl'Vl (;l~flU fl'l'1).J~U'1 LL til.! uil'l).J'1t1~ nL",il'1 

nl.!L,").J1n~q(;l 

2. uu,mfl~'fl~ L~tJtI~~LIl'Vl'tlfl1nr.lflmtlu 4 ~'lU L(;lm~fln~'lflth~~1l.!~Nriu 

~ "''' ""~"'''' ... "" ".1' .':' .. "D1).J).J11'l).JnULLfl'lfilqn ~~L"D1nUfln~UL"fl ~~fl~flu~~nflUj;l1~1 n~~'"l1tJfltJ1~'Vl'lCl~ 

3.~'lU~L~~flLLtJn'ltJ~~ '"l1n,ruYh~tJ1 j;l1).J~fi~ 2 '"lUL~~'tl~'lflth~ 50 6j;1~ 
.,., . 

~'1mrUU'12.!fl~flU~'1U'luil1t1vi'1n11LLtJn'tl~,hJ1~n'tlU LLfl~~Lflrl~~imjru~~u1 vitlLtI 

I 
I 

/' 
-----_ ........ 



ll'A~'U1n n.B tlfil11'~~~1-D1t.l-.11t.l'l4'£J( www.price.moc.go.th [2008, October]) 

<CIiI a I .., 

- F1tlt.lm'(;I1J~tlnntl~t.l-.1lJ,)~ L1J1 

362.50 1J1." 

115.30 1J1." 

"Jt.l1(;1 20 X 60 X 7.5 -'lIlJ. j;)11-'lIt1Ltltlf1Ja'tlm'1f\1j;)111-.1LlJ(;I1~~ 210.00 1J1." • 

'lIt.l1(;1 20 X 60 X 7.5 'lIlJ . 1Jl11~,)Fltlt.l 

'lIt.l1~ 20 X 60 X 10.0 'lIlJ. [;l11~,)F1tlt.l 
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111Ae.ru~n n.9 mffiflmLUU~~1,)~,)UtJ~UJ'fl~f'lfl'm1~m.Yl 

Ul1~ l1VUlltlfi') U~~l'lru~ (2550) 
.. .., .., , 
"Ufl8Ufl1188flUlIU8f1111JlUU"". 

1. n')Wl.l£ilm-lJ') ruiiUJu,rn1 41 un ')1 tJ i\-lJ ~f'lf~ (1 ;~')~,.rmiluLn ru"i) 

67 

2. ~,)U,) ru\n~')~un'fl~Vlntl~ IA'fl~ 1 ;"'1') n~ Vl11~,)UVl1')t1 lJjfltn u.Ju,rn n1~U£iI H 

3. ~')U') ru~1~1~Un'f}~~1~"'~ 1 ;~1 n~ V111~,)U~1 ~ii UJulJI~n,)~u£iI H 

"" u.Jfl VT .;;: Vc + Vs +VW (1) 

"'.~ J'"... .. Vc f'lfllJ1lJ11J11LUflUVl'tl'l'llu.JUVl (~U.lJ.) 

"'.~ . .,l" Vs PltllJ1lJ11J17LUflUVl'fl'lVl11t1 (~U . lJ . ) 

'" Vw Pltl WlJ11J11\\1 (~U.lJ.) 
.J 

LlJfl V = M /(Gpw) (2) 

V ~fl WlJ1j;11L~flLL""fl'lt)~£iI (~U . lJ.) • 
'" 

M ~fl ,j'nnrn'fl~t)~"l (nn.) 

, . ... 
UJfl VR == M/PR (3) 

'" '" .. .... .... .... 
MT f'lfl u1~un'fl~')~"lVl~~lJ'" (nn.) 

... , ../" 
PR f'ltl ",)1lJ~U1LLUUVllJltl'lm1 (nn./~u.lJ.) 

6. ~1U')ru~1WlJ,)lJImtl'lL~lJL~~')~~tl~H' VF 

"" UJfl VF = VR - VT (4) 

7. ~1U'lru~1mlJ1ru~11,)lJ~1!.J1 L~lJ~~1-ntun11tJ~lJ, M~'fW 
Lilfl MF+w == VF*1000 / QF (5) 

8. fli1U'lru~1mlJ1ru~1U1t~lJ~'l{, MF 
.J 

u.Jfl MWF == MF+J «W:F)+1) (6) 

'" '" 
9. ~1u')ru~1mlJ1ruu1~1~futJ~lJ,j1U1 t~lJ, MWF 

, 
Ujfl MWF = MF~ «W:F)+1) (7) 

1 O. ufUUn~1JI11~,)UtJ~lJ Lnfl~~1nm1L~lJ~1\nrn'fl~~1LL~~~1t11 t~lJ 
.1" .!'''..I. ... J' 

11.lJ11JUfltlIJl11n,)UtJ~lJ LUtl'I~')nf'l,),)lJ'IIU'!Itl'IVl11tJ 
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., .... 
'a1-11'a-ll"1)J)J1"111u ASTM C177-04, 2008 · 

~ 
'!I U "'aU n11" "jI 'iH 

.... .<11 ... ...1 l~ .. ",.<11...... , 
1. Lln1tJlILI'I1f.l-uJf.l'VI4l:: lI'V1~f.lU L~LLnLfl1f.l~')~~ru'"lJlILLUll Radiator LL'VIU 

u~~un1ru LfI~~t""fI'l'UJffiu (Hot plate) U1~n14'uL'un U1nn1UJ~n ,"u~m~ 
..<11 Jt 'i' , ". I ... 0..01 ., "..1 

2. 'VI1LI'I1tl~,"lJ1tJUUllflU'VI"f\flU ~~tJ ~'!Iu1nn1L).J4ln 'VI1Lfl1fl~,").J1tJ L'l'VI'VI 

.. " .<II 'l" .!"I , ., ... 
n-3n~1-3"Dfl-3n'tlU'VI"'f\flU LYifl "Jl4l::LuU,,,, LUn11'l",~ru'"lJ).J 

3. LtJ"'LfI~-3l~"'l1).Jffiu ~~-3~ru'"lJnLrt~-3B~ 150 fl-31'11L'lIfU;tJ2\ L"~-31'''' 
~ru'"lJij'tutj",ntJLLviu~un1nrtt\'~-34l1m",1fl-3tt\''''l1).Jffiu 1.J1::).J1ru 50 L'lIu;iUJI'I1 HI' 
,"U-3tJ 1-3 f~ulL 'l ru L t\'f\1).J11ClU-3 fl1 LLf\~tJU' "'~4l ::'Vi1 n 11'V1 ~f\fltJ t~ LL~ ::uftJ,"U'ltJ'fl-3 

n111' ~~tu'"lJij Li"JUfl-3 f111 L'lI~ L1tJf\ t~tJ'Vi1n11Yl ~~tN t U~fl~~f\1).J11ClI'I'ltJ fiJ).J~tu'"1Jij 
'.\' .,J ...I 0 

~ 111 fI.:J'VI V1~fl~ L 'l ~,)'VI'V1,) n11'V1 r;t~fl-3 

4.1' "'~ ru'"lJn ~ fl-3 UU ~ n fih 1.)' LL~ 'l1' '" ~ tu '"lJij Lfl1fl-31' ~~ ru '"lJ n 

.<II,,, "..; ..... .... ,,,0,, 
Lfl1tl-3 L,"fI'l1).J1flU L).Jtl~ru'"lJ).J ~.:Jm 150 tl-3f111L'!I~L"JltJf\ L,"U1nflU'Vl"f\fltJ).J1'l1~tJU 

rltlU'VI ",f\fltJ LL~'l~.:J~hufii'lf~ru'"1Jn~1' '" 'l~ 
5. L~fl~ru'"1JiJ~-3;U t~Li).J~hn114'uL'l~1 LL~tYi1n11 ... ",uuYim'lfl1 L~fl 

~ru'"lJiJL~).J~U 35-45 fl-3f111L'lI~L~tJf\ 4lU~ru'"1JiJ 1~Pl1).J~fl.:Jn1~.:J,"~~n11Yl~~fl-3 
6. ~1n11'Vl "'f\flUntlU'Vl "'~tlulJifl hJ 'l"'tJ4' '" n11'Vl"'~tltJt ~~1 LLM"Dfl-3 Ll'lifl.:J-J '" 

......1.. " ..I 0"; 1" 
~tu'"lJ).J 1'1 n'Vl n~ n ~ 1-3 nflU'Vl "'f\fltJ'Vl'Vl1 LfiWtl.:J,").J1 tJ 'l L~).Jfl 
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.. .. 
'il1.:J'il.:JPl1JnnPl1111,J ASTM C 177-04 , 2008 

.. 
1. L~iffi~lKtJ'flth-1f;11JJJJ1f;1f11U 1VltfLUmf'VIVlatHuL-i'lA''J'flt.h--1'11U1Vl1 0 x 10 

x 30 l;rlr1'1L'IIU~iL~(;]1 

2. L'VI~'lt)!h'l~'1LUU,UUU,~:;~'1H 24 -i'l'UJ'I 
I .. 

3. y'hmnh.JH 48 {'l'UJ'I ± 30 u1fi LUftJ11V.U,'lhl, 

4. nt)~u,uut)t)n~'n~'lt)~''1 
o tV..... ..,.d ., 

5. 'VI'm1'l~Fl1"'~'1~'nnt)c;lLLUU LL~:;'l~f1''VI 4, 11,\ 18 LL~:; 25 'lU 
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... ... -J ..1..1 ~. I ... ..I., ..I , ... 
f;t1'l1~'VI ~.2 tltJI1'l'ri'lU~~2-J 'YlLL'YlU'Yl'1ltl~Li'itJu1:;LJl'Ylllfnnn~'l~ tJI n'Yl1tltl~:;n'l1U. 'YlU'Yl tJI'l~1 nu 

~'l~'lUU 7, 14 u.~:; 28 1'u. 

~'lU~~2-J 
€J;l1'l~'lU 

m2-J'ltU .- U12-J'l(;l1 .,. , - 0 , 
(;l'ltltJ'l~ .. '1IU'l11\ U'ltJItl 

~ ~ ~ 0 

L~2-J ~tl~L~tJ 1')).1 
..I U'IL2-JUlJI 'Yl1'ltJ U'l ., .,.. , , ,!f)~L~tt 'l~'1 

~ ~ (tl1J.).I.) (nn.) (nn.) (nn.) (nn.) 'Yl u. 'YlU'Yl 
tJ1:;~'lU (~·m,) 

(nn.) 

