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INTERLOCKING CONCRETE PAVING BLOCK BY USING LIMESTONE POWDER
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This research investigated the utilization of label waste as replacement materials for ingredient in 

fine aggregate for making interlocking concrete paving block by using limestone powder-cement as 

binder and determined the factors affecting solidification process in physical and chemical characteristics 

such as particle size distribution of aggregate, leachability, compressive strength , density and water 

absorption. A series of experiments was done by varying percent fraction at 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 

5,7.5, 10, and 20 by weight of fine aggregate and varying water to binder ratio was 0.5, 0.6, 0.7,0.8,0.9 

and 1 at 7 and 28 days of curing time. Conditions for making concrete paving blocks were studied by 

using limestone powder at10 percent by weight replace cement as a binder. A proper ratio of cement : 

sand: gravel was at 1: 1.2: 1.8 by weight . The experiment results indicated that by increasing the ratio of 

label waste to aggregate, consequently, decreasing of fresh concrete's workability. The appropriate 

aggregate replacement with label waste was at 3.0% by weight of binder, water-binder ratio was at 0.5 by 

weight and a curing time of 28 days. The proper concrete paving block; had a compressive strength of 

55.7 MPa which yielded the physical properties acceptable by the standard of interlocking concrete 

paving block promulgated by the Ministry of Industry. Moreover; for the extraction test. the concentration 

of heavy metals were insignificantly lower than that of the standard for concrete paving block. The cost 

estimation of the aforementioned concrete paving block was at 3.90 baht per 4.24 kilograms of product. 
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3. t11:;),J1 run1~Fh H~'1U Lijt'l~~l.ILl.In11Yi'1 Fl'tll.ln 1V1u~t'l ntl~:;~'1utJ~l.I ~1 n'll t'l~ L;Utl1:;L11Yl 
~ 



~ , 
,:ntJ~{t1ih11m~Yll'lfl~~~miru:;YlI~mtllll'ViYi~'a~U{j~nl~1l1r1~'JlI~PI')n)')'tJ 

ttlfn ~~~u{j~m),"1I~~L~t1~W11ntl 1l1r1~'JlI~PI')natJ~~LL,)l'I~~tJ ,l11fl~mrutJ"'I~Yltll~t1 

LLfl :;~~~u{j~ n1 )'rI~tJn1~ L Yl rI t tJ tfl [jill rI~'llI~ pj') n )'~tJ ttJjl1 tJ"'l~ Yl til ~ tI tJ~ l'Ifl 

1. "11~~ L~t1~H\t1tJr) ~() ~hJl tJm)'~~ L'I l~LLri "11~~ L~t1U),:;LIlYl'ilfll nr.n n~ ~~I"'mnJ~I~"lI,) l'I • • . ~, 

LLrl,) h~~ltJLLrl,) n ~~ 1 Yltl {~"'r) l'I'Vi)':;tJrI)'pj1~~fitll tl'ltl ~~~y'h nl~l~ rI,)ltJ:ntJLL~:;Ul'lYi 

111 rI~'JlI~ PI') n)')'tJ L ",ii'il~ ui i'iltJch tJ~:;LLn N ~ III rI~ pj') n )')'tJ ttl fi1 9111 fl~ mrutJ"'I~Yltll ~ tI • 
~ 

tl'ltILLuu·-h~L'ln~')tJltJmnJ~L'lrI'iltJn1L'1u~~nu),:;~ltJU~tJLtlu 0 1 1.5 2 2.5 3 3.5 4 
'" ~ 

4.5 5 7.5 LLfl:; 10 tl'ltlUI",,rn"1l'il~Ylntl tl'ltl~n~Ir1,)ltJLtltJml'l (;\1~ LLfl:;rI,)ltJ~ltJl),() 

lum),'ll:;~:;~It1tfl",:;~,rnmtJu)':;mPln~:;Yl~,)~~L'I~I"'nntJ'ilUu~ 1 tJ 'Vi.PI . 2548 LtltJ • 

2. LLu)'rh~L'ln~')tJ~I~~r)~l'IU),:;~ltJ~ 0 0.5 0.6 0.7 0.8 0.9 LLfl:; 1 • 
~ 

3. l-n~L'I),I~')tJUtJ:nLtJtJr;l: Yl),It1 : ~tJLn~l'I lU~L'I),I~')tJ 1 : 1.2 : 1.8 tl'ltlUI",,rn tl'ltlm)' 
'" 

" " I ,.. " .... .... I I '" 0 q ......... ~ 

Yll'l~~UrlNfl:; 3 ~,)'iltll~~fl~l'Im)'Yll'l~~~ UtJl'I')t1tJIYl 7 LLfl:; 28 ')U~')tJYl~~tJ 64 'lll'lm)' • 
Yll'l~~~ 192 vl')~th~ 

4. ~n~~2-J~YlI~mtllll'ViLLfl:;Lrli1~tJ~IU'lI~~r)~l'I~HltJn1),~{t1 ~LrI~I:;~rI,)I2-J~tJILL\itJ 
J3 • 



2.1 fI'il1.m-;191 

.... 
'UYIYI 2 

Fl~'Un 1[;1 Li:l'U1 ~ j;l~ lJ'U1'ttJ~~1~~'Ul ~~n1j' 1 ;~1'U~ 11.1 LFl N ~ r1~ Ufl :;li:l'U1~ j;l~~1lJ1~(l . . . 

lmuulYh.l1Jn1J1~"lt'U1l-rl'Ul~ ~3 ~1~m~n ~~ll~j;l~1'U[;I1j'1~~ 2.1 Fl~'Un1[;1lnj;l~1nn1j'~~lJ 

; LlJ'Uvl ~1 ;~li'nJ5m-U1n'Ulnj;llll'U1Mph:;~1'U ~,)lJl1tln~1 ;LlJ'UvllYi~vl nUYlnu ~'U ~1~ 

n1,) j;l ~LiJ'U1~j;l~"'lJ~1~lJ,)flj',)lJ ~,)'U~"'lJi~~lJj;l~:;llii~[;],)[)1U 11.1 24 i') LlJ~ llfl:;~:;~1l..11HI • 
" I I .... , I 

Yl'UllNtl j;llrA~;'Ul1~U1 [;I1lJ~1tJ [;Inu l YhYlihj,1~~1 1.1 LFl ~-1 "'r1~ L Yi~yhU5nrm 111lj;l~i'U 

Fl'tl'Un1[;1 Lj;lU-X') lU"'l:;ihRlJ1[;1~'lI~~; LlJ'Ut'lLYi~t'l~ciuj':;,.n ru 25-40 LU'tlfloi'U[;I1~ LLUn'tl'tlnLi:l'U ... 

u5rnu11n L(;lj'i'U~ In rn~'Uj':;~~1~~1lL fl:;; ll-J'Uvl; llJ'Uvll Vi '" vl"'l :;li1~U1~ L",1l-J-rl'tl~~1-1 j':;~~1 ~ 

1'" rn~'" l-J ~~~~'UFl'tl'Un1[;1'" (111 'U'lI ru:;yh-11'U 1 ,"n1~~llri Fl~'Un 1[;1 L~'tl Fl'tl'Un1[;1LL -D~I1i'llLfl:;{J'tl~ n'U • 

. 
4CII d ..... 0 

2 . lJfl,)1l-.1U(1I[;I')[;I1 

d 

3. lJFl,)1lJYl'UYl1'U~~ 3. iimj'LtI~ U'ULLUfl~mlJ1[;1j' .. 
" . 

4. Yl'Uhn~~ ufl:;'Wl~m~ 4. tl[;\nri1~~vi~':n~t!n~1 

5. tq1l-.11j'mYl~~~ 1~'U~fl1Yi~ri~"'11~ 
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i1ri')'\..nh~ntJUYl1-3LRi1~~1 ~ru A'tl LLFI~ L;UlJ u~~tJ~ihuulJ;~Ln~ Utl'il1,); LlJtll11~nrh')~ - " " 
lnnU0-3UU1L~tI~utJf~u~tI~ (Portland Cement) ;-ldJm.h~;L~wn1t'1t~J~n (Hydraulic 

" " 
Cement) ~~~~nu~1~1~ri')tI LL~~~1lJ1JClritlt'l') LL~~LL;-lt'l')1t1~1L~Ltitl-l'"l1nU!lmU1J~~~1-l 
~1 nuri,)uu1~ntJ1J'tJ-l~U; LlJtll11,!U n11111u{j n1U1 ~-l n~1,) L1U n~1u!l n"itl1LtI L!1l1iu 

(Hydration) ~~11m1ritJ~,)LL~~LL iI-l t'l,) (;l~tl !1l'"lUWlJ1 ruFl,)1~ffiu~Ln~;tI'tl~ nu Pl'l1lJ~ ~L~U!1l 

LL~~ri,)uu1:::ntJU'tJ-l~-lUtl FI'l1lJ LL-1i-l LLNYltlYl1t1 L~tJLL;-l t'l,) U~');tltlti nu~ !1l~,) um r~t'llJ LL~::: 
v " " .. 

mr 1 ~R,)1lJ;U lt1,ru::liL1~ LL -1i-l t'l,) 

UU;LlJU~cr-un lt1'Vl1-l";)"II1 n1J~1 "Utl1LlJUl11utJf~LL~U~ (Portland Cement)" 
" " 

L~lJ1"l1nn11~-l~tl'tl~U1ut9L"IIyj LL'tl~U~U t~ulutl FI .f'I .1824 tl1ut9L'liyjl~1l'1n119!1lYl~LiJUtI 

~ 'lI ~Y1 i'lltl~~ n11tJfl ~UU; LlJtI~tl ci 1-l ~ti-l; -lL~'"I1 n n 1 H~ 1 ri'l utJ~ ~ 1:::~~ 1-l ~tI UtlLL ~::: ~u mu m 
" " 

n. 'j;1'i~aL:atl~:a~hnj;\ (C3S) 

i1~tlUtl~1 C3S djU~11UJ~ntlu~i1tui1-lLihm~n 6 L~~UlJ i1~L'Vl1LirlJ fJru~lJU~ 

"lItJ-l C3 L~ijtJu~ru~lJ~,tl~U'tlf(;lLL~U~LlJUI11 L~'tl~~lJnU~1"l:::LL;-l~,)/nult1 2-3 i')tlJ-lLL~::: 
• " >-

"l:::i1ri1i-l~~LYl~;tltlU1~lJ1n lt1~u~1~LLm n1JLn!1lu{jmmnuin'"l:::ritll1X Ln ~ FI,)1lJ~tJ'\.~ 500 

~~j;jtJnflJ ri1i-3~~,tl-3 C3S '"I~l;JnnJ:::'Vlut!1lu~uilJ WlJ1CW C3S lt1~tI;LlJtI~Utlf(;lLL~tI~'"I:::i1 

U1:::~1ru 35-55% 

. ... . 
C2S Lilu~1ru1:::ntluni1lui1-ln~lJ t(;lU C2S i1tl~~~1mLuui1LYiU-l ~C2S LYhuun 

tJ~~')~tlruluJi1i') LU ~C2S i1flru~lJ~U~Lm~~tJ~~lJ~1'"1:::Ln(;lu{jmu11t'1 L~1itlt!1lU u~tJu 

F\')1~~tJtI 250 ~~lRtlnflJ LritlLL-1i~~'l'"l~~ ViJtl1 n1i~~(;ltJu1-lif11LLj;jlt1J~U~U1'l '"I~ 1~ri1tt-l~(;l 

ln~Lf)u-ln1J C3S UrlJ1ru C2S lt1~tI;LlJtI~U'tlf~LL~u~'"I:::iju1:::lJ1ru 15-35% 
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A. 't(;l'iA~U=a!l~'il~ijL'U6\ (C3A) 

C:f- d~h.l~1nh:;n~lJ~illtli1'Hth.!L~~mJ~tJ ~LYl1tl~'U C3A '"I:;Yi1t1lJnhJ1n1J~1 
"ri'U~n'tl1'IXLnc;) Flash Set Yi11~(;lm~hJtitlitJ~~~:;~~1'1n1~lJc;):nLlJ'Ur;lii1~,alC;)'~~ C:f-~ ::: 

~ ~'U1~'U111tJ 1'U 1-2 t)'U LLt;i n1~~~C;) fi~'U;h~ ~1~'U; LtJ'Ur;ltl'tlf(;lLL~'Ur;f~:;il C:f- t1~:;tJ1 ru 

7-15% 

~. L(;I6\'i1A~L:afj~il~m'UL,.j'ilfl'1l1 (C4AF) 

C4AF ";1t1lJnhJ1n1J~1j'l C;)L~'ltJ1 nLL~ :;n'fl ~'l111tJ1 'UhJ~'U1~ fl'l1l.11~'U~ Ln ~ 

t1~:;tJ1N 420 ~~~~nfl.l ih~~~C;)'~-l C4AF rl'e)'Uif1~~1~'U:nLl.I'Uitl~f(;lLL~'Ur;f'"l:;il C4AF 

tJ~:;tJ1N 5-10% 

-- C3S C2S C3A C4AF AW~~\.J6I • 

1. ~Vlnn1~LnVl 

tJDmtJ11t1Lc;)ri'U 
Lh (cnl.l.) ih ("IltJ.) "ri'U~li'U1c;) L1'll.l1n ('U1~) 

a a 
L1'll.l1n L1'lWln 

2 . n1~~1ij..J'U1n1~-l~C;) Lh (t)'U) ih (itJVl1,x) 
(t)'UL~m) (t)'UL~tJt) 

. . 
3. n1i~~Vltl~:;iEJ 

• S- o 0 

~~ F)'tl'U'll1~~~ (;11 Vl1 .. .. 

4. f'lt)1tJ1'e)'U~1n t11'Un~1-l " t11'Un~1~ 'U'tltJ ~-ll.l1n .. 
tJDmtJ11t1L~rl'U (500 '"I~/nfl.l) .. (250 "~/nftJ) 

OJ 
(850 '"I~/nfl.l) 

OJ 
(420 ~~/nftJ) .. 

.- 'WF)-l9i'l1'U~1 rm.l~lJlJ~ • ";11'IXtJ'U;UJ'Uvl . 
.,.,.d 

d 1.1" LL~:;rmi~L~~ 
.. 

5. fOlru~tJ1J~~'U1 ml.l~'U 'tlj~ -
OJ dd 

.... ,. l.I~LYl1 

LL~'UC;)'Ll.I'U~ l'i1~1tJU1~1tJ 

n. titlil.l (CaS04 • 2HP) 

utlilJ ~ n 1~ L ,111.11 'U~:;~~1~lJ ~~'ULij ~ L ~tl";1\-1,J1~ fl'llJ ~l.I n1~LL ;-l9i'l'tl~ 

~'U; LtJ'Ur;lml.l1 ruutlilJ~1~ ~~~ L\-Il.I1:;~l.I L ~tl1 'IX:;i LtJ'UvlL Vi ~ r;lLn c;) n 1 ~~ ~ C;)~-l~ ~ VlLL~ :;Ln c;) n11\~ Vl 

~'l,J'tltJ~~Vl mlJ1ruutlilJ~L\-Il.I1:;:;U~~nlJ 
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- ~rH·nl~l1~~nl,~ ~ul~LLri Na20 LL~~~O 

- uhnru C3A 

'11. lJU'111,) (CaO) ... 

tfh.J1ru~u~uilhhnn LLt;iYillJ5nhnnu Oxide t;il~1 hhulUlnJ ~'U'111,) Yil 

lJ5mtn nU~I~ih~ifl1 ~~~"'Il n~1LlJUJ;\LL;~~rHLt\''l :i~~I"'1 ri~ \~ fl~un1V1Lncnnl :i LL(;Inrl,) 

L~U~IU 1~ ~1~~L5-tJn~1 ;L),JuuiWtlU~'lLti~Fl"'lln~ulJu 
" " 

. . 
t)VI~~u\Un1n'/~(;l~U~LlJ'U~fb'U\~qj"'l~il MgC03 ;~Li'i~Lc..J1LL~,)"'I~ Ln "' n11 

LLUn~'l \'" MgO LL~~ CO2 LLlJ n\1L~iJlJtltln 1,,,,ul~~'l'U"'I~~~~lJLtlu~ULijcn~L~~'t)"'I~tl~\'Ultl 
MgO LL~~Lri~LncnlJ5nhJ11mc;)ri'U"'I~L~i'itl'Unu CaO ~tlUh.jl(;\N~L~),J~U ~~ritl\'" Ln(;ln1:ihl 

~u~') 
" 

- tfhnru"ll~~ MgO \u~'U~LlJ'U~ 

- '11Ul(;1"l1~~ MgO (\IL~nlJln1 "'I~YillJDmul1m(;l:iiul~L~'lt(;l tJhj ritll"'LnCi1n1:i 

--1 . ~~fnl~l1~~nl'l1'" (Nap. ~O) 

~~fll1m"~tlnl, ~ ~~~l'U~u'LlJ'Uvl~"'I~~--1 c..J~ L~U\ un:iru~1-nlJ'l ~:i'llJU1~ 
lJ:i:::UlYl~YillJ5mul nUfl~ fll h~~~ n 1, Cifl-Jlc..Jfl mU'UfltlUn'iVI c..J~"lI't)~ lJnmm"'l~ritll "'Ln Ci1 011 

'11tnu ~'l ~'U \ ~ fl~un 1V1LLVln rl,) L~u~lumn ~~nlnLfn '11 \ un :iru~~l LtlU"'I:::~tl--11-nlJ'l ~1,)l-J~Yil 

lJ5mtnnufl~rnl~l1fl,)N:::L~~nH'~u=nLlJu~~ii~~flI1a~~1 

_I~_ _col _ ..r 
2.1.2 u!ln'1!1I~A~YlLnft'lllJ 

t1Dmtll1ifLft~i'lJ (Hydration reaction) 

n1 :iri~ CJl'l LLa ~LL'~ ~'l'11tl~~ Ll-JUvlLn (;1"'11 nlJnmtJ 11~ LC;) :ii'U"Il't)~~~ rftl:i~ nt)u'tJt)~ 
'" " ~ LlJUm(;ltJlJnmtnULn c;);U lu 2 ~ m~tru~~tl 

n. ~1 Mm~I:i~:::~ltJ=nLlJUvl"'l~a:::altJ \U~lritl \ '" LnVl l't)~'t)u \ U~I:ia~~lmLa~ It)'t)tl'U~'''I~ 
.... 0,,,, _ ~I , • ..1' 

r.JfllJnUYlI ~~Ln cnfllJ'u:i:::n~u ~~lJ'11U 



'II. n1~Ln~t1!jnw11:;~~1~'II~~LL~~tJ!1mulLn~~UL~U(;lr~~Cj,)'II~~'ll~~LL-n~L(;IUhi 

~ILtJUvl~~H~11fl:;tnutJ!1multJr:;UlYln~Un~1 Solid State Reaction . ., ., 

7 

t1!jnhn lt1L~1iu ... :;Ln ~~hryi-:j2i m~ru:; L~U 1 u·lb~ LLrn ... :;~1 ~U~1 rtl :;tllU LLtl :; 

1u"ll,)~ ~~ LtI"':;Ln~t1!jnw11:;~~')-:j'll'tl-:j LL-n-:j 

;L~u~t1r:;n~uLtI~,)u~lrtJr:;n~u~fllU'IlU~Lri~Ln~t1!jmulLtlL(;Iriu~~f;].nru.n 

~L~~I"'Ln (;ItI!jmm~~ lt1vh 1,x Uf;] n ~1-:j"'1 n ~~ ~n ru"Fl~lcl1flf-:j um ~-:jt1u 1 U~n LSI ... :;LLU n 

Yi"'I~rult1!jfi1mLtlL~riu'~-:j~lrur:;n~1J~in'lltN;UJU(;\LL~fl:;t1r:;UlYl 

., 
flflL;U~;~LnVl ... :;liltJ!1mUlr1U,j1ri~1,xLn~ Ca(OH)2 LLfl:; Calcium Silicate 

Hydrate(CSH) ~";1\nh~LtJU~'Jtl1:;~,)U ~-:jLL~Vl~1uztlLLfl:;~~n11Ln(;\tJ!jmU1il~-:j~ 

2(CaO.Si02)+6H20 -7 3CaO.2Si02.3Hp+3Ca(OH)2 

~1'tl 2C3S+6H -7C3S2H3+3Ca(OH)2 

2(CaO.Si02)+4H20 -7 3CaO.2Si02.3Hp+Ca(OH)2 

~1'tl 2C3S+4H -7 C3S2H3+3Ca(OH)2 

Ca(OH)2 ~L~"'1 ntJ!1mu ILt:! L(;I1.fuliI1 mi L~U(;\L Yi~ vi"il fl ru~ ~Uii d'Juc;i 1'l~ th'l 

~1n ~~il Y;L~'Il t1~:;~1ru 12.5 ~'l"lhuil~'lr1un1rn~n1~u"jJ~~m~n~U~L~'tltil'l~~1 n 

- t1!jmmLm~riu'~~L(;\1ritlL:jjU~'tl~ijLU(;l (C3A) 

t1!jmm ll1LVlr-R'u"ll'tl'l C3A "':;Ln(;ll1Ulh;u1~LLtl :; ri'tl1,x LnVl n11LLll-:j ~'J'tl til'l 
CJ" ~ ~., 

r,)~Ln'll~'l'llL~UVl~~~~n11 

3CaO.AI20+6H20 -7 3CaO.AI20 3.6H20 

~1~ C3A+6H -7 C3AH6 

L~~~u')~'W1,xLn(;lu!1mu1n~ti1~1,)~L~,) ~~1~utli~(CaS04.2H20) L;hltJ1u 

1:;~~I~n1:;u')un1ru~;Ll.luvi" utJil-J ... :;liltJ!jmmr1U C~ ri~ 1,xLn ~iu'll'tl'l Ettringite UU~') 

'II~'l~'¥l'fl C~ ~~~~n11 

C~+CaS04 .2H20 -7 3CaO.AI20 3.CaS04.12H20 (Ettingite) 

iu,~~ Ettringite ri~1,xLnVln1r~U,)'ln1~ri~~')"jJ~~ C~ LLtl:;";1n1~ri~~'J1u"li,)'lLLrnn 
~. ., 
;u~~nutI!jmmlt1L~riull~'l C~ LLtl:; C~ Liju~')u1~qjuviiu'll~~ Ettringite "':;Ln(;lLLN~U 

~~1""nL~~m~1rull~n~~Ll-n~llN~Un ... :;Yh1~iu'll~~ Ettringite Ll(;ln'tl~nLLtl:;lnVltJ!j7Bu l 
lt1L~~u C:f. u~lritlLn~n1m(;ln[;\',)"':;Ln(;l Ettringite 1"'l-h;hltJllYlu~d'jun11ml,)'ltJ!1mul 

I ". .. '" I I 

It:IL~rlu~nflf~,,,u~;u'''tlu ... :;djutltJl'li1LtJ'''Un1:;l1~ Sulphate Ions ilill~ 1 ru hh Y; U'l.,..'tlYi ... :; 
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ri'tll~Lil(;) Ettringite ~:;Ln(;)1l~nhJ11t1L(;l1iU"lI'tl~ C3A L(;lmtl~tJU Ettringite l1huu 

Monosulphate 

, " 
tl~mtJ11t1L(;l1-nU'lI'tl~ C4AF u~:;Ln~1u-rl')~~h.! L(;ltJ C4AF ~:;li111~mrnn1J 

Utlil-JLL~:; Ca(OH)2 ri'tll~Ln(;)'tl'ffllf1~iiltlil~L~n'tlULiil-JlI'tl~ Sulphoaluminate LL~:; 

Sulphoferrite ~~fll-Jn11 

4CaO.AI20 3.CaS04 .2H20+Ca(OH)2 -7 3CaO(AI20 3.Fep3) .3CaS04 

L,)~1~1ii1un11Ln(;)1l~mtJ1\tlL(;lriuml-J1ru 80% 1I'tl~flI1tl1:;n'tl1J'M~n~~ 4 LL~(;)~~-.1 

lu~n11~~ 2.3 

~1'i,j~n'tl\J~an L'J'a1 (1U) 
--

C3S 10 

C2S 100 

C3A 6 

C3AF 50 

2.1 .3 c:J.:J~U,ju (Limstone powder) ... 

... 4 ~" 
lJUYln ~') (WWIN.reade.com/Products/Minerals_and_Ores/limestone.html [1997]) 

~1~~-.1~ln~U~~'tlfi1nnYltJ1"l1tl~ii;LLnU~LLvi~ L(;)tJ Louis Vicat ~fi'I') n1'l11')clf-lLfi'lfll u-rl')~t11830-

1840 ~utluiim1nILij(;l~LLVlnvi1-lnU'M~1tJ~fi 
" 

" Ln~iiutlur.i1u,)Ul-J1n;U~-l~:;L~ul~1J1L')rutll')~'tl(;l~'tl1l'tl-.1iJ;LLnU 
'" 

~fi~ fI 'tl~ LiJuC-J ~ l-J 1~ 1 n LLU fin L1mL~ :;v.'I! L 'I! ~ ft L~ tJ ') 'l!ij~'M ~-.1;-l~ :;y'hllnmtJ1 LLfl :;Ln (;l 

LLfI~ L;tJl-J f'nflJ'tl L U(;I;-l Lilu~')u1l1:;n'tlu'lI'tl.:Jiiutlu 
'" 

~fi~~Il-JLn~'"l1nn11')1~~')nU''tlmtluiu1 LLfl:;iiLLNn(;)l-J'Ml fi'11'~n1J~,)ulh:;n'tlu"lI'tl~ 
iiutlu~1~~ln"llln~'I!"lIlni~~ 

" 
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"lI ru:;~ tl~ ~t1~:; ntlUYl1~ Lf')i1"lJtl~ ~~~UUUl'lUrj1tl~ ~u~:;nl)U~~ n ii1'il LLFI~ L;~n.j .. 
tltlnl"l!~~~LLflfMlu(;nr1~~ 2.4 ~~LL(;]m;h~91nUtlf(;]LLflUWiUJu~~i1tl~roltl~:;nl)U~~nii1tl 

100 

90 

?O 

60 

~ 
~ 50 

~ 40 Ry Ash (FA) 

- - Brick Powder (BP) 
30 

-.\-- Portland Cement (PC) 
20 

-.-Kaolin (K) 
10 

--Umestone Powder (LP) 

o 
0.1 1.0 10.0 100.0 

Particle Diameter (vm) 

Sieve analysis 
of sand 

1000.0 10000.0 

'itl~ 2.1 "lJU1~'ilW11 f')'lltl~~~~utlu (Sahmaran LV~:;f'lru:;, 2005) .. , .. 

'ail n'l "Ii t'1 'h~Ut'1tlilfj;1u.aut'1 ~utlu ... 

CaO 62.78 51 .45 

Si02 20.22 5.42 

AI20 3 5.34 0.59 

Fe20 3 3.20 0.2 

MgO 2.26 1 

S03 2.38 0.17 

Na20 0.29 0.24 

~O 0.11 0.02 
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- t1-- ... 2.1.3.2 n1nnR !Jn~tI'LfI~ 

~1 n n11~m;1n1jLn ~U~mtJ11:;~~1-1~td; L~tdt;l LLfl:;e.J-1~'IJ~'IJ~'JU n~~)-1 

'flVl1U\~~ L~ nVl1Tl'IJh.j'lfl1~ LflU YnJ~1 n11t-D' e.J-1~'IJ~td~:;-rl'lU d-1 n11Ln ~U!)iBU 1 t ~ flU 

~t.!;L~t.!j;f~-1lU~ 2.2 LLfl:;~~ 2.3 L(;lU~U~1Tl~Jl1f')LLf'lflL;U~rnfuTlL'IJ(;\ (Ca
2
+) vll~i.h~djt.! 

~'JLi-1m1Ln(;lU!)fmJ1t~riULLI"iU;U~;~Ln(;\'ltlL(;l1J;) (C-S-H) 

.1.... d .... 1 ... 
'iuVi 2.4 f'I~t.!I11(;\e.J~~e.J-1~t.!u'IJ'el1U 7 'Jt.! (De Schutter, 2006) 
" '" . 
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__ 1_ col " ., 

°nl'YI 2.5 fO)tl'.m1(1l~'ll.ltl1U 7 'll.l (De Schutter, 2006) 
~ . 

2.1 .3.3 n1ru1 'tfli~1U 

LL l.I'lYl1'1 1 l.In11u1
l

hJl "tl'l ~H~l.Itll.lYiU~ 1 ~ 1~11nU1 11Jl -n~ l.I'l1l.1~ ~ 1 U 
" 

"' 
L"J!l.I n111i'tl.l'l1l.1Yi~1~~n U1'l~:;~tlU Lill.Iri'll.ltl1:;n'tl1J~'tl'lLLfh l'~1~~1JU1~~U1L~U l'Lill.I 

~'Jl.Itl1:;ntlU'll'tl'l£J1~1LL~~'l ~'J1i'I L~'il~ L~~:; U1 U1~~l.I t.J ~ (;IJl ru"L~~ mL~:;ll.1n1:;u'Jl.In11~ tl'l 

L~~ :;~l"jih ~~ nLill.I~'Jl.It.J~ ~ tl ~~1~m'1~ n1:;C;11~ 1,1 '\.An 11~ n 1i'I~1(;11~ ri'Jl.It.J~~'ll'il'l • 
0-

'tl ~~1'\m11~'tl1~11i ~rf l.Itl n"'l1 n;ju'l~1~11nu1~11 i't 'W'I1'W'tl(;l~1~ n11~ritl~h'l~n ~'JiJ 'el1Yi • • 

2.1.3.4 n11t.1~~t.I~ihnJ'U tU".-af911 
" 

n11t.J~~t.J'I~l.Itll.lll.1~'tlf~1LLumill.l 2 ~fi~~ n ~'l.n 
" 

," " 
LLYl't.!'vh1'1m~1(;11~ffill1~t!n 

, , ... 
'll . n11t.J~~LYl~ (Addition Method) Lli'lulrit.J'I~l.Itll.lLYl~Li11tll'UfO)tll.ln1~L~u ~fitH1Ul-J 

" 

Ii' 
2.1 .4 U1 
", , 
111~1~~Ut.I~l-JfO)'tl'.ln1~i1~,j1li~trnfitl YhtlDm£J1nU;~l.IL'ltl'tlf(1lLL~l.Ic;\L~'tll~Ln~n11 

4'u r;i'JLLt.il.lflut)~ c;)t.I~~l11 1 ~ Ln '" n11Ln1:;~'lLill.In'tll.lLL;'1 "J!,)£J LfO)~'tlU~'Jt)~ "'t.I~l-Jl~ Lilu n L~'tln11 • • 

"' ", 
'tl£h'l~ :;C;)'J n u.~:;~~'tl L-if1 LL1Jul~~1l-JP1tl'ln11 ~'1t!l.IfJCWl1Yi LL~:;m~1 ruU1~'l djl.ltf"'l4'UYi ~1 ~ 'l! 

I ~ I " I 

lii1t.J~L?i'tll"hn1~'1~ULLN~"'''lItl'lfO)tll.ln1V1 u1lill1~1t.J~~1't.!fO)'tl't.!n1~'"I:;P1'tl'lLiI't.!u1li~ :;'tl1'" hJ5:i 
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~1,rU m'~ c;\1'1 ~lffiUYl1U LL~:;I1l'tl'lii~'ll~'liU'WLnU 2,000 ~'lUalU~'l"l.l ~~:;~'Ic.J~~'tlFlruJll Yi . . 
, 

~~1L~~'tl 

(;l:;n'tlu~~11"'Ln~~'l1~'ii"l.lLn"l.l~1V1~~1U 'tl1"~11"'~'tl'l1;~lill~1rul.Jlnn'hun~ Ln~ . .. 
n1~~ ~ ~'l 'D'tl'l ~fl"l.ln'1(;l L ~ l.J l.J 1 n;"I.l ,"1fl1 UU1'1 Flf'l'tll"~11 ~ Ln ~ ~ ~l U Ln~ 'tl ~n'l FI'tlUn'1(;l 

~ ~ 

(Efflorescence) Ul Vl1~ 1 "I.lLPl~Yl nT/nLLYlUUFt U~:;~11~UYl1U1uU1 yi11 ~ FI'tl"l.ln1(;lu ''I~'l·jh 

UflmtJ11tlL~riu'Dfl'l;Ll.J"I.l~if1~'I U~:;l'hrili'lfuuNY)"'~~~H tlni'ltT'I'tl1~Yi11 \\ Ln /nYl'tl~'tll n1 PI 

m~1rulJ1n"lUn~:;Ylu~'tlfilii1i~fuLLNY)~"lI'tl'lfl'tlUn'1vt 1u'Itu:;~fl1fu'tlLUPlLL~:;luFl1fu'tlL"I.lVl 

~11 '" ~flun1V1LL;~ ~'l L1'l Ln"l.llu Flfl"l.ln'1(;l~l~'I rili~fuUNtl~~l ~1~iii~ L Yl VlUUflU L~U~ ... 

illlJ1ruL~mj'tlU ~llJ1HI~11~FlflUn1vtri1i'l~/n~'Il~L"liUnU (U~:;ruVl fl~U1:;~Pl1, 2541) 

mlJlru;~LYlVl~i1c.J~~'tlri1~~fuUNfl/n'D'tl~FI'tlUn1vt U~~'I~'IVlln~~ 2.5 t~u1~fi1rili~fu 
, 

LLNtl/n"ll'tl'l Ft'tlUn1Pllh:;u:;L'l~1 28 rju~ ~~~ LL~'tl1"~'Ic.J~ 1"'n1ul'tl ~'l LL~:;n 11LL ~~ ~'l"ll'tl~ 