A 400 600 86 40 0 4.75 0.3 1.02 

B 400 600 93.1 32.9 8 4.75 0.3 1.02 

C 400 600 100 25.9 16 4.75 0.3 1.03 

0 400 600 107 18.9 24 4.75 0.3 1.03 

E 400 600 111 35 0 4.75 0.35 0.97 

r 400 600 118 28 8 4.75 0.35 0.98 

G 400 600 125 21 16 4.75 0.35 0.98 

H 400 600 132 14 24 4.75 0.35 0.99 

I 400 600 132 33.6 0 4.75 0.4 0.97 

J 400 600 139 26.6 8 4.75 0.4 0.98 

K 400 600 146 19.6 16 4.75 0.4 0.98 

L 400 600 153 12.6 24 4.75 0.4 0,99 



j, 

1Ji1~1 n'IJ ~'l~1tl~ 7 t)'IJ tllRnri'l'IJ,j11Ji~t)f\"Jtl1::;f\1'IJ 0.3 

" . ... 
...I ' 

L~tlY1UVluYI 
U1'1-lUn 

(ffitJt~~) 

A1 5.0*5.0*5.0 125.0 252.0 

0% A2 5.0*5.0*5.0 125.0 245.0 

A3 5.0*5.0*5.0 125.0 242.0 
, ... 

1'l1LilfitJ 125.0 246.3 

S.D 0.0 5.1 

10% B1 5.0*5.0*5.0 125.0 203.0 

B2 5.0*5.0*5.0 125.0 210.0 

B3 5.0*5.0*5.0 125.0 213.0 
, ... 

fl1Lilfitl 125.0 208.7 

S.D 0.0 5.1 

20% C1 5.0*5.0*5.0 125.0 232 

C2 5.0*5.0*5.0 125.0 229 

C3 5.0*5.0*5.0 125.0 222 
, ... 

1'l1Lilfitl 125.0 227.7 

s:o 0.0 5.1 

30% 01 4.9*5.0*5.0 122.5 213.0 

02 5.0*5.0*5.0 125.0 219.0 

03 5.0*5.0*5.0 125.0 216.0 
, ... 

fl1Lilfltl 124.2 216.0 

S.D 1.4 3.0 

1'l'l1'-l'l-lU1UtiU 

(nLfin1'-ll1ifl 

fitJ .'-l .) 

2016.0 

1960.0 

1936.0 

1970.7 

41 .1 

1624.0 

1680.0 

1704.0 

1669.3 

41.1 

1856.0 

1832.0 

1776.0 

1821.3 

41 .1 

1738.8 

1752.0 

1728.0 

1739.6 

12.0 

24.5 

30.0 

27.8 

27.4 

2.8 

29.4 

22.6 

26.0 

26.0 

3.4 

22.8 

21 

30.1 

24.6 

4.8 

20.8 

23.2 

24.8 

22.9 

2.0 
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(nLfin1'-l 

l1itlPl1.'lI'-l .) 

99.90 

122.32 

113.35 

111 .9 

11.3 

119.9 

92.2 

106.0 

106.0 

13.9 

92.97 

85.63 

122.73 

100.4 

19.6 

84.81 

94.60 

101.12 

93.5 

8.2 



.. 
j;h~1 n\lL'l~1U).J 14 1'\1 t1j;\l1ft'l\l,j1~tl1'~~11~~~1\1 0.3 

unJ1cu~tl~ 

L~tJ~UVlU~ 
(ffim~~) 

0% 

10% 

- . 

200/0 

30% 

A1 5.0*5.0*5.0 125.0 

A2 5.1 *5.0*5.0 130.1 

A3. 5.1 *5.0*5.0 130.1 

fi1L~~tI 128.4 

S.O 2.9 

81 5.0*5.0*5.0 125.0 

82 5.0*5.0*5.0 125.0 
-- ... ~ ... - . . 

B3 5.0*5.0*5.0 125.0 

fi1L~~tJ 125.0 

S.D 0.0 

C1 '5.0*5.0*5.0 125.0 

C2 5.0*5.0*5.0 125.0 

C3 5.0*5.0*5.0 125.0 

fi1L~~tJ 125.0 

s.b 0.0 

01 4.9*5.0*5.0 122.5 

02 5.0*5.0*5.0 125.0 

03 5.0*5.0*5.0 125.0 

1'i1L~~tJ 124.2 

S.O 1.4 

(n1J.J) 

244.0 

242.0 

236.0 

240.7 

4.2 

215.0 

214.0 

220.0 

216.3 

3.2 

232 

240 

230 

234.0 

5.3 

215.0 

221.0 

224.0 

220.0 

4.6 

fl'l1~"'U1utiU 

(iiL£m1~,)tl 

~1J.~ . ) 

1952.0 

1860.8 

1814.7 

1875.8 

69.9 

1720.0 

1712.0 
.. 

1760.0 

1730.7 

25.7 

1856:0 

1920.0 

1840.0 

1872.0 

42.3 

1755.1 

1768.0 

1792.0 

1771.7 

18.7 

30.8 

33.6 

29.2 

31.2 

2.2 

30.0 

32.8 

36.0 

32.9 

3.0 

32.6 

35 

26.1 

31 .2 

4.6 

36.2 

25.1 

36.5 

32.6 

6.5 

73 

125.6 

131 .7 

114.4 

123.9 

8.7 

122.3 

133.7 
- -

146.8 

134.3 

12.2 

132.9 

142.7 

106.4 

127.4 

18.8 

150.6 

102.3 

148.8 

133.9 

27.4 
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.. 
~1-31 nUL'l~11ilJ 281'u ti"11~'lU,j1,jtl1'~'H~lh'::f%1U 0.3 

. '" '" miHnJ 
m~1ru'lltl.:J ., "''l1~~U1L1.UU 

.J • ,J'ltlth.:J m~11Jl1 u1~l1n L1.Nn(;l L1.Nti" 
Li4U'Yl LI. 'YlUYl .J 'IIU1(;1 (mflnf~~tl 

VI (flu.'nJ) (n1lJ) (nLflU'liu) (nLflntlJ 
(~Ufl::) flU .~ .) 

~tl1Jl1.'D~ . ) 

A1 5.0*5.0*5.0 125.0 250.0 2000.0 44.8 182.7 

0% A2 5.0*5.0*5.0 125.0 241 .0 1928.0 39.0 '159.0 

A3 5.0*5.0*5.0 125.0 233.0 1864.0 34 138.6 

'hL~~U 125.0 241 .3 1930.7 39.3 160.1 

S.D 0.0 8.5 68.0 5.4 22.0 

10% 81 5.0*5.0*5.0 125.0 246.0 1968.0 40.0 163.1 

82 5.0*5.0*5.0 125.0 235.0 1880.0 34.5 140.7 
.- - " -- , - - - , . 

B3 5.0*5.0*5.0 125.0 229.0 1832.0 29.0 118.2 

'hL~~U 125.0 236.7 1893.3 34.5 140.7 

S.D 0.0 8.6 69.0 5.5 22.4 

20% C1 5.0*5.0*5.0 125.0 222.0 1776.0 38.6 1"57.4 

C2 5.0*5.0*5.0 125.0 238.0 1904.0 31.6 128.8 

C3 5.0*5.0*5.0 125.0 224.0 1792.0 27 110.1 

f'i1L~~U 125.0 228.0 1824.0 32.4 132.1 

s .b 0.0 8.7 69.7 5.8 23.8 

30% 01 5.0*5.0*5.0 125.0 228.0 1824.0 22.1 90.11 

02 5.0*5.0*5.0 125.0 211 .0 1688.0 28.5 116.21 

03 5.0*5.0*5.0 125.0 218.0 1744.0 23 93.78 

1'i1L~~U 125 219.0 1752.0 24.5 100.0 

S.D 0.0 8.5 68.4 3.5 14.1 



" c;i1-31 nUL,)~11..bJ 7 1'1.1 .a~11~,)UU1c;i~1'~"l1..l1:~1U 0.35 

(nfJJ) 

E1 5.0*5.0*5.0 125.0 236.0 

0% E2 5.0*5.0*5.0 125.0 238.0 

E3 5.0*5.0*5.0 125.0 259.0 

125.0 244.3 

S.D 0.0 12.7 

10% F1 5.0"5.0*5.0 125.0 252.0 

F2 5.0*5.0*5.0 125.0 252.0 
. ... . ... .... ...... ..- - -- -- --

F3 5.0*5.0*5.0 125.0 237.0 

1'i1Lll~U 125.0 247.0 

S.D 0.0 8.7 

20% G1 5.0*5.0*5.0 125.0 229.0 

G2 5.0*5.0*5.0 125.0 247.0 

G3 5.0*5.0*5.0 125.0 222.0 

1'i1Lll~U 125.0 232.7 

S:D 0.0 12.9 

30% 4.9*5.0*5.0 122.5 185.0 

H2 4.9*5.0*5.0 122.5 195.0 

H3 4.9*5.0*5.0 122.5 195.0 
, ... 

1'11LllfltJ 122.5 191 .7 

S.D 0.0 5.8 

"',)1JJ~\.n u tiu 

(nt~nf).J~fl 

~1J . ).J.) 

1888.0 

1904.0 

2072.0 

1954.7 

101 .9 

2016.0 

2016.0 

1896.0 

1976.0 

69.3 

1832.0 

1976.0 

1776.0 

1861.3 

103.2 

1510.2 

1591 .8 

1591.8 

1564.6 

47.1 

31 .6 

38.4 

29.2 

33.1 

4.8 

29.0 

27.2 
---

33.6 

29.9 

3.3 

27.7 

26.1 

19.7 

24.5 

4.2 

20.4 

20.8 

26.7 

22.6 

3.5 

75 

L1Nt11'1 

(f1Lflnf).! 

iJlflIJl1."II).J.) 

128.85 

156.57 

119.06 

134.8 

19.5 

118.25 

110.91 

137.00 

122.1 

13.5 

112.95 

106.42 

80.33 

99.9 

17.3 

84.88 

86.54 

111 .09 

94.2 

14.7 



.. 
Pi1~1 nl.WlfnUlJ 14 1''\.1 tlIJl11~lJ'\.I\hPif}1'~"lth'::~1'\.1 0.35 

(n1l.l) 

E1 5.1 *5.0*5.0 127.5 236.0 

0% E2 5.1*5.0*5.0 127.5 235.0 

E3 5.1*5.0*5.0 127.5 252.0 

fl1Lll~[J 127.5 241 .0 

S.D 0.0 9.5 

10% F1 5.0*5.0*5.0 125.0 235.0 

F2 5.0*5.0"5.0 125.0 253.0 
. -- .. . . .. 

F3 5.0*5.0*5.0 125.0 248.0 
I ... 