FI'tlun 1V1 L~'l~UL~'tl~"l n Ln ~'tl"ll'tl'l;~ L y.j VI"I:;~11 "'nl~vtnc.J~n'fl~U'il VlYl1-~ 1" li"1l ~~ ;"lI 'll ~ U 

LPI~1i!1J [;]~ (2540) mh'l~1~11~:;~lU Ln~'tl~UYl1UU1'11U~ 'tl1"~11 ~ n11n'tl ~'l U~:;LL''I (;]'l ih~ 'I 

L"llU Ln~'tl"ll'tl~ ~'In:;~ Yl'tl~LL~~ VI:;~'1 LL~'In111~ u~:;f;i1Jn L"liuLiiU'lnuYlfl~LYl(;1 fllfrDLUVI LL~:; 

U'tlL~(;l t~U'tlU t~~1 "'~lih:;c;iu FI'l1lJ L iflJifU"lltl'l~1~L~fhnl~uhnu 500 ~'l"l.l1 U~1U~'lU ~'I . 
.... , 

'tl'tlnlJ 191nL,"l.J'il~LL~ 

Vl1n.:J;\ 2.5 r'hft-l'1ltl 'H'lfl1.m1V1~flVl~-lL\i'tl-l91ni~ly.jvt~t1UtlfJ'1U~1 (t1~:;ru(;l fl~1..h:::~l1I'i'. 254 1) 

0.5 

1.0 

4 

10 

'W~tnH1un11c.J~lJf\'tlUn1(;1L~'tl-l~l nYhl~ 

rili'l~/n~'I'tlUl-l) .. J1n 

" I • '" 

ulYiii fl'l1lJLUun1/n,"1fl c;i1-lL ~U~ L~ nUflU 'tl1"1 'Wih l"'U1~iJ ClJ,"l nu ~'tlun1(;t 11 ru:::Yil!1 

~i1lli~lrut'L~UlJ,"ffi tUU(;1~ l;UlJLv/n1fln l'~Lnu 500 ~'lulUthU~'lUfl19~11\\ Ln/nn11rifl~,) 
CJ I 0 ..,...... q 

l1'llL~:::~1n1~-lrullN'il/n'1lfl-3F1'tl"l.lm'VI~Vl~~ 

fl'tlUn1V1l1lfl-l n"11~ llll.Jl ruL YiU-lYi'tll ~'tll"'~1lJl1Cl~ul,"~ LihLLtJu,"~'tll~ Llr;i n111~ 

mlJl ru~1lJl nLnu LU'tll"~11 \\FI'ilun1(;liJ~fllYi L~~,) ~'1tl1"iif\'l1l.J~:::~'l n r;i'tl n1 ~LYlLL~rhrili-l 
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fUlL~~~",~l"''1:;ilf'h~ltH '11nvt1n~~ 2.5 "l:;L~~~If'hih~~fuLLN't1"'LlJ~~"'~,)~tJn~wlu 

~(;W'~,)~~1vi,[);ll.J~vl 

~1~1~fun1~tll.Jlil~~1~R'[)~n1~Uf'[)~n1~1~"J1ru:;~LL'i~vi,)Ll~,) Uf'tl~ltl~~1~:;m'" L~'tl 

i:l'[)~n~n1~t.l~m:;YlUvi'[)ri1~~'t1"''1I,[)~R'[)~n1~ ll~:;~,[)tJLn'[)U~~')'t1'!Ln"''11nn1~1-D~1~m.hntll.J 
1'l'[)~n1~ ~,)U~1~1~fun11H~1~.rt1",ti~'W~1Ltl~Uf'[)~~:;m"'l~n'[)UnU~1~1~fu~')~t.l~l.J LL~:; . 
til.J LLvinR,)1Lil~~1~~:;,[)1!7lyt'[)t1l.JR'l1 hjil~~ Ln~'[) ~1,[)~1ffiUYl1tJuu,[)~ Lytn:;,[)1'"llR~,[)U~,) 

.r~ V1 t.l ~l.J LL~:;li11 ~ 1'l'[)~n1~~1"'n1~-l't1"'~ "'~~~ ffiLL;~ vl,)-D1 • 

2.1.5 1",~'-I"'l.J (Aggregate) • " . . 
.r~ ~ ~~l.J ~1,[)U1-1Rf-1L1uO'h)J'l~~,)l.J lt1~.r~ ~l~'[)tJYI~1f'l '1!~1~fun1~~ ~ rMI~'lI\11'l 

t"'tJ'"l:;LLYlmU~:;~1um:::'11tJ'[)ti~'l;l)J~iLYf~vl ih.fil.J1ru 70 - 80 Lu'[)fL;Uvl "ll'tl~~ 'l~t.l~l-J .. 

vi,[)~1~I-1L"lIU~Ll.J~~) illl.J1"'~"J1,[)~f1'[)~n1",hilu~tJ~uU~-1l.J1nl!n (Volume stability) LL~:;~ 

~1~rutT~"lhtJ1~f1'[)'Wn1~ilnR1(ln~-1 nl~-1LL~:;~l-J~Yl1-1mtJfl1Yf"l1'tl-1.r~"'tJ~l.J~~1tJ,[)th~iJtJ~ -.. . 

~1l-J1Hl~1LlunLtI~~,[)-1U~:;unl"'1l.J'1I~1"'~,[) 

n . .r~~t.l~l.J~:::LiitJ!7l (Fine aggregates) Ltlu.r~~~~')'Wl~cY~1l.J1Hl~!)"'th~ 

~:::LLnNi,[)'Wl.J1"'~~1'WLtJ'[)f 4 (4.76 i1~~Ll.J~~) 1~ LLviUf'tl-1hh~n'1~Lil'W~~ (0.07 iJ~~ll.J"'~ ) ~1!) 
~ , 

. . 
d q G 0 

~:;,[)1'" l.JL~~tJl.Jfll.J LL~:::'1I~1"''II,[)-lU.J'''~l-J1L~l-J,[) 

'11 • .r~~tJ~l.J~tJ1tJ (Coarse aggregate) ~'[) .r~~~')'W1~qj~A1~U~"':;LLm~i'[)~ 

l-J1~~~1ULU'tlf 4 ,[)1'1iltJ1-1~'lU~ft:::LiitJ"''[)tiLh-1uvi~'tl~hiLnul.J1'"~~1'Wri1~U''' .r~"'~~l.J~tJ1U 
4J 'U...." 

lJlUr1 ~UU'[)tJ ~1'tl n~'l'" ~'W~L~l.J1:;1~n1~Yi1Fl'tl~n1[;lUf'tl~ilL~~tJl.Jl.Jl.JLL~-1 ~')"J1~"J1~::: ~"'~"'vl,) , , 

~1 LL~:;Yl~vi'tln1~~nnffiul~ Llft:;il~,)'WfI~:;~ L~l-J1:;~l.J "J1U1"''1I,[)-1~U t"'tJ~') lu~1-D nu'[)u"l:;,[)U .. .. 
1'W'lh~ 4.76 - 76.20 iJft~U.Jvw (3/16 - 3 U')) t"'tJ~1l.J11mLti-1'[)'tlmi'l~~'Wci'[)mu!)f 1 ~~iJ"J1'W1'" 

" 
4.76 - 19.05 iJ~~U.J"'~ (3/16 - 3/4 U')) ~~u'flmu'[)f 2 il"J1'W1'" 19.05 - 38.1 0 iJ~~Ll.J[;l1 (3/4 -

'" I" " 
1 ~ U')) LLft:;~uci'[)mtJ'[)f 3 Y1iJ'IIln"'vl~LL!1i 38.10 - 76.20 iJ~~Ll.J(;l~ (1 ~ - 3 U,)) .r~"'t.l~l.J . 
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~tl~ihYi ~UYltl~'"I:;~ IlJ 11(1 Ci\ Ci\i1J~IUfl :;LtlU~~I~f1J m?, UIU vi' 'J 'tl-l~ 1 L ~tli1tl~ n Un1nLI1l n ¥1 'J 
~ . ~ 

~'JUFlfl :;ihJfltlUl-llJl n ~tl Fl'Jll-J~llJl?m;l,nU 1~ LLfi :;mlJl ru~ LlJUt;l LLt;l fI:;ntlU~1-'t) 

tl'Wll Fl'l1tl~.r~Ci\tJ~lJ'"I::;U\tl-l (1 n~tll\'lJ~'JtI:j Ll-JU~L '"~~ 'W':il.r~ '" tJ ~ lJ,rU'"I :;i:J"lJU1Ci\L~ n~1-'t) 1 ~ "j 
, 'II ".. .. ... 

t)~ "J~t11Utl1'"1i:JlJl n ~-l¥tltlfl:; 45 'I1tl~llil-Jl11l1t)~~~tI1UU~-l ~~,ru 1 uYnaJDilli~-l,rn'"l:;i:J nl~ 
ri1~uCi\lJhJ1 Vl~'I1 tl-lt)~ {;l tJ ~lJfI:;L ~t1 Ci\ ll\' Lyh nmh:;l-Jl ruFl1-l~rt-l"Jl 'a-l mlJl m'lltl~ t)~ (;l CJ fll-J~ tJ1U . . 
~ LL ~~ LLt;l L ~ 'all\' ~'JUtJ ~ l-J'lItl~ FltlUn1Ci\~It1 IRtlnl ~L Yl ~-l1~i:J nl ~nl~U{;l'ii 111 n~'JutJfllJ'Dtl~t)fl(;l 

tJ~l-J'\-ltJ1Ult)L{;ltl'arj~::;~~I~ 1 : 1 Yz ~~ 1 : 2 Yz 
'U 

mllJ ri 'J~~1 L Yi 1 ::;~lJlt1 ~~'ii Vln~'JU'lItl~~I~~nlJ'JfI ~'Jl.J 1 Utll n 1 PI L ~ t1U nU~I'\-l~n'll 'a~ 
~1~i:imlJll1mYhnu~'t)ru'\-lIli1L~mnu . ~ 

mllJri'J~~ILYll::;mj~'atlmtlu ~fllmh::;L1l'Yl ~~~ 

2.3.1 f\';IllJr;h~--ilLYn:;ilJ1..I'icU (Absolute Specific Gravity) ~lJlt1~~ 'iiCi\n~(m .. 
~:;\dl~~I~~n LL ~~~i~ 1 Utl1 n1 f\'tl~l-J'JfI~'Jl-J LYiuunUl-J')fI~'JlJ LCi\t1 hh'JlJ-rl'a~~I~ lul-J'JfI~'JlJ 
-K~~LUU''a~':il~llUCi\~~I;lJ~IUL;hhJl~ (Capillary pores) LLfI::;,UCi\~~I;l.J~IUlljHl 
(Impermeable pores) ru tlru~Ili1L~mnu 1il~,rullJn1~~IFh~~n~I'J~~cXtl~yi1n1ruCi\t)~Ci\l~ . ~ . 
fI:;L~w~ritlU L~tli1tl~riUn11Ul"litl~':il~,ij(;l~~11lJ~IU'Wl~ (Impermeable Pores) l-Jl~Ci\ 'LLt;l 

nl~~1 tCi\t1~fi~~ n ~1'J i:J Fl'JllJfI::;L~U Ci\ Lnu hJ1U~IUFltlUn1-111 ~~,ru 1 U~luFl'aun1I11i'J hJ'"I ::;(;1.) 

~1-rltl~~I~lu lJ'JfI~'JlJ,ijCi\~~';lJehuhJl~ (Impermeable Pores) ,rU~tlLtlU~'JU~rt~'Dtl~ 

lJ'Jfl1'Jl.J tCi\t1"Jitl~t)I~lUlJ'Jfl1'Jl-J ~'"I::;n~I'Jt;ltlhJ~I~funl~'VlCi\fl't)1J~ fitl -ritl~':il~'I!UCi\ ~'~1 
~1l.Jl~(1;lJ~IUl~ (Capillary pores) 



15 

2.3.2 A'lI).!r;h-3r.ilLYn~ul'i"l~-3 (Apparent Specific Gravity) \UJ1t10-.1 ~(;1n~')'U 
.... I I .... '" • I I 

1~~~'-.lU1~t1n'lltl-.1).J,)fl1,)l.JtlULL ~-.lYii-.ll 'Utl1 n1 PI LYitlunuu1~t1n"lltl-.1u1Yii-31 "Wtl1n1 PlYii1 

m).J1(;1~LYhnm.J'lfl1'l).J lVltl hJ 1'l l-l-rltl-.1~1-.11 "Wl.J'lfl ~,)l-l~~1~1).J11(l;).J th"W 1~ (Capillary pores) 

ru tlru\mi1L~mn'U LVltI~1tJnl"11LYhnu . ... . 

2.3.3 A'l')'! tl'l-3r.i, L l'tl~~111l't u,r-3 (Bulk Specific Gravity-Oven Dry) 
" I I ... '" I I 

~ IJln~,)'U1~~1-.1lh~t1n"lltl-3l.J'l fl1'll..JtlUU ~-.lYi-D-.11"Wtl1 n 1 PI L YitlU nuu1~t1 n-n tl-.1111 Yii-.l1 'Utl1 n1 PI 
, I " I'" 

Yii1llil..J1 (;11 Lyi1nlJU'lflnl.J Lcnunl.J~'l"WYi LU"WL Utl LL;-.1 LLfl ~-rltl-.l~1-31Ul.J'lfl1'll..JYi U1 ~ 1l..J 11(l;).J ~1'U 

1Jl (Capillary pores) ru ~ru~IJi1L~tI'lnlJ lVltl~!UnI"11LYhnu 
" o ... ..-

lJ1 ~'Unl..J,)fl1,) l-ltlU LL~-.1 
.... ... I ... 

u1~t1nu1Vinml..J1(;1nYhnu LUtl).J,)fl1')).J + -rltl-.l~1-.l1lJl.J'lfl1,)l.J 

• 0 ~ "'~ ., 

2.3.4 A'l')'! tI'l-3"l1 L l't1~~111l't'tl)'! (;l'l t.I'l U ~-.1 (Bulk Specific Gravity-Saturated 

Surface Dry) ~l.r'ItJO-.1 ~(;1n~'llJ1~~~1-.l~1~t1n~i-.11'Utl1n1P1"l1tl-.l).J,)fl1,)l.J nU~1~t1n'1ltl-.l~1 
fl1t11lJ-rltl-.l~1-.l~~1~1l-l11(l;l.J~1lJ1~ (Capillary pores) 

LYi'lnu 

~1~t1n~1~i1ml-l1rMLYhnu L~tll.J,)fl~,)l.J + -rltl-.l~1-.l1'Ul.J,)fl 1l) l.J 
n1~R1'U')ruI"11 t;j1-.1 11 "W-.11lJFltl"Wn1-(;1 L(;ItlU n ~t!'U~tlrj1l.J,)fl1,)l-lt!'Utl ~1lJ~fl1Yi~l..J ~') Cj') 

LL~-.1 (Saturated Surface Dry) Ltitl~~1 n~,~ (lnnntlu1 'U-rltl-.1~'~ llJl.J,)flnl..J~"w hi1~i1 ~'l'U 1'Un11 ... ... 
'" I t '" ", '" 

li1unmtJ1nUU'U;Ll.J'U(;]L~;jtl"W111YitluViih (Free Water) (;\-3t1lJ~-.l ~tl~1111 ~-.l mh')t1"WL1'] 'U~l)'U OJ... ... 

2.4 A'l1)'!~I)'!I'itl llJ n1'iYi1-31lJ Lc;l' (Workability) 

FI,)1l..J~1l.J11C11lJn11li1-31"W 1~ LUlJ~l.JU~U1~n11~~-.l'lltl-.lFltl'Un 1(;1~ (;I ~~ i1 FI,)1l-l~1 A'lJ 

l..J1n -D"II,)1tUJ Lf'lr1'tJ1.J(;11 (2539) 1~~m~~flrj1~l.J~"lItl-.lAtllJn1~~u;-.1~,)LL~'l L-rl"W1"11rh~-.1fu 

LLNt1V1 n11A-.1A'l Fll)1lJYl"WYl1"W Ufl~n1~;l.J'tl~~1 Li'l'U~fl).J191nnl1t1V1LLUlJ LL'«~nl1lil1~ 

Fltll.ln1(;1t1(;lU U'U 1,)lJl tJ~-3 n11"l1"W ~~ n11L Ylfl~ LLUU Ufl~n11Uvi-.1 Cjl)~ih l(;lU hJn n11UtI n ~') 
. " " 

(segregation) ;~ftl)"WLLvi LUlJt.J'«l..J1~1 n Fll)1l.J~1l..J11mh.:n'U 1~'IItl-.1F1tllJn1(;1~ (;Il1-.1~"W 

l(;ltlilU1l.JLLftl) Fll)llJ~llJ11(l1 'Un11li1~1lJ1J\ ~tlml.J1ru-.11'U~1-n "Wn11~(;1 Fltl'Un1(;11 ~ 

U UlJ LC;ltIUl1 Pl91 nn11LLtI n~l) ~ 1tl t.J fl1'll.J' tl-.1Yi ~-.1-.11'U~~~L tl1"11"W~UN L~ tJ(;)Yl1"W1~~ rj l-.ltl'Ufl1 FI . 
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~"l~ritll"'\nVlO1~'tlVlullu'j]tl~f'ltlun1VltlthHUJU~nr (i'll'Ylf'ltJ LP\~lt~' 1111~, 2539) LL~lUYI1-1 
" .. 'i 

, ~ ~ 

f'ltlUn1Vl"l ~LLlhcrunutfhJ1ru'litl~~I~)i Ll Yl~n'tl~~~ldl-1 Li1tl fltlun1111 t~HJ-dtl~t)I-1il"l~Yil1 'tX 

f'ltlUn1V1i1F1,)I~lIU1UllutJtlU~-1 u~~f{-1c.J ~ (1-1 f'l1 n 1~-1 fu LLN-rl Vl'JI'tl-1 fltlun1I11tlUl-1~IWrlfl-1t)I-1~ 

LnVl;uLYiU-1ffiU~~ 5 ~1~11Cl";1 h~fhnl~-1fuLLN-rlVl"lltl~f'ltlun1111~Vl~-11~ii~1flU~~ 30 -d'tl-1t)I-1 

~tlU1UL;1tlf'l'tlun1V1~Il-Jl~mLU-1tltlnl~LiJu 2 th~LflYl Fitl 'litl-1~I-1~LiiVl"lln011~L'1IUlhl~ 
" 

(Entrapped air) U~~~LnVl"l1n~It\,)ULiiu (Excess water) ~1~LlIUtltlnhJ nl1~Vl-dtl-1t)I-1Yil1~ 

tVlm~tlnl,f{,)u~~l-J~i1'tll11nf{'lU~I~tl;L~Ul1I~1 .r~Vlc.J~~~i1f{'lUfl~:;~ u~~~~lfiru~tl-1i1nl1 . -
>-
QI ci I" <d 

4lL'1ItJ1f'ltlUn1VltlU1~ ~nl11tl-1 U~:;LytmYitl 

W11L ~~illl-J1ru"lltl~~11ut\'lUc.JfWYil1 'tX Ln VlnlnH-ltl~U"lItl-1'tl~111 fl~ln;u LLvil U 

'II ru~L~U'l rlUfiYil1'tX Ln",'litl-1~I-1llJL;1tl f'ltlun1(;1~ LL:n~ vl'l~1 n;u~'lU ~-1~Um1111m~1 ru~l~ 

L lIW1~~~ ~ULL~~Vlntl~i1ri'lUf'l~~~~1~11ClYil1 'tX f'l'elUn1V1i1 f'l'l1~~Il-Jl1Cll U011";1-11U1~ 

L~l-J;U~I'tl(;1nri'lU~~l-J~'tl; Ll-JUI1li1Rl~ Vl~~ U~ ~nl11-nYlnuluf{'luc.J~l-Jl-J1 n LnuhJ'tl141Yil1 'tX 

011Yil-11U~It1;U LL~;huunl1iuLU~'tl-1ill~1 ru=i L~Ul1I ~1 f'l-1 fhnl~-1fuLLN'tl'" 11\YI1 L~~ 

Rusch (1960) (~1-1ii-1t",u Nilson,1997) mh'lt)1 ill~lru~I~~fl~nl1L~tll'tX 
Ln",u5mtll1m",~iu~u'tlU·1-1~l-J1pnr~ui1Fhu1:;~lru1'tlU~:; 25 'j]tl~=iLl-JUv1 LL~lUVl1-1UDu"i 
~1 L i1'U~tl-1 L~h.J~1~1 n;unt)1~",f{'l'U~'l n ~1,) L ~'tl-d'lU L ~~ fl,)1~~1l-J11Cllun11Lfl ~'tlU~ 

(Mobility) 'jJtl-1~11U;L~Ur;lLVi~I1l~\.lt)1-1011Ln",u5mtJ11mVlriu LL~:;L~l-Jmll-J~1~I~ClYil'lIU 

1~'1I'tl-1flflun1V1~'" ~-1~utVlU~'llUU~'l'tl(;1n~'lu~l!1ltl;L~Uv1~1-n~ll1fUn1~c.J~~fltlun1(;1"l :;'tlrJ 
" 

- .. 2.5 FI'ilUn~V1'Ua'eln 

f'ltlun 1111'U~tlmiJu.r~Vlritl~ 11-1"DtlVll-l~-1 ~UtJ ~ 1, rlUtlUl-1 LL Vi ill ~IU 1 UU'"l"lUU tVl U Hi' ritl . . 
"'..... '" "" 

LiJum!-1rlU1l1tlnILLVi-1'Vl-1111Ulu U~~111t1U'iln'jJtl-1tllfll1 l-lr'tluLuuYluVl1,Hvl1 Y;uCluuLilu~u 
" 

~tl-1i1~~mil~~1(;11~1U~nll1u", tVltl ~~1 fl~YlVl~'tlU.r~ VlLL ~-1~lIfti'tlL~1n1 (The American .. . .. 
Society for Testing and Materials, ASTM) 1I1tlV11~J..Jl(;11~1U ~'tln.'jJ'tl-1u1:;LVlp\lYlu~n1wu'" .. 
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f'I~lw1-Vlu~~n lUJ1£J~-lLLYi-lf'l~lJnr~~~1"1n;Ll.JU"'tly)[;lLLflUc;) ~1 LLfl~r)~"'tHUJ ~ • 

LlUJ1~~l.J"l!11"'vi1-l1 L1U Ylnu m''llfl i;uu~u LL~~U1-lf\f-ltl1"i1~1r~U~L"'l.J1~~l.JtlU~~~'lU i]", 
LihLLUUl.J1[;lr31uLtluu~~nvi1-l1 f'I'elUnrVlU'~~n~1l.J1rmLti-l~tlnn.J1-l1 [;l1l.Jtlr~Lu"l!u1lJ01rl-if 

~~u dJuf'I~un 1-VlU~ ~ n ~ 1".fu ri~ t,llr-l LLfl ~f'I~un1-Vl1J~~nth"'fuu~u 
" 

2.5.1 FI~'Un'i(;11Ja'eln~1,..i'1Jri~~,r~ 

f'I~Un1[;lU~'eln~1".furi'elt..lU-l~1l.J1~Clr.i1LLun~~milu 2 LLUU l~LLri 

FI'tl'Un'iVl1Ja~nri~~tT~U1J1Jn'i'l~ (Hollow concrete block) ;-lLiluf'I~un1Vl1J~~n~ i1 

~mHU~n~'l-lLLti-lLtlu 2 'lI11", ~~ "l!11Ifl~~1l-J11Clf1J~1".unl~ (Load bearing block) H~1".f1J 

t..IU-l~tltlmLuullXfu~1".ununYln LLfl~~1~Umltl~f'lf)Un1~U~'elmtl-l LLfl~"l!1l1fl~hji\1'YI1Clf' I • 
" ...... 

111".un 1~ (Non-load bearing block) L(ilubJ~1l.J1rClnJl:n~UnUr1l1n lVl11~utln'"l1nll1".,rn 

f'I~un1-[;l1J~tlmtl-l lU~ 2 .6 LL~ Vl-l f'ltlUnrVl1J~'elnLL1JUnfl'l-ll.J1 [;lr31u~i1n1nJ~ [;lLLfl ~l-n U 

tl1~LYlf'\lYl£J 

FI~'Un~VlUa'flnri'flt..ltT~uU1.J~U (Solid concrete block) dJUf'ltlUn1-Vl1J~tm~CJ~Vl 
... ... 

Lll~1~"l!1l"'~1l.J1r(l full1".un 1~LYi1uu 

.... a.1 _1.1' 
2.5.2 fI'fl'Un~VlU'i'tln1J~'l41U1J'VtU (Interlocking concrete paving block) 

" 

Yi"11ru1~-l~mtru~ rtli1-l"lltl-lFltlUn1-Vl1J~~n~-l;u~un1J~t..I~[;l~-.1~ 
" " " ... 

n . f'I'elUn1VlU~tlntlr~~1u'lIYiU;LLYiFl 6 L'lIlJ~Ll.JVlr ~1".futlYl1-.1LYh LLfl~"tl"'nI ClUU 
" " 

f11U1U'el1Fl11 

"ll . f'ltlun1-[;lU~tlntl1~~1u~~U;LLYif\ 10 L'lIU~Ll.J[;lr ~1"'fuHf-.11U~~'el-lfu~1 ". un~-l 
ml1 fl1lJ"'elVlrClluLN-.11U ~ULn~-.1~uA'1 (lUU~1fi11ru~ 

Fl. "lltlu~ui;u; LL Yi f'I ~1".nJlif)li1''lItl1J~UYl'NL~U".ffi'1ltlU''lltl-l Cluu~tl 
" 

>-
o .. 

Yl1~UClUU 



ltJ~ 2.6 f'lt)'Un1V1ufhmrit)r.JU~LLUUnfi(Nl-J1mj1U UUUUfi:;"U1~~1~1 ("'~l:t6fi~hrUl1. 2546) 

n£Jfi:;Lt)£J(il"t)~Uftt)mLvl~:;"lIU(1) 1"'(il"1nnl 2.7 tl1:;nt)UL(il£Jij"'~n 1Un1H~'tln 1-if~~d .. " 

~1~11~~t)nnul~u~~ 

18 

'II . ~:;~~n LLfl:;~1£J1un1~t)l-JU11~ ~~m"'f;l~ij1tl~nb'ru:;d]unt)uvlt)L;j'fl~nU fl'flun1111 . '" 



fl'll~tll'l 22.5 'lI~ . 

fl'll~n11~ 11.25 'lIl-J . ~l.Il 6 'lIl-J . 

. " 
~1~fu1-n~ll.1Vl~fl~fuUI~t!n~~ L-rll.l ~ll.1"fl{;l~Cl .. 
1l.1tN~ll.1 tn~~~uFh Cll.ll.l~lfil~CU:: 

1 11l1n~Ll-JI1l~1-n 40 nfll.l 

fl'lll-Jtll'l 22.5 'lIl-J . 

fl'lll-Jn11~11.25 "lll-J . ~l.Il 10 "lll-J . 

. 

19 

.... '" 1 '" ~ t;; ~ '-' 
LVtflfl'lIl-J~::(1\'lnLL~::~'l(1\L~'l l.In1~~~I~Cll.ll.l 'lIllYH'll(1\ 

'-J~I1l"lJflU~U~ll~"pJ 'IIl.11{;lnr)I~1 5 'lI l-J.~~ 30 'lI l-J. 

tII'l ·1 l-J . l~'tl1-DYiI"lJ'tlUCll.ll.li11ltJ 

ml-JI::~l-Jl-J1 n~l~fu H fl'JUr1ltJ nUU~ 'tl mJ Cll.ll.l~ II Yi fl .. .. 

L'tl 1 VlI~I~~11l~1-n 35 nfll.l 

fl'lll-Jn11.:! 16.3 'lIl-J . fl'lll-JtI1'l 19.8 "JIl-J . 

~l.Il 3.8 'lIl-J . 

n . ij~LL~::fl'Jll-Jfl~l{;llfl~'tll.l ~1l-Jl-JII1l~~ll.1m::'Vl~'l-.l~I1l~I~nnl-J1iI1l1 l-J "'ln.:!~ 2.6 

llvil-JI"'~~IU ASTM C936-82 '\.~nl~l.I~ij~flthm11-.l1 t(1\tlflfll.ln1VlU~'tlmh::~ll.1tl~l.ILl~~:: 
4'1 " 

n'tll.l~'tl.:!i1fl'll~nr)l-.l U~::fl'Jll-JtI1'l UJLnl.l 140 Ll~:: 240 ijfl~ ll-JI1l~VlIl-J~I~U fl'lI l-J~l.Il~'tl .:! hi 

l-J1 n n~ 1 140 ij~ ~ ll-J (;l~ Ln CU-nfl'lll-J flfll (1\ Lfl ~fll.l '!I 'tl.:! 1"I'l1l-l n11-.l ll~ :: f1'lIl-Jtl l'l Ii l ~l.I (1\ Lin tI 
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.d • ~ ~ .aI .A ..aI I 1_ 

ASTM C936-82 ~F11 ± 1.6 ~~~l~ln~ "llru:;YlFl'lI~f\~lf11lf\~'llU'1l~NFl'lI~~Ul~FI1lYllm.l~~r;) 

~tl + 3.2 i3ft~UJI'I~ Ll'ltJ1~fiY1f11~,[}Ulnl~~II'1~fil\! ASTM C140-96 
- d 

..... . ... cO 

Ln ru"FIYl n1~UVl In ru"VI Fl,)I~Fl~IVllFl~'llU -. 

(i3~~UJI'I~) (i3ft~UJI'I~) 

hili)\! 295 ± 2 

60 ± 2 

80 ±2 

100 ±3 

120 ±3 

~1~r;) 3 
. 
1'11~1'I3 • • 

" . 
(l 'UYi1:;i\!ch~Ull1';h dju~) 

l1~1 : ~~M6fi~hrUYl~ (2546) 

'11 . FI'il\!n11'1l.J~'il nth:;~I\!U~\!~'il~iJl~'illlUU hH~I,) ll~:;~'1I'll~iU~'l~U 1 ~,[}~~~llfl~'il 
'II 

n1~Ylr;)~'ilUli1 Lf1ItJ n1~1'I~'l~~i1~ 

Fl . FI'lI~l~'Uln 

- FI'il\!n1I'1u~'[}nU~:;fllUU~\!~iJlnru"nl~\!I'I'1I'il~f\'lI~WWlhjlilU 80 i3ft~l~l'I~ ~::iJ 
'II 

FI'lI~l~tI~lU\!'lI,[}~Fl'lI~l~'Ulnl~l-iLn'U 2 i:lft~UJI'I~ 

- FI'il\!n1I'1u~'ilnU~:;~IUu~u~iJlnru-nnl~\!I'I'1I'il~Fl'lI~~UllnU 80 i:lft~l~l'IS' ~::n 
'II 

FI'lI~ l~tJ~ lUU'll'il~ f'I'll~ l~'Ul n l~'hiLnu 3 i3ft~ l~l'IS' 

~ . fhnl~~fulLN~I'I'1I'il~F1'll'Un1Inu~'ilm.h:;~1\!t1~ullvift:;n'llu ~'il~hjU'il tJn~1 35 
" 

UJn::th~Fl1a ll~:;fhl'U~tJ~'il~llJu'iltJn~1 40 l~n:;Ul~f\lft '1Iru:;~ ASTM C936-82 nl~uVll~ 

Llvift:;n'ilU'll'il~Fltl\!n1I'1u~'llntl~:;~IU~~\!~'il~iiR1nl~~fuLLN~l'IllJU'iltJn'h 50 L~n:;thflFllft 
L~)tJ1~R1L'U~tJ~lnn~1 55 UJn:;th~F11ft YlVl~'ilUl'll~~fi~II'1~~1U ASTM C140-96 

~. ASTM C936 n1l-1uI'l1ML~\!61tJ'ilfVlLLa\!r;\ LLft:;t)~VltJ'll'llL'lI~1u~1-n~'ll~dJ\!ltJI'I1~ • 

n1l-1\!1'I Lr;)tJ~I~1~(l1 ifl~~~t) ~ ~ c.J~~fi~~~r;)1 l-17'ilt) ~ ~ c.J ~ ~~1l-1,rnL U 1 (light weight 

aggregate) n1~~Vl;;~~1 L 'U~tJ'1Itl~ F1'ilun1I'1u~'iln~'ll~ llJl-i1 n n~1 ~'lltJft:; 5 Ll'ltl1 uLLvi ~:;n'll\!~'il~ 
iil'i1 hj~1nn~l~tJft:; 7 YlI'I~'llUI'l1~~1V1S'~I\! ASTM C 140-96 

d 
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o 'I" aI .. ..Jo " aI 
lJ'llJl13'l'U'Dtl~m'::V1r.J~~lJI~'l~n1nm'l~'U'" ~~ P'ltl'Un1lJ1tJ~tlnV1'U'llJ'lV1"'~tltJlJItl~lJtl'l~ 

LlJUtltm~'l 7 1''U 

'Il'l~lJI \llJltJ:: (2524) mh'l~'l ~fin'l1~1'l~P'ltl'Un1lJ1tJ~tln~~ ~inL~qj~tlYi'lL\\ftJri'li~ 

L~~~q f'I t 'U'DN::~~ P'I'l'llJ~'U'lU ~'UUtl tJ~q f'I U~::L \\LM LlJ'U,JUtl tJ~q f'I L Yh~~'l LU'UL ~tl LU'Un'l1 

~",ph1'~~ u~::n'l~f'I~'lrot::~~f'lUtltJ~~~'ltJ 

2.6 '!Iil·ui!ltl'7::LI1Y1'iltnn 

'Dtl~L~tJtl1::LI1V1~~'ln LU'U'Dtl~ L~ tJrot'l nn 1::tJ'l'Un'l1~'l~'D'l '" un'l L ~tlU'l'D'l f'I un'l nitJlJ'l 