125.0 245.3 1'l1Lll~[J 

S.D 0.0 9.3 

20% G1 4.9*5.0*5.0 122:5 235.0 

G2 4.9*5.0*5.0 122.5 235.0 

G3 4.9*5.0*5.0 122.5 226.0 

fl1Lll~[J 122.5 232.0 

s.b 0.0 5.2 

30% H1 4.9*5.0*5.0 122.5 205.0 

H2 4.9*5.0*5.0 122.5 195.0 

H3 4.9*5.0*5.0 122.5 186.0 
I ... 

f'l1 LllflU 122.5 195.3 

S.D 0.0 9.5 

f'l'l1lJl".n LL tit.! 

(iitfmflJlJitl 

~u . lJ.) 

1851.0 

1843.1 

1976.5 . 

1890.2 

74.8 

1880.0 

2024.0 

1984.0 

1962.7 

74.3 

1918.4 

1918.4 

1844.9 

1893.9 

42.4 

1673.5 

1591.8 

1518.4 

1594.6 

77.6 

35.5 

35.8 

30.2 

33.8 

3.2 

35.1 

30.2 

32.0 

32.4 

2.5 

29.5 

37.4 

27.2 

31.4 

5.4 

25.4 

22.5 

27.6 

25.2 

2.6 

76 

rnt~nflJ 

')tlIJl7.'!lJ.) 

141 .9 

143.1 

120.7 

135.2 

12.6 

143.12 

123.14 
-

130.48 

132.2 

10.1 

122.74 

155.61 

113.17 

130.5 

22.3 

105.68 

93.62 

114.83 

104.7 

10.6 
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..a ,0... ... ... s- ...I ~ U ... ...Is- ...I 
j;n'l1~" r.I.8 fnm~~~ULLNfll1I l1I')tJLLVlUVl"JIfl~L tJ ~::LJ1V11l~'lnv.~'l~j;JnVlffitJ~::n'l1LLVlUVl 

., 
~'l~1 riUL,)~'l1hJ 28 t)U -aj;J1'l~')U,j'l~f1t)~~U1::~'lU 0.35 

. ... ... 
n1~.:Jru 

tfhntu'!ltl.:J " R'l1~,"U1 U tiu 

a..j ..j 
i'ltlth.:J tl'1~1l'11 u1,"un UNnl'l UNtll'l 

L U'VIU'VIU'Vl ..j '!IU1'" (nL~nf~~tl 
'VI {~1J . 'JI).J} (nf).J) (iiL~u'liu) (nL~nf).J 

(ffiu~::) ~1J . ~.) 
IJitll'l'.'JI~ .) 

E1 5.1 *5.0*5.0 122.5 247.0 2016.3 42.5 176.83 

0% E2 5.1 *5.0*5.0 122.5 237.0 1934.7 52.5 218.44 

E3 5.1 *5.0*5.0 122.5 248.0 2024.5 45.6 . 189.73 

I'hLil~U 122.5 244.0 1991 .8 46.9 195.0 

S.D 0.0 6.1 49.7 5.1 21 .3 

10% F1 5.0*5.0*5.0 125.0 243.0 1944.0 37.1 151.27 

F2 5.0*5.0*5.0 125.0 242.0 1936.0 33.8 137.82 
- _ .. .. _. .. ... --- --

F3 5.0*5.0*5.0 125.0 238.0 1904.0 49.5 201.83 

1'l1Lil~U 125 241.0 1928.0 40.1 163.6 

S.D 0.0 2.6 21.2 8.3 33.8 

20% G1 4.9*5.0"5.0 122.5 226.0 1844.9 38.2 158.94 

G2 4.9*5.0*5.0 122.5 222.0 1812.2 41 .3 171.84 

G3 4.9*5.0*5.0 122.5 238.0 1942.9 33.6 139.80 
, ... 
R1Lil~U 122.5 228.7 1866.7 37.7 156.9 

S:D 0.0 8.3 68.0 3.9 16.1 

30% 1=11 4.9*5.0*5.0 122.5 208.0 1698.0 27.1 112.75 

H2 4.9*5.0*5.0 122.5 214.0 1746.9 34.2 142.30 

H3 4.9*5.0*5.0 122.5 223.0 1820.4 28.7 119.41 
, ... 

r'l1LilfUJ 122.5 215.0 1755.1 30.0 124.8 

S.D 0.0 7.5 61.6 3.7 15.5 



., 
~h~, nUL'l~1UlJ 7 1'\1 t1(;ln~'l\lU1~tl1'~~1.h'::~1\1 0.40 

" . ... l.n,..un 
'lIU1~ 

(~tJ.·nJ) (n1)J) 

11 5.0*5.0*5.0 125.0 230.0 

0% 12 5.0*5.0*5.0 125.0 227.0 

13 5.0*5.0*5.0 125.0 205.0 
. .. 
fl1L~~tI 125.0 220.7 

S.D 0.0 13.7 

10% J1 5.0*5.0*5.0 122.5 213.0 

J2 5.0*5.0*5.0 122.5 221 .0 

J3 5.0*5.0*5.0 122.5 221 .0 

122.5 218.3 

S.D 0.0 4.6 
-, 

" -

20% K1 5.0*5.0*5.0 122.5 205.0 

K2 5.0*5.0*5.0 122.5 , 223.0 

K3 5.0*5.0*5.0 122.5 222.0 

122.5 216.7 

0.0 10.1 

30% - L1 4.9*5.0*5.0 122.5 195.0 

L2 4.9*5.0*5.0 122.5 205.0 

L3 4.9*5.0*5.0 122.5 200.0 
. .. 

1'I1L~fltJ 122.5 200.0 

S.D 0.0 5.0 

R'l1).JW1 LLtlU 

(iiL~n1).J1'if) 

~tJ . ).J.) 

1840.0 

1816.0 

1640.0 

1765.3 

109.2 

1738.8 

1804.1 

1804.1 

1782.3 

37.7 

1673.5 

1820.4 

1812.2 

1768.7 

82.6 

1591.8 

1673.5 

1632.7 

1632.7 

40.8 

25.2 

21.9 

21.4 

22.8 

2.1 

25.2 

20.9 

24.6 

23.6 

2.3 

23:5 

18.7 

26.8 

23.0 

4.1 

15.6 

18.8 

14.4 

16.3 

2.3 

78 

(iiL~nhJ 

I'ifl~'.'!I).J . ) 

102.75 

89.30 

87.26 

93.1 

8.4 

104.85 

86.96 

102.35 

98.1 

9.7 

97.78 

77.80 

111 .51 

95.7 

16.9 

64.91 

78.22 

59.91 

67.7 

9.5 
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... I 0 ., ;., . ., ..J SI ~ U ... ..JSI ..J 
"1'l1.:1" e.t.10 fl1n1tNnJUNtl" LL'Vl'U'Vl"'JtJ1Itl-3L tJ r~Lll'Vl~~1nVi~1t'1j;Jn'VlffitJ~~n1rU'Vl'U'Vl .. 
~1~1 n'UL'J~1tbJ 14 rl\A tr~11~'J'UU1~tlrlt'l~U1~t'l1'U DAD 

. ... ... 
mfl~ru 

m)'!1ru~!l~ .....• 
s- f'I'l1)'!~l.I1LLtil.l 

• .j I'i'l!lf.h~ .'. m)'!11J11 ,j1~un LLNnl'l LLNtl'" 
~f..IYlLLVll.IVI .j ~l.I1'" (ntflnffi ~!l 

(ntfmf~ VI (flU. 'II),!) (nf;.J) (ntflu'lil.l) 
(1!lf..lfl~) flU .).!.) 

~f)IJ1' . '!I)'!.) 

11 5.0*5.0*5.0 125.0 219.0 1752.0 23.1 94.19 

0% 12 5.0*5.0*5.0 125.0 233.0 1864.0 26.7 108.87 

13 5.0*5.0*5.0 125.0 212.0 1696.0 22 89.70 

"1L~~f..I 125.0 221.3 1770.7 23.9 97.6 

S.D 0.0 10.7 85.5 2.5 10.0 

10% J1 5.0*5.0*5.0 122.5 218.0 1779.6 27.6 114.83 

J2 5.0*5.0*5.0 122.5 232.0 1893.9 25.1 104.43 
... --. .. - ~.-

_ .. ... . _- " .. ... ... 

J3 5.0*5.0*5.0 122.5 225.0 1836.7 29.5 122.74 

";1L~~f..I 122.5 225.0 1836.7 27.4 114.0 

S.D 0.0 7.0 57.1 2.2 9.2 

. ' 

20% K1 '5.0*5.0"5.0 122:5 206.0 1681.6 18.9 78:64 

K2 '5.0*5.0*5.0 122.5 207.0 1689.8 28 116.50 

K3 5.0*5.0*5.0 122.5 213.0 1738.8 22 91 .54 

"1L~~f..I 122.5 208.7 1703.4 23.0 95.6 
' . .-

S.b 0.0 3.8 30.9 4.6 19.2 

30% L1 4.9*5.0*5.0 122.5 196.0 1600.0 18.8 78.22 

L2 .. 4.9~5.0*5 .0 122.5 207.0 1689.8 14.8 61 .58 

L3 4.9*5.0*5.0 122.5 202.0 1649.0 23.9 99.44 
. ... 

f'l1L~flf..l 122.5 201 .7 1646.3 19.2 79.7 

5.D 0.0 5.5 45.0 4.6 19.0 



80 

... I 0 ...... ... .J" . ~ tJ ... .J" ..I 
Pl1'l1./1Y1 ~.11 fil1m~~nJLLNtl(;l LLYlUYl~'ltl")ltl~L tI 1::UlYl~~1n""~1~lJInYl1fltl~::m1LLYlUYI ., 
(;h~1 nUL'l~11..i).J 28 t)u t1~11~'lUU1(;\tlt)~~tJ1::~1U DAD 

. ... ... 
mfl-3n.J 

m~1tU'!Jfl.:J . :.- . 

" fil'l1~~l.nLl.tiu 
I ..I lJi'ltlth~ 1f1~1"'" . u1",un Ll.Nnl'l Ll.Ntl" 

L~tJYI Ll.Y1UVl ..I '!JU1Ci1 (mflnf~tJitl 
VI (fl1J.'I!~) . (nf~) (ntflihlJiu) (nt~nffi 

(~tltJfl:::) fl1J.~.) 
I'lfl"'7.'I!~.) 