L~tJ'ULfl ~lJ L ~tlutJn~~'lnm'::~'l~~~ ~ntJ'D'l~un'ltltln 'Dtl~ L~tJ~'l'Udrot::utJmu'U 2 tl1::LI1V1 

L~qj1 ~tl~~'lntJn/'prNer1LtJtJf u~:: L~~'l'D'l'l ~~,jtl1''Urot::~~~'lnlJ'lnn~'l1 0 t.J~lJInNer1 ~'l~ftJ 

itl~ 2 .8 ~in~N::P'I~'ltJn1::"''l~~~tJ~~n'l1~tJLn'''rot'ln~'l L'Ilf'l'l LvlP'l'l'llJL;rlJ;r'UffitJ~:: 50 L"'tJL 'U 

~ ..JaI aI:: .. 0 :: " ., '1 'I!1'I ' aI 
~'l'U'ULtI'U~'l'UV1lJn'l1tJtJ'U'l~'l~~~'l ntltl nlJ'l L ."tl'U'l'U'l~'l~'D'l ~ n~tJ ~tl ~'!l ~ ~lJ u~::lJn'l1P'1'ltJfIllJ 

.oj :: 'I"" ~ - ~ 1.1 ,J ~ altl .. ~ ., 
"'Ltl'!l'lltl~'U'l ~~tl~1::~'l'l~ 1 0 .5-11 .8 1.V1tJ'Dtl~L\'itJ 1::LI1V1~~'ln\'i'l'U'Urot::lJ 1::lJ'lN 500 n ~~n1lJ 

,jtl1''U ~~tl'lrotrot::~Lfi1~Un'l~~rot'lnn'l1;~~'D'l '" ~"'~~ (;llJ'l ~'ltJ n'l14''''n'l1'11tl~L~tJ L 'U~'l'Udrot::Yi'l 
n'l1lJ~n~tJl1'ltJ L 'UtJ1L'l N LN~'l'U 

~ .. .- .oj 1.1 .t , .,., 'I".J 
~lJn"'lJ."tJ'U~i'l'lnl1'l'!l'U::tJ1"tl'l~'l1lJ~~'ltJ 1::LI1V1 'D'Utl ~ntJi'l n~N::n'l1 ~'!l~'l'U L "lI'U 

.l' ' '1 aI ...,.- ~" ' ~J! ,.oj 0 ~ 
'l'ltJ 'l~ ni'ltl~tJ11'il ~tlfi1n1lJ U~::t.Ji'llJlI1Nerl'UlJ Lu'UlJI'U 11'l'!l'U::L~i'l'l'U\'i'l'UUlJllJn'l1'U'lLtl'l~lJnlJ'l 

... 
tort 'Un'l~lJ"i'l'l"'i'l'ltJitli~~'l'U'UtlnUi'l::~'l'U t 'U'Dtl~I1'l'!l'U:: n1lJ~V1tJ '1 fi1'l~ lJIftJ1n'l1 (2524) L~ 

~n~a~~~ntJ'Dtl~~~~n ~~tl'lrotLn~ntJ~tJ1L11P'1 L~ ~~~LP'l1'l::i~'l L~~::~,rn ~tJ n'l1LntJ ~'ltl th~ 

~i'l'ln~~n~lJ"tJ'Wl'l'!l'U::tJ"'inNer1r.JlJ 56 i'ltlth~ lJ'l~LP'l1'l::~~tJn'l1~n"'~'ltJi'lYi'l~::i'l'ltJ 
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r;i1~1 ~'tl(U~1Ji1 37 .8 ~~Pl1L"lI~L:ntl~ d:lUL'l~1 7 .)U ~~n1~1Lfln:;i~tJ~1()'ltln~:;c;nM!tlt,.\U 

iJ~~'"I'I.~Pln1)J 4 ~')~th~HiJ~N'I.'tlPln1)J'I.~ iln 4 ~')~th~hlL~)J1:;~1~ftJHtJ~~,,'l~Pln1)J t:1 ~ 
"" " " 

Yl)J~~iJL~~:;~,rn ~:;~'l W)J1ru 0.75-1855.2 i1~~ nf)J/nL~ nf)J LLflVlUJmJ 0-1. 71 ijfl~nf)J/ 

nt~nflJ 111 ~')~th~~tJLfln11t1)J 9.77 ij~anf)J/nL~nf)J LL~:;i)n 1 ~')~th~~tJ L"lILflLUtl)J 8.25 

ij~~nf)J/nL~nf)J 

, 0-

L~~:;mrn ~)J1t1~~ Lfl~:;Y1111'l'l1mh~~1L~1:;~..:JLLr;i 5 

~~~1~ 23-92111t11ul"niJ~ 4-7 '1I~~~1~1~fi1J;1 11~1U,)'l..rvY..:J~)J(?l 68 fi1J;1 LVltI~miru:;ir{Lu'1l~~ • • 

L~~:;~,rn'"l:; LtlU'1l~~ LL;~~tl ru~1Jijtln~ tI nL~U tl~~Y1 ;~ Lfl~:;~,rn~')ul~ qji1 "lru~wu~ 

fl~ 1t1 nu HI LLf) n1 ~U 1 hh'h LLfl :;fl'l1)J ~~u'l.~~ 11 fl') 1 )J,rU,)1,)~ :;";~ULL~~ 'I.~i;i LLfl:;L ~ i1t1 ') 

~1)J1~(1tidjumJul~ ~'lUflru~)JlliiY11~LI'l11~~1~ru fI'tl ihfl'1l~~n:h",iu (Oxidation number) 
• w 

'I.~~~1t1f'h ~..:J~1)J1~m''))JniJ~1~~U1 Ltlu~1~tl~:;n~iJL;..:Joif'tlu (Complex compound) 1M 

~fl1t1~tl~ L~ il tI~n~1 Lfl~:;~~~:; L"'tJ L~~1:;'tlth~ ~'l Lri'tl Lfl ~ :;~,rm'll.J ~'l ntJ~1~~uYl1u 
" 

(Organometall ic compound) ;~~1l.J1~(1 ci1tJYl'tl",~~~iJ:tl (;] L(?ltlc.J1'\J'l.tlJ;11l.J\h~ L 'lim~1~ l~ TJi1 

Lfl~:;L ~~1nLL ~in ~:;"1tJ~cil 'W~'lLL,)VI~~l.J LVltJtluL~'tl'Wl u~u ~1 'tl1 n1fil LLfl:;~~~aJ;1Yl1'ln1~ .., 

~~iJirlVl;..:J'tl1'"'l"';11 ,xLnVlfl'l1)JYfn1nLfl:;L~t1i)VlUI (LaGrega LLfl:;flru:;, 1994) L~~:;~,rn~ ltlu 

~'WVl~1t1r;i'tl~'1IJl1~"lJ~~l.J'WmJ~ffi~~ LL'lVl~~)J~~1~ru (~"l!~~'l~ ;'Wm LL~::flru:;, 2540) 'l~LL1i .. ~ 

" n. LLfl(?lL11t1l.JLiI'Wtfl~:;~tiluVl~ liB '1I~'lVl1~1'lfi1 (;] {11~,rn'tl::J;1~l.J 112.4 iJ'l1Lfl'W~ 2 
" " . 

~~u~tJlufi~~)J"l!1ti ~'l'W~~tJLil'Wwl.J1ru'.J1mrnLnVltl'W~~niJLLii~n::~ J;1::~'l Yl~~LL'M LLfl:; 

~iJn 1 'Wfi~~)J"lI1ti,r n~'ll.J ~') niJn1)J:;o'Wd:l'WLLfl VlL11 t1)Jifl 'I. ~ ~'l 11~ m~~~ LL~:;,r ntl'W~tiniJ LLi . .., 

i'lnd~i~'I.~c;l LLI'l(?lLi1t1l.Jl.rt'W~Vl~1~m~l.J~aVlLLn'l ~ Uti LLiJVlLJ;1~i L~~l.JLfl~:; LLfl:;H~~)JniJ • • 

m:;~nVl1)JU'tl'l ~LI'lNLLfl:;i'W~'Ct~ ;~"I!1'l~~'WL~tln hfln~1 :a'l.Vl-:a'lJ;1 ~~~~~i1tJJ;1~~fl1 tJ(i'lU .. 
LLfl:;~'Ct~'"I1 n~a.J Vllh:;~1 L~~ULL~'l" ::Lilu hfl~1n 
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"lI. LFl1LijmJ Lth..!fi11'11u~lJ VIB "lIYl~~1n~fi1~ ~1~UnYl~~Yl),J 51.996 "(;'I~~Yl),JL~~ ,) 
" 'J " " 

1,875 Yl~Pl1L'~L;tJ~ """L~Yl(;'l 2,665 Yl~Pl1L'1fH;tJ~ Fl,)1),J~lA1LLtiU 7.19 nf),J/ij~~~ ~1 11..1 • ... 
illOjlOjulAij n1~u1 LfO)~LijtJ),J),J11 iii. u LN~1U'llUL~~~Yltl n~u~~~1" e.J~ In~U1,rU-~Yi~1~~n • • 

., 
~1tJ11Oj L t11 LFlnijmJ L ih 1 tl., ~\111 ~ Li'1 (;'IYl1 n 1 ~L ilYl~Yl n 1 UUYl ~ LL ~~Yl1" r1Yl1 ~ Lfl "'),J~ L1~ 1~ 

., , 
Utln.,1 nilLfO)~~tJ),JtJ~Yi1 fO)') 1),J~~f')1t1 LR'tl~ vitll'l1~ L~U~1~1~Ujtlfuu~~'Vl1ULih ltl 

fO). 'Vl'tl~LL(;'I~ L1jufi11'11u~lJ IB "lItl~m~1~fi1~~1~Unt1~Vlt1),J 63.54 ""'~~'tlm~~') 1,083 
,,"U " " , 

.d d Q ..... .c::t. ~ClI. q 

tl~Pl1L'~L'tJfI '1(;'1LVl'El(;'l 2,595 'tl~Pl1L'Il~L'tJ~ Fl,)1),J~U1LLUU 8.96 m),J/),J~~~(;l~ 'Vl'tl~LL~~'VlYiU 

llA~J11,)~LL,)I11i\'tl),JijLm~~ri1Llj(;'l),J1'"11nLN~1u'llUL~~~ n1~~~t12J L~Yl),J \.f~'tlU""n1-L~~ :; ~ LL~ :; • 

~fl~i~Ln~UlALL~:;r,hdjlA~1~fu n1rn1~1lA"lItl~LtllA1,,r LLJ;iii1t1~n1~lum),J1n.!utltJ~'tl 11~n1tJ 

~tl~ n1~'Vltl~ LLI11~ Lytmt)lA~ ~ 2.0 ij~ ~ nf),J Ln~tl"lltl~Y1Yl~ LL~~ij~,)lA 1 un1 ~fI,)U fI),J n1~L~U L~"lItl~ • 
11-ln1tJ LL~~LillA~')Li~1un1~tl'tln;nLc;jiLL),J~n1il~ lh11-ln1tJ"II1~'VlYl~LL""~"~Lilu~u(;l~1tJJ;i'tl~U 

1~ LLvio1i1~n1tJ1~fu),J1mnu1tl\111~Ln(;'lL~f')L~~~1Oj1~1~ 

~ . (;l:;rr') Lilu fi11'11 u~lJ IVA "lIYl~~1n~fi1~ ~1~UnYl~~Yl),J 207.19 ., ""~~tll.JL~~,) 
" "" " " 

327.4 tl~Pl1L'~L;tJfI '1(;'1L~'tl"" 1,725 'tl~Pl1L't'H;t1f1 f'),)1),J~lA1LLtiU 11 .4 nfwij~~~I'1~ U11.J1L-n 

u~:;LtJ'Ilu1lA'Vl1~'tll'lfl1~n~~),Jvi1~ 1 L-n1..l n1~L~Yll.JL~~:; c.J~Vll'f~1f1~n ~~'tl~')~n'rt~~1~fu~l.J'; 

~ LLU(;l L(;ltl1~f.ltJlAj;J LL~~\111 ~ ri1~'tl m'VllA"lIYl~~1,r1..lfl~;lA~~Lilun1n ~),Jm),J1 ru(;l~~') ~n~1~ 
" 

I '" ~ I "1 I 

~:;~),Jl1..1~-lLL,)(;'I~Yl),J LYi~1~vl~U1 Vi'll LL~:;l(;l1"VlL-nLillAm~1~,rm.hnu'tluJhtlln~n')~~),J1"1n 

'tl(;lfl1~n~~),J~~ n~1,) L~'tll'l~rr') L;h 1u1 'W:h~ n1tJ.,:-;f.l nl11(;'1~l.JL'1Lu1un~:-;LLfI L~'elL1l "1n~uu1Lu . " " 
I I ,. I 

LiiufI:-;~),JVl~u LI'I LL~:-;n~:-;lnn I'I:-;n') u1~~')u~:;(lniut1'tln'Vl1~u1~LL~:-;'tl""11:-; l'I:-;n,)~1),J1~f.l "" ~ ~ " , , 
LUuuu~ n1 ~flr1~ Ll4 (;'I L~'tl (;'ILLIn~"lIYl~1"l1 m:-;I11m;11~ Ln~ hfl t~~(;l"1~ LijYlfl~fI),JVllVl'~:-;'Vi11~ 

" 
U~:-;~Y1 fiJ11Yi n1~\11~1 U"lI'tl~ 11'1~ In ~~~ 'WLn 111m n1 ~ 1~,)1tJl~ LL~~tJ~YiU~ orh 1'1 :-;rr'l~~L i11u 

'Vi1~1m"1i~ff~),J'tl'3LL~~tl~~fl1'Vl\111 ~ Ln (;'1m n1~vi1~1 Y11~fI),Jtl~L'liU Ln 1nJ11Yi~~YlU L1tJU~~'rt:-; 

f')~),JfO)j~ in dJU~),JYi1(;l u')(;'IYlYl~tl~h~~1..ILL~~LLvi~1LL~ti~1lJLLtilAYlU tiYlULYi~tJ '\!I),Jlnfl~ LL~:-;(;l1tJ • • 

~l.JYI~U~1n1~ Ln(;'ln1~L~utl')tJ~'ltJYl1n1~~'rt"lItl~(;l:;~'l L~t1~1Oj1nijn1~U1 LLUI'ILl'ltl1~L~nL-nLLi\'') . 
" J.I t '" 

LUf.ll.J(luULi1~lJ,j1u \111~u1H''tltltnflu1tnf') ~n,j~ ~nn~L~I11 LL~~lwEnijl'l:-;n')tluLiJtl1..ltlti 
" "" 'U 
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". U~'tlYl Li1lJ La\t~~'D1'lf'li\'1t1 L~lJ LUlJ'1I'tl~ L \ta'l~'tl ru\tIli3~'tl~~1).J1j(W~L \ttl na ' lU LUU . " 

l'tl'tl'tluu'lnl~ 2 LLUU~'tl Hg+ (L).J'tlffl'lf~) LLa~ Hg2+ (L).J'tlffi'l1n) 1'tl'tl'tllJ'II'tl~Uj'tlYl~1).J1~(1~'J).J 

1~nu~~~1~~lJYl'iu LLa::~1ffiUUYl'iu U~'tlYl~ri'tl1 ~ LiiVl).JaihtLLri~'1LL'lVli\''tll.Jil~lJn1 L UVl).J 1" 1 n 

fi~~).J-n1~LLa:;"1n LN'I1lJ~t;l~1'\tn~nJvl1'11 L'lllJ h'l'l1lJ~ftl1ln1'11f'la'tl1u LLa:;L'II Vl11 'W L~'tl 

n~:;c;l1M "'H'l1f1~n LIli'llJiru-n ~~1'111'luafOla'tlh; \ta'tl).JLa\t::'"I1n~1nh:;n'tlu'1I'tl~u~'tlYl~1-if .. . . 
LUUtl1 n14' Vl L;'tln" 1 nLYl'tlnl.Jiht;l'tl fYi, 1 ~Vl "1 n L "lla ;LLUI1lLI1l'tlnU!ilLL ~'1ua:;" 1 nU~'tlYl ~fI).J • 

(amalgum) ~1-n~!ilVflJ LLa::1u'U~~Vl1'flj;lfl1'\tn~~).J ~'1mh'l'Yiu'h LN'I1lJeJftt;ln1"llfOla'tl"iu LLa:: 

L "llVl11 'W nu LN'I1lJ~ftI1lL~'tln1::~I1~::1-nth'tlYl LUU~1lJ'llJ).J1n LLa::~n"l:;U~'tltl~1~U~tlVl 'tl'tl n).J1 

nU~1~-l\t1'tl~1L~tI uj'tli'1'In1t11~fU~1~UjtlVlL!iltIL~'Yi1::L).JYlfl'lL).J'tlffi'li (methyl mercury; 

CH3Hg +) "::~Vl;).JL.n1~~11Stcrcl'l~'tltla:: 95 ~'1"1::Yh1~Ln!il'tl1n1~vi1'11 L'llU n1~u'U~'l'1l'tl~ . .. 
Vl1~ L~U'tl1\t1~ m::L 'Yi1::~11t\'Yh 1~u'lI1lVl'tl'l'tl1 L~tllJl.h !ilLij'tltlni\'1).JLij'tl ua:;u'l'tl1"1il eJa 1 ~ LtlU 

~lJ'Yi1(;l ~).JVl~~ LLa:;c;11t11~ ~wdu1uu~:;LYlf'I~~U Lri'tltl 'Yi.1'I .2493 l.h:;"J!1-nU~tl1~tI'tl~1u 

U1L'l ru'tl1'li3lJ1).J::I1l:: L~U;,)I1l~1lJ'llJ).J1 n Lrttl~"1 n'U1'l1l fOIua1 LLa::\t'tlu~il~1~L).JVlfl'l LlJ'tlffi'l i 
~'1 ~'1il~1 L~I1l"1 n LN'I1lJ~ft (;ll'lua fOIa'tl h;'1I'tl~u1';Y1;lJL~ U~'tlU~1~Uj'tlVl1 UjU'1I'tl~ ... . " . .. 
LlJVlfl'l LlJ'tlff.h'iFla'tl h~ (methyl mercury chloride; CH3HgCI) a'l~LUJu1Yl11~u~'tlVl Lih 1u 

" , 
~::~lJ 1lJ~ (;1tJU1 Li.j'tlf'llJfuu~:;Y11lJ~ (;l tJYl 11 ~Lii Vl L~FlU1'tlYl Li1lJYlM (~1'tl Lffin~1 L~fOIi3lJ1lJ::(;1::) 

1l) L'llLaLUUlJ tlti1lJn~lJ VIS '1I'tl~(;1111'1fi1(;1 ~1~1!n'tl:;(;1tll.J 78.96 "IVl ~a'tllJL'\ta'J 217 " .. .. " 

, . 
q. "ell I 0 q ClIo .d I G" cI .dII 

~-l LL 'lVlatllJ).JLL~a-l n1 LUVl l.J 1'"1 1 n'tlI1l~1'\t m~lJ ~ a(;1~ (1a'lLL1Vltl~ LLVl-l L~an na1 Lf'l~tl~ LFl a 'tlU m~ . . . " 
chtlll1'Yi LtlW~lJ L"llLaLum.JLUlJfi1I1lYi~1 Luuvitl i1'1 n1U'II'tl'lil1ltJL~U'lan~'JtlulJ L Yi11::LUU . ~ 

~'luu1::ntlU~~1~'1l'lltl'lLtlu1"ll,r Glutathione peroxide LVlui'llui1'1n1u~'tl'lm~f'UL"llLa Lutl lJ 

U~:;lJ1rut)lJa:; 0.01-0.20 i3aftnflJ LLvlchi1~mtl~:;~lJL"1iLaLuulJ1uuhJ1ru~lJ1miiulu":;LiiVl 

LUUYlMtlti1'1~ULLN LLa:;U'lYt'U~1 LUUfi111l~ ri'tllJ:: L1'11~ tl1 n'WYlM'lltl'lL "llLa L UtllJ 1~ LLrl Yiu~ " . 
~'lmr'l; VlL ~~'tl'l ~'l\tu'la'tln'tl'tl n L1f01U'J Vl1 '1I.n'tl 1::UUn11ti'tlU'tl1\t11~~Un~~lJh~ 

La~:;~unU1'1'U~ L'llU U1'tlYl LLfOIVlLiltllJ ~11~lJ 11l~~'J 4'VlLiJlJLa\t:;\t1!nU1::L1lYl~ilv.M 
" 

m'l~-lU'tln"l1 n"l:; hi Lu~uu1u1ul1l1lJ ma L 'la1 LLi\''J U~~1lJ1~(l~~~lJ 1lJi1'1 mUlJUMULLa::~ (;11" " . 
~11~ ~-l,rlJ~'1ilFl'l1).J~1LillJ~'tl'ln14' Vl La'\t~'\t,rm~~h~'tl'tln'"l1n'!Jtl'lL~U ~1L~U '\t1'tl(;1 :;n'tlULYi'tl 

U'tl'l nlJ bi1 ~ LL .,..dm':;'"I1m;1~t)!J4' n 1'11'tl'l~1'\t1'ae.hu 1u (;11 l.Jl-i 'l-l L "li'tl1\t11 
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n1~Yi1L~~t1~ (Stabilization) lUl1t1~-3 n~:;u')un1~~1n~~Yli~~'tl,&\'Mi\,)1~LiluYhi"ll'tl-3 

L~t1~Li:lutflul'lntl (Hazardous waste) t"'tln1~Yi11~"II'tl-3L~t1iJ~l-Jm~L~'tlu(;j'tln1~Ln"'Unmtl1 
t)l'l(lU~:;~-3f'1'tJn1~1 Lfl ~t1~ ~'tl n1rn11~i(;t~n1ruuLn'tlU~~-3 LL,) ~t\''tl~U'tltl~fl'" LL'&\:;~"'1:;~U . .. . ., 
F\,)1~LiI'Ulht"ll'tl~~11~ul'lnmrU LaGrega LL~:;f1CU:; (1994) 1~mh,)fltU~1n1ni1L~nm' 

~~1t1ii'1n1:;u')un11~iJ n11L~~~11 (Reagent) L~'tl'&\ "" F\,)1~ Ltluvht ~~'tlF\,)1~tflU(;t11Ulltl-3'1ltl~ 

L~mr'U t~t1 n1 ~LU~t1U"ll'tl-.1 L~tlLL'&\:;~,)uU1:;ntlu~Li1utfluc;] ntl111t11 U"ll'tl~ L~mrU 1 ~iJi (;t~1 WI:.' 
I I " I 

Lfl~'tluVi ~ffiuuLiJ'tlU(;j'tla~LL')~t\''tl~U'tltl~-.1 LL~:;n).J~-.1~""~:;~Uf'l,)1~Ltlu~lil",ut)tI~-.1~')t1 ~1~ 

~l.jf L~~ 1 un~:;u')un11Yi1 Lfl ~t1~"i :;-rl')tltlfUUN~ n liCU:;Yl1-.1 n1t1111~1l'tl-.1'i1'tl-.1 L~tI~1t1~1~ • 

~1~fun1~Yi1n'tlULL;-.1 (Solidification) LaGrega LL,&\:;F\CU:; (1994) 'l~tlm~~1 ~t1 

m:;u')un1~L~~~1~~1'tlt)~ ~U~:;~1U (Binder) ~"li')t11 '" Ln "" n1HL~-.1 rfi'')~1'tlF\-.1~U lU'1l'tl-.1L~tI~ . .. 

.. 0-

(Compressibility) LL'&\:;~""rhn1~~U1'1l'tl-3'11'tl-.1L~mrU 

.. 
t)vmU~:;fl-.1rl"ll'tl-.1n1~Yi1nt1ULL1i-.1 ~~-.1il • 

.. . , 
d 4CiloCII. .q .4 I oCII. 