11 5.0*5.0*5.0 122.5 214.0 1746.9 28.2 117.33 

0% 12 5.0*5.0*5.0 122.5 226.0 1844.9 41.5 172.67 

13 5.0*5.0*5.0 12-2.5 220.0 1795.9 29.5 122.74 

fli1L'l~tJ 122.5 220.0 1795.9 33.1 137.6 

S.D 0.0 6.0 49.0 7.3 30.5 

10% J1 5.0"5.0"5.0 122.5 210.0 1714.3 34.0 141.46 

J2 5.0*5.0*5.0 122.5 225.0 1836.7 34.4 143.13 

J3 5.0*5.0*5.0 122.5 218.0 1779.6 26.4 109.84 
I ... 

f'l1L'lfltJ 122.5 217.7 1776.9 31.6 131.5 

S.D 0.0 7.5 61.3 4.5 18.8 

20% K1 5.0*5.0*5.0 122.5 223.0 1820.4 26.8 111 .51 

K2 5.0*5.0*5.0 122.5 213.0 1738.8 26.3 109.43 

K3 5.0*5.0*5.0 122.5 212.0 1730.6 34.7 144.38 

fi1L'l~tJ 122.5 216.0 1763.3 29.3 121.8 

s:b 0.0 6.1 49.7 4.7 19.6 

30% L1 4.9*5.0*5.0 122.5 203.0 1657.1 22.4 93.20 

L2 4.9*5.0*5.0 122.5 189.0 1542.9 18.7 77.80 

L3 4.9*5.0*5.0 122.5 . 204.0 1665.3 28.7 119.41 

1'i1L'l~tI 122.5 198.7 1621.8 23.3 96.8 

S.D 0.0 8.4 68.5 5.1 21 .0 
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..a I ~:-.J.J ~. I . ... .Js- .J I 

Pl1n~YI ~ .12 f'l1m1':lf'l"JI~U1YlUYlUYl'D~.:J L\'lf.JlJ1::LI1Yl~~'ln~ft1~ j;JnYlffif.J~::n11U YlUYlIJl1.:J1 

nUL'l~1U~ 7 r)U 

.. .. ." ffitJ~::n11 .. 
0 .. .. I 0 .. .. .. 0 

.J U" \1 un lJl'ltlf.J1~ u,,\1Un\1M ",- :. ~. " n11':l"''D~U'' .. I '.: ",,;n,u,, [;l'ltltJ1-3'Vl 
ntlutlu (nf)J) tlU (nf)J) 

.. . 
(nt~nf)J IJitl ~u.)J) . .J 

.. L~~fJ 

A 224 243 8.48 241.21 

B 194 220 13.40 218.45 

C 228 249 9.21 247.18 
. _ .. - ... -_.- . - - - - --- --- -. - - .-- '- - -_. -- ---- _.-- -

0 224 245 9.38 243.21 

E 224 254 13.39 252.21 

F 228 253 10.96 251.18 

G 219 248 13.24 246.25 

H 181 210 16.02 208.55 

I 189 210 11.11 208.49 

J 214 235 9.81 233.29 

K 205 235 14.63 233.36 

L 196 224 14.29 222.43 



"1fi~;I ~ .13 foh n1 ~r:I (;l;lJ~'1~ u 'VI'W~"JIfl-3 L~mJ~::Lfl'VI~f4'1nYif4'1~ ~ n~ffi~f4::fi'l~LL 'VI'W~ ~'1-31 
ntWlf4'1UlJ 141'\.1 

.. . .,., . 
'U'1 YI 'Wn IWltl tI 1-3 

.. 
U1Y1UnYltr-3 

.. 
,.' n'11r:1~;lJU1 

82 

rifl'Wfl1J (nflJ) fl1J (nflJ) (~t~nflJ ~fl f41J.lJ). 

A 223 250 12.11 248.22 

224 258 15.18 256.21 

c 234 258 10.26 256.13 

D 230 254 10;43 252.16 

E 220 248 12.73 246.24 

F 222 249 12.16 247.22 

G 211 236 11.85 234.31 

H 179 208 16.20 206.57 

216 244 12.96 242.27 

J 210 233 10.95 231.32 

K 199 227 14'<l7 225.41 

L 198 225 13.64 223.42 



83 

... I ~:..I..I ~. I ... ..I" ..I I • 

pt1"~YI e.I.14 fI'1m1~~"DlJU'1'YlU'YlU'Yl'lltl~L\'ltJu1::LJl'Yl~~'1n'Yi~'1~(;In'Yl1tltJ~::m1U'YlU'Yl(;l1~' 

n\lL~~1UlJ 28 t)U 

., ., 1tltJ~::m1 ., . 
0 .. '" I 0 .. ., .. 0 

..I U1,.,un IWltltJ1~ U1,.,un,.,~~ .. " n'11~~1)'!UT ·' ., I 0 

(;I,)'£Itl1~'Yl ~~"JlJU1 .'". 

ntlUtlu (nf).!) tlU (nffi) ..I rnt~nhJ ~tl ~U.).!). ·· 
L~~tJ 

A 221 252 14.03 250.23 

B 200 232 16.00 230.40 

c 234 258 10.26 256.13 
- ... ... .. _ .. .. . .. - .- .-. --- ._. - .. 

0 225 250 11.11 248.20 

E 217 248 14.29 246.26 

F 222 255 14.86 253.22 

G 214 241 12.62 239.29 

H 183 214 16.94 212.54 

I 206 239 16.02 237.35 

J 210 240 14.29 238.32 

K 218 254 16.51 252.26 
-:. 

L 196 226 15.31 224.43 



84 

.. ",J ..I..J ~., ..., ., 
(;11'11-1" ~.15 flVl~l'I'llJ~~l-I YlLLYllJYl'1lfl.:JL~t11J~:;I.flYl~~1n'Yi~1~l'ln"n.l1 I?llWN1 nu 

Lll~1Ul-l 7, 1-4 ~L~:; 281''1.1 

~'llJ~~l-I 
t1ti1rt~'lU 

ml-l1n.1 '" tIh11r11 ., , • , 
lWJfltl'N '" '1IlJ1{;1 lJ11'lfl 

~lJ; Ll-J lJt;I 
• t~l-I '1Ifl.:JL~t1 1')l.I ..J Yl~t1 lJ1 

Yl "JIfl.:J.L-~t1 tlft{;l 
..J ../ • (~1J.l-I.) (nn.) (nn.) (nn.) (nn.) YlLLYllJYl 

lh:;~1U (l-Il-I.) 
(nn.) 

M 400 600 76 50 16 9.4 0.3 1.35 

N 4DD 6DD 76 "5D 16 4.7"5 D.3 1.3"5 

0 400 600 76 50 16 2.36 0.3 1.35 

P 400 600 96 50 16 9.4 0.35 1.37 
~ ~-

Q 400 600 96 50 16 4.75 0.35 1.37 

R 400 600 96 50 16 2.36 0.35 1.37 

S 400 600 116 50 16 9.4 0.4 1.39 

T 400 600 116 50 16 4.75 0.4 1..39 

U 400 600 116 50 16 2.36 0.4 1.39 
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P1'lcn~;I ~.16 rhih~~ftJLLNt1(;\ LL'VlU~~')tJ"JJtl~L~mJ),:;LJl'Vl~~1nYi~1~~n~"JJU1(;\vh~1 flU 

" L')tnUlJ 7 tlU t1V1n~')U,j1c;i'E}tl~~ph:;~1U 0 .3 

....... 
mMnJ 

'DU11'1'Dtl~ 1; "',)1~~U1 LLUU 

L~tJ 
i'ltlth~ m~"lJl'1 u.,~l!n LLNnl'l LLNtll'l 

.J 'DU11'1 (f1tfln1~rAtl 
Yl (flU. 'II);!) (n1);J) (iitflihiu) (iitflnf~ 

(ilfl~~tJ1'1) fl1J.~.) 
IJItl~,."lI~ . ) 

M1 5.0*5.0*5.0 125.0 186.0 1488.0 7.9 32.21 

M2 5.0*5.0*5.0 125.0 184.0 1472.0 11 .4 46.48 

M3 5.0*5.0*5.0 125.0 191 .0 1528.0 12.1 49.34 
-9.4 

f'i1L~~tJ 125.0 187.0 1496.0 10.5 42.7 

S.D 0.0 3.6 28.8 2.3 9.2 

N1 5.0*5.0*5.0 125.0 182.0 1456.0 4.5 18.35 

N2 5.0*5.0*5.0 125.0 189.0 1512.0 3.0 12.23 

N3 5.0*5.0*5.0 125.0 201 .0 1608.0 3.2 13.05 
4.75 , ... 

"'1L~fltJ 125.0 190.7 1525.3 3.6 14.5 

S.D 0.0 9.6 76.9 0.8 3.3 

01 4.8*5.0*5.0 120.0 161 1341.7 3.2 13.05 

02 4.8*5.0*5.0 120.0 161 1341.7 3.2 13.05 

03 4.8*5.0*5.0 '120.0 164 1366.7 3 12.23 
2.36 , ... 

Fl1L~fltJ 3.1 12.8 120.0 162.0 1350.0 

S:D 0.0 1.7 14.4 0.1 0.5 
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~1'M~;1 u.17 ;;hri'ltr~f1JLLNti", ~'lmL'Vl\,l~'tl~L~mJ1~Lfl'Vl~~1n'W~1~~n~'ilU1"'vh~1 n\,lL'l~1 
" U)J 14t)\,I tiVlrl~'l\,l,j1IRtlt)~PJlb~~1\,1 0.3 

1ll~1ru1ltl~ 
~..J ..J 

LntJVI LLVIUVI 

4.75 

2.36 

M1 

M2 

M3 

N1 

N2 
.. ~.-

N3 

01 

02 

03 

1IU1111 
1ll~1tJ11 

(ft1J .'I!~) 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 

~1Lll~tJ 125.0 

S.D 0.0 

5.0"5.0"5.0 125.0 

5.0*5.0*5.0 125.0 
- . .-~-. 

., . ... - - - - -

5.0*5.0*5.0 125.0 

';1Lll~tJ 125.0 

S.D 0.0 

4.8*5.0·5.0 120.0 

4.9*5.0*5.0 122.5 

4.8*5.0*5.0120.0 
. ... 

f'l1LllfttJ 120.8 

1.4 

\' .. 
U1~un 

(n1).J) 

181 .0 

206.0 

208.0 

198.3 

15.0 

194.0 

196.0 
- . -_ ... 

191 .0 

193.7 

2.5 

161 .0 

164.0 

'157.0 

160.7 

3.5 

f'I,)1~~\,I1 LL tiu 

(ntftn1~~tl 

ft1J . ~ . ) 

1448.0 

1648.0 

1664.0 

1586.7 

120.4 

1552.0 

1568.0 
. ... 

1528.0 

1549.3 

20.1 

1341.7 

1338.8 

1308.3 

1329.6 

18.5 

LLNnl'l 

14.4 

16.7 

14.9 

15.3 

1.2 

4.8 

5.2 
- - -.-

6.2 

5.4 

0.7 

"5.2 

5.4 

6.0 

5.5 

0.4 

. .,.; 
m~~ru 

LLNtll'l 

(nLftn1).J 

~tltJ11.'I!~.) 

58.7 

68.1 

60.8 

62.5 

4.9 

19.6 

21 .2 
.. _-- .. ' 

25.3 

22.0 

2.9 

21.2 

22.0 

24.5 

22.6 

1.7 
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~1TH;; ~.18 ,.hri'Hr~fl.JUNt1~ LL'VlU~')tJ~'tl~L~mJ1~Lil'Vlil~1nYi~'1~~fi~'U1;'~1~1 nu .. 
L'l~'1th.J 281'u t1j;\1'1fbuinr;itl1'~~t11~~,)U 0.3 

ml.J1N 

~fNL-a£.l~ 

4.75 

2.36 

'111..11(;1 

M1 4.9.0*5.0*5.0 122.5 

M2 4.9.0*5.0*5.0 122.5 

M3 4.9.0*5.0*5.0 122.5 

fi1L~~£.1 122.5 

S.D 0.0 

N1 5.0*5.0*5.0 125.0 

N2 5.0*5.0*5.0 125.0 
~ .. _ .. ----. ~ . 

N3 5.0*5.0*5.0 125.0 

fi1L~~£.1 125.0 

S.D 0.0 

01 4.8'"5.0*5.0 120.0 

02 4.8*5.0*5.0 120.0 

03 4.9*5.0*5.0 122.5 
- ,_ ..... . .. 

fi1L~~£.1 120.8 

S.b 1.4 

(nf~) 

202.0 

202.0 

199.0 

201.0 

1.7 

198.0 

202.0 
~. .. --- - - -

200.0 

200.0 

2.0 

172.0 

165.0 

'178.0 

171.7 

6.5 

. ~ 

P'I'l 1 l.J'WI .. 11 uti1..l 

(mflnfl.J~tl 

fl1.J.l.J.) 

1649.0 

1649.0 

1624.5 

1640.8 

14.1 

1584.0 

1616.0 
. .. 

1600.0 

1600.0 

16.0 

1433.3 

1375.0 

~1453:1 

1420.5 

40.6 

.. 

UNn(;l 

(nLflihiu) 

15.9 

16.5 

15.4 

15.9 

0.6 

6.1 

6.4 
~. 

_._ . 

7.1 

6.5 

0.5 

6.0 

6.2 

7.0 

6.4 

0.5 

...... 
n1iNnJ 

UNtll'l 

(mt'lnf~ 

iJltl",.'IIl.J.) 

64.8 

67.3 

62.8 

65.0 

2.2 

24.9 

26.1 
. -. . .. __ ._--

29.0 

26.6 

2.1 

24:5 

25.3 

28.5 

26.1 

2.2 
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A1,,~;1 rJ.19 fhn1~~ftJuNt1Pl LL"'U~~'ltJ'Dt1~L~mJ~::Ul"'~f41nY'lf41~~n~·n.l1Plvh~1 nUL'lf41 

" til.! 7 ~\.lt1~~1~'lU,j11Jit1~~~t1~::~1U 0.35 

'!IU11'1'!1fl'l 

L~tJ 

(ijflflUJIII1) 

4.75 

2.36 

P1 

P2 

P3 

Q1 

Q2 
... _. 

.~.- ~. 

Q3 

R1 

R2 

R3 
~-.--

(flU.'UI) 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 

';1L~~tJ 125.0 

S.D 0.0 

5.0"5.0"5.0 125.0 

5.0*5.0*5.0 125.0 
... - .- .- ... ... . --_ ..... 

5.0*5.0*5.0 125.0 

';1L~~tJ 125.0 

S.D 0.0 

4.8'"5.0*5.0 120.0 

4.8*5.0"5.0 120.0 

4.9*5.0*5.0 '122.5 
"' 

';1L~~tJ 120.8 

S.b 1.4 

(n1);1) 

179.0 

171 .0 

178.0 

176.0 

4.4 

190.0 

209.0 
. .~ ... - ... 

208.0 

202.3 

10.7 

164.0 

156.0 

'161.0 
--

160.3 

4.0 

1'l'l1~~U1 U tiu 

(ntfln1~~fl 

flU . ~.) 

1432.0 

1368.0 

1424.0 

1408.0 

34.9 

1520.0 

1672.0 
~ .. . - . 

1664.0 

1618.7 

85.5 

1366.7 

1300.0 

1314.3 

1327.0 

35.1 

10.9 

12.4 

8.0 

10.4 

2.2 

7.1 

6.4 
. ~ . . ... 

5.7 

6.4 

0.7 

6.0 

6.2 

5:1 

5.8 

0.6 

..... 
mfl~ru 

UNtll'l 

(ntfln1~ 

"fllll1."II~ . ) 

44.4 

50.6 

32.6 

42.5 

9.1 

29.0 

26.1 
.._" .... 

23.2 

26.1 

2.9 

25:5 

26.3 

21 .2 

24.3 

2.7 
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"1TH;I ~ .20 fl'l ri'l~-3f1.J Ll.Nt1(;1 LI. 'VIU~ ~'ltJlItl-3 L~tJ1.l~~L1l'VI~fi'l m"fi'l~ ~n·Jn.l'l (;Ivi'l-31 riu 

" L'lfi'ltb.J 14 t)Ut1Vln~'lUlh;itlt)~~1.l1~~'lU 0.3 

'1lU1~'1ltN 

L~tJ 

(ijflflU.J"') 

4.75 

2.36 

P1 

P2 

P3 

Q1 

Q2 
" "" 

Q3 

R1 

R2 

R3 
----- -

'1lU1~ 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 

f'i1Lll~tJ 125.0 

S.D 0.0 

5.0*5.0*5.0 125.0 

5.0*5.0*5.0 125.0 
...... ... --. .. _- . __ . -- -- - ..---

5.0*5.0*5.0 125.0 

fl1L~~tJ 125.0 

S.D 0.0 

4.8*5.0*5.0 120.0 

4.7*5.0*5.0 117.5 

4.9*5.0*5.0 -122.5 
". - .-. - -,0" ... - _ . 

f'i1Lll~tJ 120.0 

S:D 2.5 

(n1);!) 

166.0 

177.0 

174.0 

172.3 

5.7 

210.0 

203.0 

196.0 

203.0 

7.0 

1"56.0 

165.0 

164.0 

161.7 

4.9 

R'l1lJ1-tU1 LL tiu 

(nLfln1lJlJifl 

fltJ.lJ.) 

1328.0 

1416.0 

1392.0 

1378.7 

45.5 

1680.0 

1624.0 
.. _. 

1568.0 

1624.0 

56.0 

1300.0 

1404.3 

1338.8 

1347.7 

52.7 

LL'Nn~ 

(nLflil'l JJtU) 

10.5 

10.1 

10.9 

10.5 

0.4 

6.6 

7.0 
. "" . . -_ . 
8.2 

7.3 

0.8 

7.4 

5.5 

6.9 

6.6 

1.0 

LLNtll'l 

(nLfln1);! 

iJltllJl7.'lIlJ.) 

42.8 

41.2 

44.4 

42.8 

1.6 

26.9 

28.5 
" " ----
33.4 

29.6 

3.4 

31.4 

23.9 

28.7 

28.0 

3.8 

. 
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"'Tl~;1 ~.21 fi1ri'1tr~fl.JLLNtl~ U'V1U~"''ltJ'tl~L~mh~Lfl'V1~~1n'Yi~1~~n~·Jn.n~lJh~1 riUL'l~1 
" ti~ 281'U tlI'l11ri'lU,j1£'itl1'~~U1~~1U 0.35 

.. .,.;. 
fi1tHnJ 

'!IU1"''!Itl~ .. fI'l1lJ~U1 LLtiU 
,r'ltl£h~ 111lJ1lJl7 111~un LLNnlil LLNtllil 

L~tJ ..I 'tJU11i1 (nLflnflJl'Itl 
VI (fl1J.'II).J) (nf).J) (nLflU'liu) (nLflnf).J 

(ijflflLl.JlJl7) fl1J.lJ.) 
"tlP11. 'IIlJ.) 

P1 5.0*5.0*5.0 125.0 182.0 1456.0 14.2 57.9 

P2 5.0*5.0*5.0 125.0 179.0 1432.0 10.8 44.0 

P3 5.0*5.0*5.0 125.0 181.0 1448.0 12.2. 49.7 
9.4 

fi1L~~tJ 125.0 180.7 1445.3 12.4 50.6 

S.D 0.0 1.5 12.2 1.7 7.0 

Q1 5.0*5.0"5.0 125.0 205.0 1640.0 7.4 30.2 

Q2 5.0*5.0*5.0 125.0 200.0 1600.0 8.2 33.4 

Q3 5.0*5.0*5.0 125.0 206.0 1648.0 8.6 35.1 
4.75 

fl1L'UflU 125.0 203.7 1629.3 8.1 32.9 

S.D 0.0 3.2 25.7 0.6 2.5 

R1 4.8*5.0*5.0 120.0 166.0 1383.3 7.1 30.2 

R2 4.8*5.0*5.0 120.0 168.0 1400.0 7.4 31.4 

R3 4.7*5.0*5.0 1"17.5 ·175.0 1489.4 7.0 30.4 
2.36 f-.... _ . .... ,".- .,' 

fi1L~~tJ 119.2 169.7 1424.2 7.2 30.7 

S.D 1.4 4,7 57,0 0.2 0.7 
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M1rt-1;1 ~.22 fhri1~~ftJLLNt1'" LL'VI1.I~~'ltJ'''~~L~tJ1.h'::Lll'VI~f\1n'nf\1~~n'!l1.l1'''j;h~1 n1.l 

" L'l~1tilJ . 71'1.1 t1(;\11ri'll.n11l'i~1'~~1.J1::t'\11.1 0.40 

'DU1"'Dfl~ 

::" L~fJ 

(jjflfl UHJ1?) 

9.4 

4.75 

2.36 

(flU. 'II);!) (n1);!) 

S1 5.0*5.0*5.0 125.0 174.0 

S2 5.0*5.0*5.0 125.0 170.0 

S3 5.0*5.0*5.0 125.0 172.0 

fiI'1L~~fJ 125.0 172.0 

S.D 0.0 2.0 

T1 5.0"5.0"5.0 125.0 192.0 

T2 5.0*5.0*S.0 125.0 201.0 

T3 5.0*5.0*5.0 125.0 200.0 
, ... 

f'l1L~flfJ 197.7 125.0 

S.D 0.0 4.9 

U1 4.8*S.O*S.0 120.0 tS7.0 

U2 4.8*5.0*5.0 122.5 161.0 

U3 4.9*5.0*5.0 '122.5 165.0 

121.7 161.0 

S.D 1.4 4.0 

f'I'l1l-J,",U1 LLUU 

(nLfln1l-J"fl 

flU.l-J.) 