- ~~~UYltJ,)'1l'tl~'IIt)-.1LfltILYlt)S"'n11LLYim~:;'"I1t1"11'el-.1~1~~li 

- ~1n~tfll'l~1n1~S:;~1t1'1l'tl-.1\\1mliL~'tlil-J~flnU~1~~:;,&\1U 

- ~""F\,)1~Lilu~li 

c.. ..... 0'" a 
2.8.3 'Hi'Vnn'tl1Ju.'II~ 

"i'jfi~1.jf9""n1~nU'1l'tl-.1L~t11um':;u,)un'w~1n'tl'ULL1i~i1l-J1n~1t1 ~~~ 
n. "i'jfin1~lflLl-JU~ (Cement - based techniques) 

"II . %n1~1.jf~u"ll1,) ~1'tl t)fl~Utl,t"ll~1'U (Lime - based techniques / 

Pozzolanic techniques) 
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method) 

~. ~fim1~fI'a).J1,xL1J'mn'l (Glassification) 

". ~fim1L'Vl~fGJYifl1~~n (Thermoplastic techniques) 

" 
il. %L'VltlfU.JL'lI[;1~~ (Thermosetting techniques) 

"lI. ~fiUtl'\JUFltl"llLfli'\J (Encapsulation techniques) 
" 

t~tJ 4 ~fiU1mmn~nUn1~U'l'\Jn11~1'L~tl4'UU~~11'aU'\J'Vl1-~ 1'\J1Jru~~ 3 1fi~~~ 

L ~l.l1::nu n 1::U'l1..ln 114'UU ~~ 11~U 'Vl1-~ UfI::~ 11'aU'\J'Vl1~tl1~"flU ntJ fI ~ L ~ tJ "''1J 'a~ n 1~U'l'\Jn 11 • 

" 0 0 

n11l;1 f'l'l1l.J L '11,,~u j1'\J"1I'a~ nflln n114'UU ~ 1 un1n; 1 ntl'\JLL;~ d:J'\J~~Y1 Fl'l1'Vl11U 

Ltitl~til1 n Lij'\Jn11tl1::UJ1..In~ Fl'l1l.J~1l.J11rm1tltl1~~'Vlfifl1Yi"1ltl~ mrih L~ CitJ1 t"'tJ~ nfllnn114'u 

n. LLl.Jf'l tf'lm~'\JLLFltl"! Lfli'\J (macroencapsulation) 

"11. ll-l'lfl1Utl'\JLLf'lU"!L'C\i'\J (Microencapsulation) 

Fl. m11?l",iu (Absorption) 
" 

~ . n11~",enl.J (Adsorption) 

til. n1r';h1,xlnn~~n (Precipitation) 

il. n11yh1,x Fl'l1l.J Luuvhffi "'fI~ (Detoxification) 

ntJfI::L~tJ "'1J~~ nflln n114'uu~ 1 un11vh ntlULL;~~'\J 1~ LL~ "'~ B1 UIn111~~ 2.8 
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d .. 'I ... ... 'I 0" CJ 

t;11'i1~'YI 2.8 ~1U~::L~tI!nmHnn1~UUC;h'Un1~Vn n'tl'ULL"lI~ (LaGrega LL~::flru::, 1994) 

3. n1~~Vliu .. 

4'u~~1f1~ii"llU1!?11~q)1~Lnt;jn1~Lfl~~'U~~th>1~~~::U'tlU~~ 
,,::'-iUi'1~'tlU ~'U:nL~'Ut;l LL~::~'U"II1'l LVlU"IItI~L~Utr'UIJl~1U'"l:; 

nn4'un1ul'U~'tl~~1>1"l1'tl~1~Vl~~1'Un1rUfuL~au~ .. . 

Li1u~fi\11>1 Lfliien>11-n un1~t1futlNimiru:;"lItI~ntlUL ~tI t ~ • 
0-

I 0" .-.d.a:d.., 
ft:;f\'l n inti n1 ~V11 ntlu n~::tJ'l'Un11LLm"lltl~'lfiUfl'tln1~~ t;j"JiU 

"IIt1~L~~'l~'llutun'tlUL~U ., 

Lrh.li)fin1~V11~ Lflill1 Ln t;j;'Ul1Ch LL~:;tT>1Luui)fin1~";11~Ln!?l 

n1~4'u~'l ri''U~~~1'"l'"l:;~ l.J1U~'llJ ~>1~l.Ifi:;1!1LVl1L '"l 'ULL~:; LL~~ 

LL'll.lLVI'llf'l1"h ,r n'"l ::Ln VI Lrl~t)ftVllh::LnVl'i LlJUt;lLUUt)ft VI • • 

Lu'Ui)fin1~V11~LfI~hvhl";1t~L~Clm'lJ1n~U Lt;jULiI'Ui)fiYiH'ri'u 

"II~ ·H;utI~::LI1V1'8UUVlrU ~1~~LiI'Uc;l'l ri~ l~LnVlCJ ~ n l~LLri 

l!161ffin 1'llC;) i~ lv4c;) en~Lnln f'nftJ'tlL'Uln LL~::yJ~~LyJln 

I , I' 

~ _ ,.. • I .. d 'I" '" tid .. .,. 
LuUn1~Lu~UULLu~~V11~LfllJL~tI ~\HnCi'l~1~l ~'U1 'YIlJfI'l1lJ 

LiI'UyhtU'tlU~~ ~1'tl hjiifl'l1lJLilUihtL~U 

" a l..a...· 0" ~ 'i' 0"'" 
2.8.5 9l'lUu 'il1t1 ~a 9l'an1~tJ1tJ 1111 'i)-:I L"'" tJ ~~tJ n1~"1 n'auu 1I.:J 

Shin LL~:; Sujiwattana (1988) 1~~mt1LL~:;n~h'l~~tI~1~'lLLtl1Y1iiCJ~Pi~fI'l1lJ~1lJ1Hl 

t 'Un1~t.1 n"1I:;~:;~1U LL~:;n1~fuLLN~Ci'I"lI~~ c;l'l'tlU 1~ n'll'ULL;~ l~LLri mlJ1ru"ll~~ L;U L~l.J ~u 

.a1ij~1~'lU~1Pi~;LlJ'U~ ~(;l~~'ll.l,~~~u~Cj'lPi'tlml.J11ij~ LL~::1::U::L'l~1n1~til.Jc;l'ltJU1~ ;~ n~1'l 
lunu~:;L:auCi'll'U~'l'U"lI'll~~1'Ui)4'u~L~U'li'll~ 
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2.8.6 ~fin1~·untli.nl~Q·,n"1'il-r.,~m)J,,rLLi'lL'ilvn:;tl~LIlVl 

"'1rl~Y1 2.9 ~fim~";1~1£J~'1tlflQt1\fffi1'~~~'WHLLt\',)L'ilYi1:;th:;LJ1'Vl 

111 n1 n PI:; nflt.!l-J 1 tJ ~ l-J Ii tJ ~ 1 ~a:;fi 1U L'I L~U).I 

ifihM (Na2S) L~'il1~Ln"'tlflmtJ1Lf'liiL~d1t.! 
tl~flVlifi L ~~ (H"gS) LLt\''l~'1'';11 ~Lih.1l1'ilt.! 

(Solidification) ~'ltJn1),tJ~l-JntJtlu;L).It.!M 1u 
" 

n~ru~~tNn'WL~l-Jtl~:;~'Vlfi[l1Yi'"1flt1(;1~~rln1r 
;).I'fl'lt\'wYht1m.jf~1j~fH~l-J (additives) ~~lJ 

t1'1 hj~,)£J 

mnlil1 n n1 rtJ~ PI"'~'il (;11vh~~'ilflL~~ L 'lIt.!~ 111n1n~fl1" tlI'il'l eh t.!n 1 ~tJ 1111 ~ii"llt.!1 (;I L~ na'lnflt.! 
" 

L~fl"JbtJ 1 ~yi1t1!lmtJ1'Vl1'1 LfOl iil~i'l5'1).11f.1~).1 ntJ 

~1),~:;fi1UL'lIL~tJl-Jifil~vr (Na2S) L~fl1~ 

Ln(;ltlflmtJ1LfOliil~Lijutlj'il'Vli~ 1~~ (HgS) ut\''l 

~'1Yi11~Ltlunflu (Solidification) ~'lUn1)'~~).IntJ 

tlt.!; Ll-JU~ lun)'ru~ ~'il'l n1 ~L ~l-Jtl)':;i1V1fill1'Yf~ffi 
" 
fi (;I~ PIn n 1~; l-J"lI 'tl'l ~ 1 ~iht 1 ~1.jf~ 1)'Iii'lL~).I 

(additives)tJ~l-J~'11tl~'ltJ 

H~1),fi:;~1tJc;i1'1 L"IIU tlU"lI1'l ~1'il t'llL~u).Ilt1(;1)' .. 
tlnl,vr (NaOH) tJ~l-JlitJn1nPl:;n'ilt.!1,xi'lnt.!"it.! 