1392.0 

1360.0 

1376.0 

1376.0 

16.0 

1536.0 

1608.0 

1600.0 

1581 .3 

39.S 

1308.3 

1314.3 

1346.9 

1323.2 

20.8 

8.2 

11.2 

8.0 

9.1 

1.8 

4.2 

4.0 

3.8 

4.0 

0.2 

2.8 

2.9 

3.2 

3.0 

0.2 

. .;.; 
n1fl~ru 

LL1~ti" 

(nLfln1);! 

l'IflIJl1.'lIl-J.) 

33.4 

45.7 

32.6 

37.2 

7.3 

17.1 

16.3 

15.5 

16.3 

0.8 

11.9 

12.1 

13.3 

12.4 

0.8 
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1J11'l'HI;1 e.I.23 fi'ln~i~ruuNti'" LL'VIU~~'ltJ"1ltl~L~tJtl1:;LJl'VI~~'ln~~'l~~n~·n.l'l"'~h~, nu 
i-

L'l~'lIDJ 14 t)1J ti~11~'l\nl'lPltlt)~",tl:i':;~'lU OAO • 

,11ft.:Jru 
~U1~'lJtl.:J 

.. 
f'l'l1).!".,U1 LLtiU .....• 

" ~'ltl£h'3 m)'!11n1 u1".,un LLNnl'l LLNtll'l 
L~tJ .,J ' ~U1l'1 (nLfl n ffilJi tl 

(nLflih,TU) 
(jjflflLl-IlJI1) 

VI. ,. :. (flU.'113-J) (nhl) (ntflnf~ 
flU.)'!.) 

IJiflIR1."lI)'!.) 

S1 5.0*5.0*5.0 125.0 168.0 1344.0 10.8 44.0 

S2 5.0*5.0*5.0 125.0 172.0 1376.0 9.8 40.0 

S3 5.0*5.0*5.0 125.0 170.0 1360.0 10.4 42.4 
"9.4 

fl1L~~tJ 125.0 170.0 1360.0 10.3 42.1 

S.D 0.0 2.0 16.0 0.5 2.1 

T1 5.0"5.0"5.0 125.0 196.0 1568.0 6.0 24.5 

T2 5.0*5.0*5.0 125.0 200.0 1600.0 6.4 26.1 
- _ .. - .- -_.- .. - -_ ... _--- .. .. _-- .... . -. ~- .-. . _. . . " . . - .. _ . --_ . .- . ~ ---_ .. - .. -

T3 5.0*5.0*5.0 125.0 182.0 1456.0 6.8 27.7 
4.75 

fl1L~~tJ 125.0 192.7 1541.3 6.4 26.1 

S.D 0.0 9.5 75.6 0.4 1.6 

U1 4.8*'5.0"5.0 120.0 162.0 1350.0 -5.1 21 .7 

U2 ' 4.9*5.0*5.0 120.0 161 .0 1341.7 4.8 20.4 

U3 4.9*5.0*5.0 122.5 167.0 1363.3 6.1 25.4 
2.36 1- --- ... - .... .. 

fl1L~~tJ 120.8 163.3 1351 .6 5.3 22.5 
'" 

S.D 1.4 3.2 10.9 0.7 2.6 .. ' 
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M1THIf1 r.I.24 ";1ri1~~ruLl.Nt1~ Ll.YlU~~'ltJ"Dfl~L~tJ1.h':;LJlYl~~1n""~1~~n~"D'\.n~~h';1 nu 
" L'l~1tilJ 28 t)u t1~11~'lU\l1IJitlt)~~lh':;~1U DAD 

'IIU11'!'IIfl~ 

LaU 

(i1flflUJLJl1) 

4.75 

2.36 ---

S1 

S2 

S3 

T1 

T2 
... _-
T3 

U1 

U2 

U3 
- .. 

5.0*5.0*5.0 

5.0*5.0*5.0 

5.0*5.0*5.0 

S.D 

5.0*5.0*5.0 

4.9.0*5.0*5.0 
.... .- - ---

5.0*5.0*5.0 

';1L'tl~U 

S.D 

4.8*5.0*5.0 

4.9*5.0*5.0 

4.9*5.0*5.0 

,j1L'tl~tJ 

S:b 

-

.: ti1~11J17 
; (flU,'Ul) 

125.0 

125.0 

125.0 

125.0 

0.0 

125.0 

122.5 
- ---

125.0 

124.2 

1.4 

.. 

120.0 

122.5 

. 122.5 
-

121.7 

1.4 

(n1).1) 

170.0 

174.0 

172.0 

172.0 

2.0 

200.0 

196.0 
- .- --.- . 

190.0 

195.3 

5.0 

162.0 

169.0 

167.0 

166.0 

3.6 

~'l1)J~U1 U tiu 

(mflnffi~fl 

flU .)J.) 

1360.0 

1392.0 

1376.0 

1376.0 

16.0 

1600.0 

1600.0 
~- - - - .. _ ... - . ... 

1520.0 

1573.3 

46.2 

1350.0 

1379.6 

1363.3 

1364.3 

14.8 

12.1 

10.8 

12.2 

11.7 

0.8 

8.6 

8.0 
< ••• 

6.4 

7.7 

1.1 

7.3 

8.1 

6.9 

7.4 

0.6 

-- --

ihft'·du 
UNtil'! 

(nLfln1~ 

rRfl",.. 'Ut) 

49.3 

44.0 

49.7 

47.7 

3.2 

35.1 

32.6 
_ .. -- _ ... 

26.1 

31 .3 

4.6 

31 .0 

33.7 

28.7 

31 .1 

2.5 



(;t1'rl~;t u.25 fhm1~{;I;lJ~'i~LLil'U~'iltl~L~tlU1~LTi'YI~fl1n'Yifl1f\~n~'!I'U1{;1~h~1 ti'U 

L'lfl1UlJ 7 1'1.1 

.. .. .. · 1fltlflZn11 
0 ., ., I 0 ... ... .. 

n'11~{;I;)J':n ..I 'U1~'Un IWltltl1-3 'U1~'Wn~fl-3, . .. ... I .. 0 

~'l'Cltt'N'Yl .. ~ ". {;I"L'lIJIU'U1 

94 

ntl'UtlU (nffi) tlU (n1lJ) . 
OJ 

(n1fln1lJ c;itl flU.lJ). ..I 
L~fltl 

M 191 218 14.14 216.47 

N f18 206 15.73 204.58 

0 160 198 23.75 196.72 
-- --_. . .... _- -_ . . . .- _. . _ .. . - -_ . - .. -

.p 161 190 18.01 188.71 

Q 182 219 20.33 217.54 

R 160 185 15.63 183.72 

S 163 164 0.61 162.70 

T 184 220 19.57 218.53 

U 158 198 25,32 196.74 

..a . - , ..:: .J ..I "!I. t ... .J , ... 
(;t1'rl~" u.26 fl1m1~j;\lJIlJ'U1'YlLL'Yl'U'Yl'!ltl~L\'ItllJ1~Lfl'Yl~fl1n'Yifl1f1~n'Yl'!l'U1j;\~1~1 n'U 

L'lfl1UlJ 14 1'1.1 

" .. .. 1tlt.Jfl~m1 .. 
0 ... ., I 0 ... ... .. 0 

.J 'U1~'Un ~'ltlt.J1~ 'U1~'Un~fl~ ... .. m1'O"'lJIlJ'U1 
'" I • 
~'ltlt.J1-3'Yl ~{;I1JI)J'U1 

nfl'WflU (rihi) flU (n1lJ) ·" ..I (7i1firihi c;ifl fiU.)J). 
L~flt.J 

M 161 192 19.25 190.71 

N 178 206 15,73 204.58 

0 159 188 18.24 186.73 

P 179 215 20.11 213.57 

Q 174 210 20.69 208.61 

R 170 198 16;47 196.64 

S 180 218 21.11 216.56 

T 178 215 20.79 213.58 

U 158 205 29.75 203.74 



Pl1'l'l-1;t t.J.27 fi1n1r~li\tjlJ~1~LL'VlU~'fl-3L~m.h::un'l~fnn~~1~~fl~'nJ"Ii\j;h-31 tiu 

L'l~1UlJ 28 1U 

., .. 1fltJ~::n11 
0 ., ., 0 ., ., ... ., 

0 , 
, U1~un VI'lflt!'N U1~un~~~ ~;'->'. n11~~'JIlJU1 .., , G/ ... 

r;t'lfltt1~'Vl ~1i\'lJU1 . 
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nfluflu (nflJ) flU (nflJ) 
.. 

. (nt~nflJ ~fl ~u . lJ) . .J 
L~~tJ , '. 

M 175 200 14.29 198.60 

N 182 216 18.68 214.54 

0 160 202 26.25 200.72 
- - - .. --- . -- - . _. - . -. -- - - - .- -- . . -~ . -- - -- - .. ~ .. . -

P 172 210 22.09 208.62 

Q 178 211 18.54 209.58 

R 168 200 19.05 198.66 

S 174 214 22.99 212.61 

T 178 215 20.79 213.58 

U 160 205 28.13 203.72 

~'l'1.lJ:J~lJ (nttmflJvitl~flU1fi1nL)J1JI1) f'l1ilJtl1':;~'VIf 
U1lJ1tu .... 0 mlJ11i11 mN1f'1'l1lJ 

... , ../ ., "lI'lJ11i\ 
tl'1.l;L)JUIJ! 

0 

L~lJ "lIfl-3Lit! VI'lflt!1-3'Vl 'Vl11t! U1 t. r'llJ .. 
'tl-3~~t! · 

1tlU 
.J ../ 

(~U.lJ.) (nn.) (nn.) (nn.) (nn.) 'VlLL'VlU'Vl (1V1~/L)J1JI1. 
(lJlJ .) 

(nn.) tNf11Lf'I~';)U) 

1 400 600 76 50 16 0 0.0352 1.35 

2 400 600 76 50 12 9._36 0.0384 1.30 

3 400 600 76 50 8 9.36 0.0512 1.25 

4 400 600 76 50 4 9.36 0.0752 1.20 

5 400 600 76 50 0 9.36 0.1878 1.15 

6 400 600 76 50 4 4.75 11i\'Wt~ 1.20 
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27 lIqrrimuu 2S52 

I~IH 1I{~HIIOllilfll1::HlIlI::YI"rrfl1J'llllrrl.l1iii'll'Ho'lllJlTII'VWUUlUti'Ufl111JfflU fllllU 6,""')fIrm 

,111u 'lllliilw tllll"fI~ (irn1'iYl1rnf1n1Jii~1I1"!fl1J fllII:1rnfll1lJfI1rr,,{ 'lfm~n"WIJ1f11t101t1'O) 

thU'01iIlIlIlZ1J;0111Y1111f11rr"{lIl1zIYlfllu 1110 1I1f11Y101aOIYl" 'U'110"lllZ9f11110&'l1U1J; ""1017 

'itm1:,(III1:YI"rrMlfjtltn.nl'ftYlml1l1nTII'VfI~IIUlUriufl111JfflU 'Kiln riltt'1It11zimtnmhfl11l1f!lu fllllU 6 ,,, 

ft16rm Itl1,i1i111fOlllllr11"e'flb"tleil"11J1I"""JllI'fI~ ASTM. C-f11tNm~llIHlIfiflhJ;l 

,h aMh:ih,in11 r.n1nl'Mnl""'~ Mnw~imlU, ~ 
~ th:lll'li'llHft'JeO'N 1hft111JfflU imlU, (cJn.) tl11na 

I. 

2. 

3. 

4. 

5. 

6. 

(K-Value), (WJIILX- (ma) 

No. 1 0.0352 32.1 0.9593 

No.2 0.0384 29.0 0.9852 

No. 3 0.0512 29.0 1.0796 

No. 4 0.0752 29.1 1.I716 

No. 5 0.IS78 28.0 1.0846 

No. 6 -j"M' 33.2 1.3115 

rrllm;imfUlQU 

I. IlIll'llQii'Vfl~ Cold Plate ,'C - 10.0 - 10.8 

2. IlI11fQii'fI~ HOI Plate , ·C - 37.7 - 37.S 

3. flfII'IIQiiul10101f!.·C - 27.0-27.5 

4. w1"'V~iu~1lI~YI,,tI(JU . em' = 15.sxIS.S 

~'r~ 
(NfI.ili 1J1Q1fu",) 

, I 
(lflD8el1Gl \lunD::) 

@lm1:,wn'lllUlftlllfl1 . 

('U~~ 
~l\1l11n1' 

.rnl'n'li'tmD::mnl1'l"",,,,afl111D::IYI,,l\llail 

,ynnrnl'8~tlaJlinl1Y1f1aeu 

(Kefm' .) 
-

1,1 95.39 

1,358.80 

1,489.20 

1,610.40 

1,549.60 

I,5S0.00 
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~i(mtlla'll~ ICP-075 / 2551 

~1(Hh~ 

1~1~tml1tJdH 

..... 4 ~ 

11illf111::11 

1'1 ~ tJ~litJ~Hilfm::,.f 

A ~ 

r-lfl01111f111::Jj 

., t 

fl1flVH 

Hg 

<0.04 

ih 
< 0.04 

~ 

Ul~ffl1 U1WlfVll'l'i U1flff111n 

fl1nl'lil1f'nm1lJ~~1I1VlftmJ mU::1fflil11lJfflffVl{ ~Wlfl~mW1J'r111Vl/miu 
l~tJ1Ifm::,.f'l11tl~1Jl\u1i191 Hg Pb Cd Se Cr As Ni Cu 

ICP atomic emission spectrometry 

Inductively Coupled Plasma Atomic Emission Spectrometer, 

Perkin Elmer model PLASh-lA-IOOO 

10 mnQlf1lJ 2551 

Pb Cd Se Cr As Ni 

0.652 0.052 < 0.15 0.974 <0.05 0.067 

eu 

0.325 

0.088 < 0.003 < 0.15 2.033 < 0.05 0.086 I 0.371 

~-c."~~ ~ 
.. ... .. .... ..... .. ...... ... .... ......... Fjllf111::'11 

( 'U1Ufl't1U ~/J::1trl1iff~ ) 

FIIWlnlf1 n'!HJIl vui! IlJUFIIW1HI~n'fJ !JIll rn::;i'lfJONiid.Jl1f1n'fJ1J 

w. UUtJlfI#fJ.JUfJ19IJ1r1tJlff1ff9l{IIn::l11f1 Tu rnu Innfu 
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111f1~'U'ln fI 

o 
"rl!ln1'fl1'U'lW 
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111 A FlU,) 0 A.1 011A1U')U.')UFltla.. (m'\l'\l1 ~U~1Ur~L~1~ LL~d'tJ 14l1lJl1~-rim.f1l~, 2547) 

mrfhu'lUL~tln '.';{~'ltlEh~ A 

= 
.1'" r uU"lI UJ 'UJ;\ : 'Yl ~ tl = 

OJ 

.. 
U~~ ~tlnt;(tl~nu1vitlt)i\~~ft1ULYhnu = 0.30 

~1UnJ1ruL ... hJ~'lu~~tI"1n ~tlUn1Vl 1 fjnU1fi1nUJVlr 

1 : 1.5 

400: 600 

VU.UJml (400+(3.15x1000» = 0.13 au.u . 

Yi~tJ (600+(2.6x1000)) = 0.23 ~U.tI. 

ill .J .. 
rtl1~1'Vlm~tl 1-(0.33) = 0.67 ~tJ.tI 

tltln LLUU t,xi'j I'll ~'l1t1~U1 mlu'W Lnu 1200 ~U.tI. 

L~tJmtl1ru~1~~~lJPitl ~1+ L~tI = 0.67 ~U.tI 

mtl1Vl1L~tI (40+(0.070)) = .. 
UnJ1VlrU1 1-(0.91) = 

0.57 ~1J.tI . 

0.09 ~1J.tI. 

~~,ru~~'t~~'lU~~tI~iltlVl11~'lU~~tI ~ilwtl1ru~1vitluu:jUJUr;lLYhntJ 0.30 
" .. 

UU~ UJ Ur;l 400 nn. vitl ~1J.lJ Ml .. 
'Vl~tJ 600 nn. IJitl ~1J.tI .. .. 

0 

86 
, 

U1 nn. Vltl ~1J.tI .. 

L~tI 40 
I 

nn. ~tl flU.tI .. 
So So 

~tl1m~1Jj tl~~U1~tlt)~~~ft1ULYhntJ U1+ L~tI 
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111Auu1n ~ . 1 U~~mrlm'~Yl1'J~~(;l~I~n11l.J ~fN tl'i~n14'1Jl~~unfJ~~ffi1'~~~'Wl;LL~'l 

"'U~. 2548 

if ' cw .dt.... .Jtt I ., tI'.J.. .. '...J • 't 1' .... ~ 
'Dfl 5 a--3U!lfJ~~ffi'l~"lfl UJ1'11LL~'lfll.Jfl-3f'lU1~nfllJ'DfI-3a--3~~f1UU flm~UI'I ~'HMU 

.l1li 0 I II ~ ::. I .... I'" ~ 
5.1 UJflUIl.JI~1 f'l1 f'l'lIl.J ~ 'Dl.J"Ufl~~l.J "''Dfl-3~~ L ~flUU ~U'lIl.JfI-3 fltl1~nfllJ"1lfl~ 

101 

~lffiUUfl1UtlU(;ll1tJLL~~~lffiUfl1UtlUlJIl1tJ lU~ti'ltJijfl~nfl.J"'fl~~11~f1~rt-3ntflnrn"'f1-3~-3 

tJnfJfl~ffi1'~"l~'Wl4'LLt\''l (mgJkg; wet weight) LyhrilJ~ffil.Jlnn~lfh Total Threshold Limit 

Concentration(TILC) ~n1~u~H~-3~f11ud 

(Antimony and/or antimony compounds) 

~1~ LLfl~~ffi~11U~nfllJ'DtN~I~~ 

(Arsenic and/or arsenic compounds) 

LLiltJ~u~ffiLLfI~~lJ~(;lfl~ (Asbestos) 

LLlJL1tJl.J ~Lfl~/~ffi~lru1~nfllJLLlJL1m.J 

(tJ n L t)'ULLlJ 1.ni" LLfl ~LLlJ L1tJl.Ji fl L ~ (;l) 

1.0 

(Barium and/or barium compounds (excluding barite and barium sulfate) 

(Beryllium and/or beryllium compounds) 

LLf'l'" UJtJl.J LL~ ~/,..ffi~111.h:: nfllJ LLf'l '" UjtJl.J 

(Cadmium and/or cadmium compounds) 

~1 ru1::nfllJ"'f1-3 tfl1L!itJl.J LlI n'lI'l1 ~flUyf 

(Chromium (VI) compounds) 

tf'l1UitJl.J LL~::/,..ffi ~lru1::nflU'DfI-3 tfl1UitJl.Jt(;l1'l1 LflUl1 

(Chromium and/or chromium (III) compounds) 

LfllJflflli' LL~::/,..ffi ~lru1~nfllJ'Dfl-3 LfllJfl~li' 

(Cobalt and/or cobalt compounds) 

fl~LLIJl~ LLfl::/,..ffi ~11U1::nfllJflfl~LL"'-3 

(Copper and/or copper compounds) 

~lru1::nfllJ~nflfl'Dfl-3~~flfl1.1~ (Fluoride salts) 

75 



(Lead and/or lead compounds) 

tlHlVl LL~~/'\."ffi~'11tl1~nfltJtl1f1V1 

(Mercury and/or mercury compounds) 

hJ~tJ~u~ LL~~/~ffi~'1ru1~nfltJhJ~tJ~U~ 

(Wn~hJatl~wll~i~t~lif) 

102 

20 

(Molybdenum and/or molybdenum compounds; excluding molybdenum disulfide) 

ULn~ LLfl~/~ffi~'11tl~nfltJilLn~ 2,000 ij~~nf~lJIflm~nf~ 

(Nickel and/or nickel compounds) 

(Selenium and/or selenium compounds) 

~u LL~~/~ffi~'1ru1~nfltJ'f1\1~U 

(Silver and/or silver compounds) 

fi'1~L~tJ~ LL~~/~ffi~'11tl1~nfltJfi'1flL~mJ 

(Thallium and/or thallium compounds) 

'l'1LUL;;tJ~ LLfl~/~ffi~'1ru1~nfl1J'l'1LUL~tJ~ 

(Vanadium and/or vanadium compounds) 

i\ln~~ LL~~/~ffit\'1ru1~nfl1Ji,m~~ 

(Zinc and/or zinc compounds) 

LLfI~"''hl (Aldrin) 

f')~f1L"'U (Chlordane) 
.,..,. .,. ... .,..,. A ...... .,. 