~1~ L~~:;~un Ltl~ £Ju)'tlltl LtlU~1 ~tl)':::ntltJ"lItl'l 
" 

" . 
tl),:;2.J1CU 11 u~')Yi'lltJ1.~LL~'1 1un~ruYhiJt.!n1n 

. " .,. ., qtl ~" q 
PI:;nflt.!"'),fl~t.!'Vl ULU'ilUl1lfJ£j LLf'I(;1L).IU).I (Cd) 

"i:; tlI 'il'lli 11 ~ L tI U n'il U ~ t1 ~ ') tJ n 1)' ~ ~).I n tJ 

~t.!; Ll-Jt.!~ 

n1 n PI:;n'ilt.!,..ffi1' ~ 1il~'WHf LLt\'')~iitJ1,j1 L~).I~1~~:;~1tJ C;l1'1 L":dU tlU"JI1,) ,.. ffi t 'lI L~U).I LlI C;W . " 

LLl-J~'1 tJ1ri1~C;)~PI)'Yi"ll ,..1'iltJ1ri1~c;l L~fl flnL'lI~ (NaOH) 1uml-J1ru~~1l-J1~[l"i:;y'ha1tJ 
" " ~1tlULi1'ilt.! Yht~'JU ~')tJ1 LL~~:;"lIUI1l1~"'l-J c;l 
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- ~~-lvi1m1u~1lJ~h-lLL~~~"n.li1-lt~m~U"~-l'\.H'n.J~,,~H'1l-l (landfill) ~,)t6~~nlJ'~ • • • 
I t I " " I 

(liner) LVi~il~-l nl.ln111~ ej1lJ"lI~~~,ajD fJfn~1~1'~ ~l1hlH LL~'l~tl n~in 1~~lJ~1~in ~') ~lJYitl~ 
., ,., 

1n~ L~m t~t11'~ ~nl.l'lJ\1~tl~il FI'l1lJ LL -ii-lLLN LL~~~lJ1 L Ylm."tll1"~YllJvitl n1 S'fu,j1~un LL~~ • 
LLN~lJ~,,::Lii ~;l.Ivr.:j~lJ (;l :i~1' ~ ~ nlJ;~ ~-l n~1'ltl1""::Lill.I1'~ ~~tf.:j LFln~~lJL ~'tl1-n.:j 1lJ • • . . " 
t~tIL~"'1::~1tlLill.l1'~~l1iltl~ Ltl-l1n1lJfi11lJ"Il1 ~ L-nlJ ~l.Imilm YitltllJ 1~tlVl11 n1S';lJ ej1lJ"lItl~,j1 

(permeability) 1~uhiil.lntj1 1 X 1 0.
7 L'lIlJ~Ll.JVlS'vi~1l.11l1 (1h'::lJ1ru 0.1 ~Vlvitltl) ~1tl'tl1",,::1-n 

>-

1'~(;lnl.l;lJli~~tl,nh::LflYltlS'~ntlunlJnL~ • 
- 1::~Unl.l~~lJ"tl~tH)1lJ~ ll~~~tln n~~1'tl1'~ ~~hjHLL~'l"::~tl~tlt.i~~" 1 n S':: ~u~11~ 

" 4..J..." "''' 

~l.IhjUtltlntj1 5 YlI1l • 
11 .cI ~ d cI c. J' ~ " .aI 0.....:: q £t 0 

- Vltl-llJS'::UU1')US''llJlJ1 L~t1Yl Ln(;l"Wl1U 1lJ~~lJ'Yl1"1l11~ LL~::lJr::UUU1U (;llJ1 L~U~S'tllJ1 • 

~1L~t1 (leachate) ~Lii~;lJtltlnltlu1u~~~lJ 
- L~t)L~nH'~~lJ~ll-:lU~,) 1,xYi1n1S'tJ~~~~il.l~~Yl1t1~'ltl1'~~nl.l;l.J L~tlUtl~nlJn1S';~ .. "" .. 
"I "'." I 

"1Itl~U1~1t)"1I~-l L~~'lfll.l1 Li1~m~l-Jll~ LL~'l~liu~'lU ~lJ~~nil.l~l1~ .... ffilJli.:jtl~ n~"II FI~l-J ~l.I L Vit) 
, " 

~ ~ FI'l1~1l.1LLN"t)~ mS'n.:jYl::fl1tJ"lI'tl~ ~lJ.alJL nt).:j"1 n ~l.ILLfl::~~ .... ~t)lJli~r.r (;11 ,xilS'~UUS'::U1t1 • ., " . 
U1 tJl.I'\.f~··ml1Yi,,:: 1 ~~1.h ej1lJ 1,xtl'tl n" 1 nlJ ~L ') rum~~ ll~ n~u l~t)th-l1') ~ Li'l LL~:: L ~ ~ 1 ~~ l-J • 

L'lIl.I~LlJVl1 t~mi1mru~.a~~lJm\1t1')1,xLLlllJ~S'~~UFl'l1~~l.I1 30 L'lIlJ~LlJVl1 LL~:: 60 L"IIlJ~L~VlS' 

Vl1lJii1~U ~1~fUn1ru~1-n1'~~~lJLillJ1'~~nlJ'lJ ~1t)~::~t)~i1mN(;lmnillJ~Lp\~::~'B-ll~flJ . . 
f\,)1l-JL~l.I"II~u"1nn1lJb~~1lJ~Vl~1~m~l-JLillJmru 1 111 

- 1'~ ~ nl.l;lJ~1 ;u(;l~~l-Jlf~,,::~~~ LillJ1'~ ~"Ilil(;lLL~::Fl,)1lJ~lJ1L~tI') nu1'~ (;l nlJ'l-JilJ~1~ 
'Ill .... <II 

" . "''' '' 
~,)lJil.l~l.Itl~nVi"llVlt)l.IulJ~tl~il FI,)1l-J~lJ1 hh!~t1ntj1 150 L'lIl.I~LlJ VI~ LLfl::S'::~tj1~ilJVl-l~tl~\1 .. 
tl1""::4' '" 1 ,xi1il.lYl~t1 L~'B LillJl-J1 Vlm1 ~L~~l-J 1l.1m ~~::U1U~1t)t) n,,1 nt'l,)lJlJlJ"lItl~U1L ') ru~1-n ll.:j 

, >-

mn 1'\.\ L1,)~~;l.Inl~ 

- Vi"ll~tl~nFl~lJ~lJ"~~'tl~LillJ~"litlS'~LflYl~nilJ ~ffii1L~n~1S'~~~"lJ1~tj1f\,)1lJU 1,) 
..." ~ v 

.J ","", 
Yl~(;\"lIt)~~1n"::m,)lJtlUn,)1 150 L'l!lJVlLlJVl~ • 

, >-

- ~~-l4'~~h~u~i~LnVln1nUL Vi'B j;lS',)"~~lJFlru~ miru::'t)~u11~~lJ1lJlJ1L ') ru 1n ~ Lf;)m . 

" ih~lJ",H~~~tlltlil flt) 
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tfhYH1J~ 'HIH"~tltl)J\~m~ (nfl~nf)J"'tl~In~) 
" 1 

L = WJWo 

tV)tI~ L = ~,)1)Jfl1)J11Cl \tln11C1n"jj:;~:;~ltl .. 

0,05 

0.05 

0.05 

0.05 

0.001 

0.05 

0.3 

1.0 

5.0 

th'::ifl 6111'Yt "ll!n'~ fI n1~::iI::iI't1 (E) fl1)J1~m'tltlLL Y1t1~')tlfl)J n1 ~~.:J~ 

E = (Lo - Ls) x 100 / Lo 

t(;1t1~ E = l.h:;~'Ylfi1l1~1t1n17fl(;1n1rn:;~ :;~1tl 

Lo = Fl,)1)J fl1)J17Cllt1n1~~ n"ll:;~ :;~ltl"JJ'tl.:J~1 ~ri'tltln1:;1.J')tln17.yh n'tltlLL;.:J 

Ls = ~,)1)Jfl1l . .J1~Cllt1nl~~ n"jj:;~ :;~It1'11tl.:JflI7~~,m~:;1.J')tlm 1v11 ntltlLL;;.:J 

2.9.1 nl~f1f1~'el'.JnI~lI::a::~ne 

n. )J11n~~1t1nl~:;fl:;fllt1 ~1)J1h:;nl Pi m':;Y1~,).:Jtl Infll~m~)J L1tl-l n1~ih4' v)~.:JtJi1 n~ 
d ~ ~~ 

. " , 
Extraction Fluid) ~1~17fl::~1t1Vi~'tJ'Ylf;lfl'tl1.J~I"jjUv)LL~:;m)J1rutfl~:;~trm1-l~)JV)Yi"jj ::fl:;~It1 
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~~ mn 1 'W\n.hui'J~~ nfl-J vi~ nL~ n f).! [;lr'l9t) 1iI~'lmfij~~~ ~Fln:;~1~~ :;~umnW) (Uu~u 1 'W 

~~~~'l!9l~~).!u.lJlJ~'\..l(~"nYi~~yhiJ~Yi~1~)'!1 (Inductively Coupled Plasma Emission 
, ~ ~ 

..:t:d., ..,d 

Spectroscopy, ICP-ES) "l!~l-J"lJ'W(;l~'Wn1n1!91~~~!9I~'W 

- lJliI~'l~th~i~'WcJ1lJ(;l:;~Lm'~rnffi~ 2 ij~fiUJ6Ir 
" , ~ 

- -n~~'l~th~~un 50 nf).! L~l-J 500 i'J~fifi(;lnf},nhi'Hi~~~l'W~,)'tlth~ 

(~1r~:;~1UL"l!~;)Ul-J~L(;lrY1 0.2 Ll-l~1f ~yj~f}"IILYhri1J 5.0 ± 0.1) 

- U1'~~~~lJhJ1~'f.l1n1 PI~'Jun1'lil'WL(;ln9'W Lll'WL,)~1 15 lJ1Yi 

- L,tJ1lJ'WLFl1~~L"tItJ1LL1J1J~)'!'W ~1l'WL'l~1 48 i,)Ll-l~ • 

- U1"t1f}~m~'J h11 LFlr1:;,r"l!U!9lu.~:;m)'!1(UL~~~,rn~'lU LFli~~~ LFlr1:;~1fm:;~,rn 

"11 . )'!1f;\r~1'Wn1r"ll:;~:;~1um).!~fi 3050 'f}~ U.S.EPA ;~LtI'W~fin1~f}'llmL1J1J~1 ... 
m)'!1 (uLL~:;L~~:;~un 1 'W (;l:;n~'W ~~"'{ u.~:;~'W l'U~,hui'J~fi nfl-J vi'tl~ (;lr ~'lu~fin1~tJ~w~')u 

m!?1 1 'W(;l~n L ;t).!;]'W L!9Imi.1 ~1 r~:;~1 u~l~hJYl !9I~'ll1J~1'11U!9I LL~ :;ml-J 1 ru L~~:;~,rni~~ )'!!91~ 
"lI:;~:;~ 1U~f) n)'!1 (;lr'l9t)!?1 ~')U LFl1~~fj Lf'ln:;~1~~ :;~,rm.fi)'!1 ruU'tlU 1 'W~~ LL ') !?1~~l-J u.1J 1J~'W~ n 

, .. 0-

Yi~~~LiJ~Yi~1~)'!1 (lCP-ES) ;~i1-n'Wf;\~'Wn1n1!91~~~Iii~ll 

- U1~'l~tJ1~"1I'tl~L~mh:;Lf1Yl'il~1n 1 nf).! lri~~1'W;jmn~fll'W11Pl 125 iJ~~~(;lr 

L~).!n~!9I1 'WlJ1~n ~~l-J~1ni'W (~(;lnri'J'U 1:1) ml-J1CU 1 0 l-J~. LL~'JU1;jmn~f)'!1~~1J'W 

~(;l1 ~CUWJi'J 95 'tl~Pl1L"l!~L;U~ lh:;)'!1(u 10 'W1Yi 

- ~~9'W~'l'lltJ1~Lih..lLL~'JL~).!m",1'Uf;\1-nL;t).!;'U 5 

tJr:;)'!1cu 30 'W1Yi 
... , 

... 
.Q Q,.Q, '" 0 _ q 

).!~~~(;lr LL~,)lJ1l.J1(;l~1J'UL(;l1'll n 

- ffi9'U~'J~rh~LU'W LL~,)~~L~)'!U1n~'U 2 i'J~~~61~ U.~:;L~l-J 30% le1L!9In9'WLtJ'llf~~nl'livl 

3 i'J~~~(;lr 

- u1umn'tlfl-J1~~1J'WLf;\1 r'llm:;."r~~'ll~f}1n1fl1~Ln!9l91ntJ!lmu1LtJ'llf~'llnl'lif1f~1ultJ 

LL~'lFif}U1 L~l-J 30% le1L"'~L9'WLtJ'llffi~n L'li~ fi~:; 1 i'J~~~ (;l~ 9lJm':;."r~ 'Wi1~'tl~'ll1 n1 PI 

- i~;jmn~flJlJLf;\1 vi~ ltJ9'Wn~:;."r~ m~~mlJ161~m'!9I1h:;l-J1 ru 2 iJ~~~ lJ1r 
... , 

- u1umn'llf~~91nL(;l1LL~'JL~lJU1n~'WtJ~:;lJ1tu 10 i'J~~~(;lr LL~'lL"lJtJ11~L;t1ri'W ~'ll9'W 

~')'tlrh~LU'W 

- u1~1~1~l-J1m'tl~~'Jum:;!9I1Mnffi~ Whatman No.42 

- in~1~1~l-J1L~l.J~1ni'W9'Wl~mlJ1!?1r 100 i'J~~~(;lr LL~'),j11mLFlr1:;,r~1m)'! 1(u 
L~~:;~un ~'lU LFl1'll-3~ LFln:;~1~~:;~umfi)'!1 cuu~ullJ~ -3 bL,) !91~~)'! LL1J1J~'W~ n 

Yi~~~LiJ~Yi~1~l-J1 (ICP-ES) 
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Conway Uft~ Malloy (1981) 1~LLtj~~fin1~YlC;)MllJn1n~~:;~"\tI'tl'tlnLthJ 2 ~fif)'tln"\~ 

Y1c;)~'tllJUlJlJUU[;1" (Batch tests) LL~~n,,\~YlC;)~'tlULLUUFl'tlil-JU (Column tests) Lc;)tlm~Y1C;)~ 'tlU 

UlJU UlJ [;1" d:Juni ~Y1~~'tlUn'l~"II ~~:;~ "\ tI lC;)t1L "" ~'l'tltJ "\~ ~"\~~l-J ~ ~ nU"II'tl~ L ~ ~ 'l~L-iil un "\ ~"II ~ 
~:;~ "\tlL Ufl,,\"II'U~~ftt'l~'1i'l~ L'l~"\~yh n"\:i'Yl C;)~'tlU ~'lUn11Yl C;)~'tl1JLLUU Fl'tl~ l-J utiU"'l:;V; "\ n"\:i' 

Yl ~~t'llJL UFlil-Ju~~lJ11141 ~'l't'ltJ"\~ ~'1:i'~"'l:;Yi '1 n'1~Yl c;)~t'llJI4IULLlluu~ dJ'tlU~"\ ~~L iiL un '1 :i'''II ~ • . 
• .,.. I I <4 

~:;~'1U~"\UFlt'lftl-J'U't'lU'1~~'t'lLUt'l~ 

Josephson (1982) mh'l~'1 m:i'Yl ~ ~'t'lU n1n:;~:;~'1ULLlJUFl'tl~l-Ju1 "" ~~nLn~ L~t1~ nu 

~fl'1'l~~ Lnc;)~'U/;j'hLu~cnu~lJ~ n~u LLvl"'l~Ltlu~~~Lnc;)nlJ~fl,,\'l:;~ ~'l n~'1~~l-J ~'l ~'ltl~'1 

(Saturated) LU'W~~0'1u~lJ~n~u"'l1~,rnhj'tluLu~fl,,\'l:;~l-J~'lJi''lU~'1 LLu~il1L~-ifn'1 :i'r.i"\tI ... 

~'1rilL-D"II~ft:;ft1t1UlJlJLtlU~t1~ L""riu~'l'tltJ"\~~U:i':i'/;j L UFlt'lil-Ju'llU"\V1~~ 3 vl [;\ L~U~.hUPlUU nft"\~ 
~ "" '" ... ... . 

..::... ".c::rI "q .., '1"'" ci 
1-2 U'l 'iI'tlC;)U~:;'IIt'lL~t1''t'l~n1:i'Ylc;)~'tlumn:;~~~''\tlYl\lf\'tl ·mUlJLL~C;)~ ~'lC;)\I(;]'1:i'''\\lYl 2.10 

~ 

LLlJUUlJ(;]Yl -L-DL'l~'11un1nLFl:i''1~lftJ't'lti n~"\~fi 

UlJU Fl't'l~).JU 

-~,,\).J110~LFl~:;lf ~ ~~'11wa n 

n~lJ 

-LtlU~'l~;'ltlYi'1U'1t1mn.l~'tltlf\l:i' 

vi1\11 ~1l-JL'lftI1~~ 

~ 

Yll-J '1: Poon Uft:;f\W:; (1983) 

-f\fll'l~nHf vll\1"'l'1 nVi Ln Vl~U"'l1~ L U 

f\Olu~lJ\ln~u 

-hjl~t) V1 ~ft m:i'''II:;~:;~ IU~ LL Vl14l1\1 LLvl . . . 
.... ""c:l q 
'l(i'l f'l'lIl-J L ,l-J'ilUYl Fl\lYl 

-~'tl~nI11~UlJnl:i'n:i''tl~~ L~'tl ii 'tl1~ 

-'tlI"'lLnifqJWll41'1nn11Un',nUJ 

~~IL~l-J't'l ~'tlijn111~~~'1u"li'tl~ 

-ifru~'1"'llnn1~'tl c;)~U 
w • 

., .. 
-~ftm~YlUI4I'1 n"ll'tlU f'l'tl~l-JU 

-L-DL'lft'1U"\U 

-'W~I).J'1:i'O~ Lf'l:i'1:;lf~~~'11Ji' 
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~ col .... V" .... " 
2.10 n1~11 m~1'Y1Lntl'l1l'rl~m.Jn1~'l"t!l 

Shin LLa~ Sujiwatthana (1988) YiU~If'l'J1lJ~1l.11nl1um~:;~nu LLfi:;f'11nl~~fu 

LLN.ac;J"Il'tl~ n'tlu[;]'J'ath-11 umnil H'Lih.ln'tlULL:O-1 ~U'atJ nUmlJl CW"ll'tl~ L~U d-lJ tIIu t1'(;l11~'J,.t,11 
'II 

vi'tl; LlJU~ ~Vll1~'JU~'lJ~n'J l1i'tlmlJ1V11 LLfi:;1:;U:;L'J~llunl1Ul.I nU[;]'J'tltJl~ '<il nnl1Y1 c;Jfi'tl-1 ~')U 

m1~nc;) (Extraction test) tCi'lum1~IHi~'fl-1L~U~LL:O-1[;]')1u;LlJu~~'JumCi'l'tl:;;~n YiU~lmlJlru. 

, " 
i C;)~'Ju~ntTuriUtrhJ1CW'llfl-1 L~UfuJtIIU tlVll1~'lU,jl vi'tl; LlJU~L Yil riu 0.51 ~ f'11 fl'JllJ~llJlrCl1 'lJ 

I I ,,, 

m~:;~:;filU ~111~ Ci'I LLfi:;f'11ril~-1fuuNtT~~-311~ Ci'I ~ (;111 ~')u,jlvi'tl; Ll.JU~~ c./fi l1iflf'11 FI'lllJ'Yi 'i'1J 
, lU " '\ 

I • " I 

"Il'tl-3; Ll.IU~l1 LL;-1 [;]'JLL~1) ;~ij~fi n1:;Y1ul1iflf'11 nl~-1 fu LLN~ c;J nlm~J1 CWu'll1 L~l.J 1u; LlJUvl'J'tlfJ 
, , " 

Lnuhj'<i:;y'i1h~mnnc;)t1~m-mlmc;)riuLLfi:;mnnCi'lc./~nhj~ m1f'l1~fi"ll'tl~L~un'<i::lJln;u mr 

L~l.J~ll.11n~un'<i::lil1,xLnCi'ltl~mmlmCi'lriul~~~u LLvi~lnijml.J1CW~llJ1nLnul11"l:;y'i11~LnCi'l 
f'l1)1lJYi1U L 'tl m~ m1f1) 1 ~~'lIfl-1 L~U n"l:;lJ1n~UL -d uriu ~ VI n ~,)U'lI'tl-3~Il1i'tl; Ll.JUvl~ L ~lJ1:;~ lJ . 
LYilrlU 0.5 1,xrhri1~~fuLLNt1'C;)fI-1~"" tlVll1~'JU"Il'tl~~u~n'Jl1i'tlml.l1V11~~M ;LlJUvlLYi~vl'<i:; ij 

'II • 'II 

" , 
L'tln1~ ~ n"ll:;fi:;fi1UlJl n;u 1::u::L1)fi11un11ulJ n'tlur;1,)'tltJl~U1U'<i::li11 ~t1~mu1111 LCi'l1-DU 

Ln11l~ul~;i LLl1it)1f'11fOl'J1lJfl1lJl1Cllun11(ln"ll:;fi::~1U 'bj~U'tltJrlu,jj)mul1mCi'lriu vT-1nm1f'J 
'II 'II <J 

"Il'tl-1'!1'tl~L~U(;i1~1 ~U'il~rlunfiln 2 111::n11f1'tl n1U!l"'-DU-n11LL'V11mhu LLfi::n11~1rlCi'ln 1r 
fi::fi1 U"Il'il-3 Lf'lN~~I~'!I'il~; Ll.IUvlLYifl ~ ~~J'unl1LL ,jrrh 1::U:; L 'Jfi11 um aJl.I; LlJU~-1 hi~ ~~ f'i'tl 

m1Cl n"ll:;~1U'lI'a~ L~U LLl1i"l::L~lJfl1)1lJflllJl1Cll Un11fu LLN~ '" 1 ,xrlun'ilU[;]'J'atJl~ 
" 

" ~'tl~lJU~Lij'il~~U'!I'tl-3;LlJUvlLYi~~ lJflfVll LLfi:;fl'tlUn1V1 L"'tm,j1rh~c;J~,)U~~lJ1::W;h~ 1~Ci'ltI'tl"Jl . 
L"lIfi1Ul1i'tl;LlJUvldju 15 25 LLfi:; 35 LtI'tlfL;U~ t)~c;)t1'a"llL"lI~Tw~1-ifij 2 "IIUC;)~-1LnlJ1L'!I11~ . " " , 
L~ij'tlurluLLviLnc;)1u~uVil1il~riu ("1IU", A U~:: B) "IIll", A ij~"'~'JU"Il'tl~ SI02 AIP3 LLfi:: Fe20 3 

d:lu 40.1 13.4 LLfi::12.1 LtI'tlfL;U~ Vl1lJ~1~U 'JI Cl.t::~"lIll", B iji c;)~1)ULtlU 38.5 12.8 LLfi:: 11.6 

LtI'tlfL;U~ Vl1lJ~I~U LCi'lUij'JIU1Ci'1fl'lllJfi::LtiU vlLtlul,j VlllJLn CW"'~lJ1 (;11fi1Unl~UCi'I c./fi n11 
.os 

'V1 Ci'I~'tl~ fl1lJl1(l ~tll1~t)1 'JIU1C;)~Lfl nfi.:j''tl~1~ VJ"l :;":i11,x f'l'JllJ~Il.J'I1(l 'l Un11Lnc;)t1~mm L ~l.J 