"' '''VI "''''f1 ~Hl "''''''' (DDT, DOE, DOD) 

2,4-~ (2,4-Dichlorophenoxyacetic acid) 

;lfll'llu (Dieldrin) 

t"'f1f1n'iu {Dioxin (2,3,7,8-TCDD)) 

LtlUI'Ilu (Endrin) 

LlItllJl'1f'1~tlf (Heptachlor) 

~~tlu (Kepone) 

t\'1ru1~nfl1J~UVl1U'f1..:1IJ1~~'l (Lead compounds, organic) 

~UL"'U (Lindane) 

100 

500 

1.4 ij~~nflJ~f1nt~nf~ 

2.5 ij~~nf~~tlfiL~nflJ 

1.0 ij~flnffilJitlm~nffi 

100 ij~flnf~Pitln~~nf~ 

8.0 ijflinf~lJitlntflnfli 

0.01 ij~~nf~lJifln~~nf~ 

0.2 ij~inf~lJi-tlnLflnf~ 

4.7 ij~~nffilJifln~~nhJ 

21 ij~flnf~lJifln~~nffi 

13 ij~~nf~lJitlm~nhJ 

4.0 ij~~nf~PitlfiL~nf~ 



UJ'Vl'Vltlniifil~tlf (Methoxychlor) 

UU1n (Mirex) 

LVf\JI;J'lfi1~tl11~'Utl~ (Pentachlorophenol) 

tViaf\~ti'iL'UVlL~(;\ttJwil~ (Polychlorinated biphenyls (PCBs)) 

'Vltln"ll'1w'U (Toxaphene) 

UJt1 Lrl L1LtlY1~'U (Trichloroethylene) 

~~L~n (Silvex; 2,4,5-Trichlorophenoxypropionic acid) 

(,")J1tJL'"~ 

ft'wtl1~nfl'l.J 

100 

21 

17 

50 

5 

2,040 

10 

103 

ij~~nflJtJitl1iL~nflJ 

n~~nflJ~tlnt~nflJ 

ij~~nflJtJi'tl1iL~nflJ 

jj~~nfl!tJitlnLftrID! 

ij ~ ~ n flJ tJitl1iL~ n flJ 

i1~ ~ n flJlJl'tl1iL~ n flJ 

ij ~ ~ n flJ vitl1iL~ n hi 

, ... ~,.Jo ~!:"I~'''v ..I, 
- ~'Un1tu"''tl~LLtlftLUft(;1tlftLL~~~~~:::fi'1f;J fl'1'Vlm~'U(;\ ~'l L~ ~"JInUft'11'V1'tl'J 

... .. .. 
l'UftJ1'1Vih'ULtI'U~~~:::LtlU(;\Lvh,r'U i~il UtlftLUftVltlft '"I:::1'llJ~~ chrysotile amosite crocidolite 

tremolite anthophyllite LL~::: actinolite) 

.. . . 

LL~:::~firlLfl1'1:::,rU'1ftn(;\u~'l i1'tl~rltl1:::n'tlU"D'tl~ft'11tlil'U'Vl~u~'U(;11'1ULL~:::ft'11~'U'Vl1u~'U(;1nul'U .. . 

~,.i'luij~~nhl"Dtl~ft'11vi'tl~V1ntl~U'1ftnr;, (mg/L) Lyhnu~1'tllJ'1nn~'1ri'1 Soluble Threshold 

LimitConcentration (STLC) ~ri'1~'U~H;~tJi'tlLtl~ 
ft'1ffi'ij u~:::/~ffift'1ru1:::n'tlU"D'tl~ft'11~'ij 

(Arsenic and/or arsenic compounds) 

u U (ffi lJ u~ :::/~ ffi ft '1ru1::: n 'tlU LL U L1U lJ 

(un Lt)'UUULnlLL~:::UUL1UlJi~ L ~ (;1) 

(Barium and/or barium compounds (excluding barite and barium sulfate) 

(Beryllium and/or beryllium compounds) 

(Cadmium and/or cadmium compounds) 

ft'1ru1:::n'tlU"Dtl~ Lfil1UjUlJ Llin'!l'1'l'1 L~'Uvf 

(Chromium (VI) compounds) 

t fl1UjUlJ u~:::/~ffi ft'1ru1:::ntlU"D'tl~ tfl1UjUlJL(;11'l'1 L~'Uvf 

(Chromium and/or chromium (Ill) compounds) 

1.0 

5 

5 



(Cobalt and/or cobalt compounds) 

Vlf.l~L1.'M L1.~~~ffi ~1nJ1~nf.ltJVlf.l~L1.'M 

(Copper and/or copper compounds) 

~1nJ1~nfltJLn;fl'tlf.l~~~f.lf.l h~ (Fluoride salts) 

(Lead and/or lead compounds) 

t1ffiVl LL~~/,..ffi~11t11~nfltJtlffiVl 

(Mercury and/or mercury compounds) 

UJfltJ ~UlJ L1.~~/,..ffi~11t11~nfllJ UJfllJ ~UlJ 

(UJ1'llJ UJfllJ~UlJL",i~ 'I.~~) 

80 

25 

180 

5.0 

0.2 

350 

... "" ., I ... 

lJ~~n1lJ~fl~j;l1 

ii~flnf)Jvitlflj;l1 

(Molybdenum and/or molybdenum compounds; excluding molybdenum disulfide) 

(Nickel and/or nickel compounds) 

;flLilUlJ L1.~~/,..ffi~11t11~ntllJ;flLilUlJ 

(Selenium and/or selenium compounds) 

L1u L1.~~/,..ffi~1nJ1~nf.llJ'tlfl~ ~u 

(Silver and/or silver compounds) 

fi1~LftUlJ LL~~/,..ffi~11t11~nfllJfi1~LftUlJ 

(Thallium and/or thallium compounds) 

(Vanadium and/or vanadium compounds) 

i·m~i L1.~~/,..ffi~1nJ1~nf.llJi~n~i 

(Zinc and/or zinc compounds) 

L1.fl~"i1U (Aldrin) 

fil~flL"'U (Chlordane) 
................................. 
(;I(;IVl (;I(;Ifl ,..ffi (;1(;1'" (DDT, DOE, DOD) 

2,4-~ (2,4-Dichlorophenoxyacetic acid) 

;;~(;I1u (Dieldrin) 

L(;If.ltln~U (Dioxin (2,3,7,8-TCDD» 

20 

1.0 

5 

7.0 

24 

0.14 

0.25 

0.1 

10 

0.8 

0.001 

....... ... , ... 
lJ~~m'lJj;lflflj;l1 

.... ... ... , ... 
lJ~~nnJlJlf.lfllJl" 

... ...... , ... 
lJ~~n1lJlJlf.l~j;l1 

......... , ... 
lJ~~n1)Jj;lfl~1'I1 

... ... ... , ... 
lJ~fln1lJlJlfl~1JI1 

......... , ... 
lJflfln1lJlJlfl~1JI1 
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LflU~;'U(Endrin) 0.02 
"" ...... · ... ~t'lt'lnnJlJlflt'lIJl1 

LtlUlJI1f'lt'lfl1 (Heptachlor) 0.47 
......... · ... ~t'lt'lnnJPlflt'lIJl1 

~LUU (Kepone) 2.1 
......... · ... ~t'lt'lm~lJIflt'lIJl1 

~U~U (Undane) 0.4 
......... · ... ~t'lt'lnnJlJlflt'lj;\.1 

~Y1l1fln;f'lt'lfl1 (Methoxychlor) 10 
... ... ... · ... ~t'lt'lm~Plflt'lPl1 

'luLln (Mirex) 2.1 
......... · ... lJat'l nnJPlflt'lPl1 

LV.UPl1f'lt'lfl L1~Uflt'l (Pentachlorophenol) 1.7 
......... · ... lJt'lt'lm~Plflt'lPl1 

tv.~f'lat};'L.Uj;\.uijf;\ttJ~ila (Polychlorinated biphenyls (PCBs)) 5.0 
... ... ... · ... lJt'lan1lJlJlflalJl1 

l1fln'll1~U (Toxaphene) 0.5 
... ... ... · ... ~t'lt'ln1~lJIflt'lIJl1 

LIJl1f'1t'1fl L1Lfl\1flU (Trichloroethylene) 204 
......... · ... ~t'I~nnJlJlflt'lIJl1 

'it'lL~n (Silvex; 2,4,5-Trichlorophenoxypropionic acid) 1.0 "" ...... · ... ~~t'lnnJlJlflt'lIJl1 

(\UJ"ltlL"'V) - fii"l~n"l~tI"'1J~~~1S'~Utlyi16 LtltI~"l~.r"'LiJtI~,)1tJL~ij4ftl1J~~tYl~ 'Wl"111i~~ 
~1,.tl,.::nfltJ) 

5.3 n1111~~fltJa~UDQt'I~1fl1'~~~hil.;rLL~'l L~ml1~1~nl'lcJi''ltJ':)fi Waste Extraction 
oJ' ... .,j. t-1:'!:. ... 

Test (WET) ":;111"11UnlJlflL3Jfl f'l1f'l'l1~L"1I3J']JUl1~~3Jf;\ (Total Concentration) "1Ifl~~1ffiUIJI11U 

III .. I .. 1'- , _ ,- I I"'''' ,. :. ..J 0 ..; 

~~1 ~f'l1 ~~LnUf'l1 TILC LLIJl~f'l1L111ntJ~~fl3J1nn'l1fil1 STLC "1Itl~~1S'UUY1n1~ut;ilUL~tl 

~fl~n1rU1a~unQt'I~1fl1'~~~~1{LLi'l~ulun1{~L~u,:)fi~~nt'ltJ 
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.. _ . ..,.. . .."..,1'.., 
ll'uulu1n ~.2 "''lfl'l'lUUtlMlltu'' '!lfl~'l"'n''l'''A'8Un''fltJtl'8n'tJU'l'''Un 

("''8n.57-2533) 

filI'llUn11Jl1J~'lln (hollow concrete block or hollow concrete masonry unit) ~).J1t1~~ 
SI ... 0 q .. ~ ... : .... ..J .- , _.ci 
n'llUfilI'llUmIJl1l1"'1n'lUJUlJltlfl11Jl~UIJl U1 ut\::'l~~'Y\.Lm.J~m.I"nUJ;\1Jl1~1 ~::~U~1ffi.U ·~ 

",::ii~1~UtJ~).J'll~"'(1tI~1'll 'Wri't'" ~1~f1Jrl'lltJt!~~1'llih UYi~ 2:ll~ffi tYiN"lIU1 ~ t~cVll::qlJl~'ll~ 
., ... .r .J .,., ... .J ., _ ., ," .r .J .,., .J 
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