~~~U LC;)Ut)~ VJ"IIllCi'l B ijt1' VI 11 nI7lilt1~mUl LL~ :;,j1:; ~Y1 fiJllYi~~ n~ 'I L~'il L Viuu nU1f1 VJ"lI II ",A 

fl'tlun11n~~~l.JL11lmLY1u~1f1Ci'111fl~L"lIfi1U'lIU", B 'lu~Vln~'JUfl')UfllJ~'lHLlJ'lJ;t1'il"llt"llfi'lU~ . . 
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ri1~'1f1.JLLNi~LLt\''l Shan nag LL~:; Yeginobali tT'I1~~~tlr.J~n~:;Ytu~i1[;j!l~:;U:;L'l~1m~ri tl~'l 

n1n~ ~ ~'l LL~:;fI'l1).J~1).J1 ~Cllun1 ~l11'11U 1~'1Itl'l fltlun1~il n ~'lU 

i'nH"~ "j("li'~ (2538) Uhi1m~,;)4'u1'~~lh:;~1U~L'-1).J1:;~lJ~~~1um~-r11L~1imn1 n 
u • • 

~:;ntlU'"l1 L1'l'tM(;)un1~Yi11 ~Liluntlu1'Ml1.h:;~1u~~n'li1 'l~LLri tlu:n LlJU~ tlU'1I1'l tlU:nL).JU~ 
CII ..." ... 

, ~ 

i~~1~'lUr.Jft).Jtlu:nL).JU~YimlJ1:;ft).Jfo1!l1tlm~:; 11 LL~dtlm~:; 15 L(;)U~1V1t1n ~1V1fun1nVl:;ntlU .. 
"11 L~ 1, r;1LLUufin).J (;)1 LL~:;n' n(;l:;ntlU;~LfI"I1 L11 'I! ~L 'Yi11:;ft1lJ11Cl·,i11 ~~).JU~'1Itl'l ntlU~'ltlti1'1 

tl~1 ULn N,,\).J1Vl~j1U~'1tl!) Cl~~thUn11Yi11 ~ LUUntlU"lItl'l m).J LN'I 1 tJ'£l rnft1'-1 n11).J LL~:;r.J~ n11 

1 ~ 1 "".-~ ~ .,. , .J 
Yt~~tlUn1n::~::~1U U1:;U:;U1'lLuUn11Ytr1lfttlU UfI'tl~).JU L(;)UtJ1"11:;~::~1UlJfl1 pH Yt 5.8-6.3 
, ~ 

;'1..arn11~'lUr.JftlJtlu:n L).JtJmtlU~:; 10 L(;)UU1'-1t1n "I:;ii rl1 fI'l1).J L.;rlJ.;rtJ'lJ'tl'l L~'-1::'-1t1n 1Uft11"1!:: .. 
, .. ~ 

~::~1U ~1 n~1lJ1 Vl1=i1tJU 1 Yi'l'1ltl'l n~).J LN'I1Utl rnft 1'-1 m'1lJ .. . 
Yi"JI1,.,ui ;\J~ U-a:; LI.~1':!~1J Ln91191tl~m1 (2540) ~m~nm~~1mnVl:;ntlU"lItl'l . .. .. 

U1~Yt1U1UlJ1LUU~'ltJr.J~ lJ 1 tJn11yh I'1tlUn1VlU~'tl ntl~:;ft1utl~u r.J~ n1~Vl IfI~tl'l'YiU~1ft1).J1~ Cl .. .. 
r.Jft).JLP11t~LL~'1Ln LL~:;m nrn:;n!lU'"l1n1:;uuihu(;)~ LL~'1 L~'l1 ul'1tlun1rnu~!l ntl~:;~1utl~u 'l~ 20 .. 
LtltlfLeDUr;1 L~[Jft1lJ1~ClrULLN nlflft'lft ~ 131 . 7 nL~nf).Jl'itl~1n'lL'U~ LlJVl1 ..aVl~1 n11"1!:;~:;~1[J .. . 

~1'-1t1n'1ltl'lfltlUn1VlU~tln~r.J~Vl'l~Lu1n~1r.J~Vl11ruerl~1lJ"''tl'lVl~11f1 1.136 Lyh ~'lUnI'11'11tl'l 
r.J~ Vl11 NerI~r.J~Vl 'l~,rui1n Fl1 Cl n n~1 r.J~ ~Jl ruerl~'l 'ltl~1lJ"';'tl'l Vl~1 (;)tl~:;lJ1 ru 50 LtltlfLeDU~ LL[;] 

'U 

!"I 'I~" 1"'" LLUULuun L,"LL,"'1 U~:;UIfI '-1~ :; LtlUIn 

tU~,.~ Ln91L '\'I~ n LI.'G4:;F\ CU:; (2544) Vl(;)~tl'lU1L~u1u).J:;'Yi11'llJ11-n tJm1r.Jft).JU~tlntl .. . .. .. , 
~tJfltlUn1Vl LY;f)~mt'Fl'l1lJilJ~Uif1:;'-1~1'1'-1ti'lmLN..a(;) ,"ti'lUUN ~ (;) rl1 fI'l1lJ'-1U1LL tiu LL~:;rl1 

n11(;)IfI;).J~1 L~tJLLtl1rl1mlJ1ruL~u1u).J:;'Yi11'lLtlu 8 16 LL~:; 24 LtltlfLeDuv1Lrnu~1'-1t1mfiuuriu .. 
~ULn~(;) U~:;1:;U:;L'l~1tllJ~ 7 14 LL~:; 28 1'u "I1nm1Yt(;)~tl'l'YiU~1L~tlr.Jft).JL~ulu).J:;'Yi11'l 8 

LtltlfLeDUr;1 ~'lf)ti1'1il fI'l1lJ~1lJ11Cll um1furi1~'1~(;)tl1:;~[J~~ft (;\ LL~:;ii fi1~ (;\~'1 Ldtlm).J1 N . 

LInU~U~f)n~~Ufl'tlUn1Vlfi11).J (;)1'"l:;ii ri1~'1..a (;)1.h:;~[J 548.83 nL~ nrlJ [;jtl{;l1nWliU~LlJVl1 i1 

~1'-1t1n 3.146 nL~nrlJ fi,ri1~'1~IfItl1:;~[J 1 ,221 nL~nf).J[;]tlrn1n'lL'U~LlJ~1 i1~1'-1t1n 3.146 

nL~nf).J fhri1tr'l~"'lh:;~£J 1 ,221 nL~nf).J~rl1f1'l1).J'-1U1LLtiu 2,080 nL~nr).J[;jtl~nU1P1nL).JVl1 .. 
" ," I 

lL~:;i1f'i1n11"'(;\;lJ~1 3.48 LtltlfL;u~nu:;fiu~tlntl~ul'1'tlun1~r.JftlJ L~ulu).J:;'Yi11'lYi 8 .. .. 
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LU'rlfL';Ut;! ijril~.:l~~L~~~UU1:;l..nru 17 LU'rlfL~U(;) ~,)uU~'tlntl~Uf')'tlUn1VlL~ulmJ:;~jl,)~ 16 
" 

LL~:; 24 Ltl'tlfL';U~ijrh~~~~~~~~U1::~lru 36.9 LL~:; 47.8 Ltl'tlfL;Ut;![1l1~~I~U 

Hetal (2002) f1n1jlnI1Ln ",U5fi1UI1::,dl.:l~U:n L~U~LL~:;~.:l~U~U~,)U n~'tl~ 

~L~n[1l1'tlULlJLfl1~Lf')tlYiU~In111-n~.:l~u~'W"'I:;'huLi~n1nn"'tl5mml,"r1u~u;L~U~ L~U 

~U~I'tl'¥11F1LLFI~L;tl~fllfu'tlLUVl (Ca
2
+) y'hmjl~d'lu[;\')d.:lnlnn"'tl5mtlI1,"r1ULLfl~L:ntl~;~ 

LnVllm~wV1 (C-S-H) 

~ LlJ fi Lin'!!:: n~~~~,j (2546) ii1 n1tl fl,)l~ Liju LtlL~ Un11UILt11~'tltl"llIU~'tltl~L~"'Iln . , 
" " , 

LN.:lIUUI VlI~ ~1 H1. um:;u')unI1'" ",iuihJ'rl~1LL 'tl n~~ LL~ ::"'11 mrUUI~1 U Y1uYiOJi L~U~Utlf[1l .. 
".. , 

LL~'W~1JI.:l~')ulUn11~~~FltlUn1(;1 nI1,;)4'mLU~'rl'flmilu 2 iUV1'tlU~'tl iU(;1'tlUn11~~i1J;~L~ 
" 

I I I I I 

<;3 ... , "... "do "".,. -"... ..., 
I'lmtIL,)~IYl ~"llLYi'tlL"III\'l~~~~ f'),)I~L"~"IIULL~:;YiLtl"l!L1lJ[1lUYlL"'lJl::~~ L,)~IYlm~I:;~~ LUn11 .. . 

" 
nl4' ~~11~::~ltl~U'tl~ Ltl L'II L Yl'tl~n11'" ",i1J LL~ ::u1::~YlfiIl1Yi 1 Un11ril4'~~U'tl~ iU(;1'tlUnI1ViI 

" " , , 
fltlun1[1lu~'tlntl~:;~luU~U ~.:ll~ii1n1~t1~[1ln~,)u~~lJYiL"'~I::~ml'tl.:l;L~ut;!v1'tlYlntlvltl~u 

" , " 
Ln ~ ~ ~ Vln~,)u~~lJlItl.:lLnl~'tltl"llI'W-atltlYi (l n l-n un11",~iu~u'tl~ tl[1ln~,)uul vI'rlOJi L~U~ 

" " .. .. 
1::tI::L,)~ltJlJ LL~:;rhnl~~f1JLLN~'" ~~n11'Vl"'~tl1Jlu.:lIU,;)4'tlllYiu~1 iU(;1'rlun11",,,,i1JL~tll-n 

" " .. 
Lnl~'rltl"llIU~'rltl",,,,iU~u'tl~1u'tlnYi'Yh,~ 3 L'VlU~L~LLri ~~1 ~UIL~U LL~::~LLlM FI,)I~Lif~.jfu 

" 

" 1J~'fl nU1::~lutl~U L~LLri tl[1ln~,)u~~l-JOJi Ll-J'W~ vI'rlYlntl v1'tl~ULn~ '" v1'tl n11~~ [1lfl'tlun1V11J~tl n 
" 

'" '" • I 

LU'rlfL~U~ L~tlUI"'Un tl[1l11~,)UUlvi'fltiLl-J'Wt;l~ml-JI::~lJ R'tl 0.5 u~::~::tI:;L,)fntJ~ 28 tS'U ;~ 
o ..,.... ., I ~ .r:I '" ..cillo 

n1 ~.:l1U UN'tl ~ ~IULn ru"'~1 [1l1~IU"II'rl~ n 1:;'Vl1,)~'PI [1l~ 1"'m'~~ LL~::~n fll [1lU'VlU"ll'rl.:l nl nJ~ [1l 
~ ~ . 

FltlUn1[1lU~'tlntl1:;~I'Wtl~U1tlLLU1Jfl~n1"llLYh r11J 3 .34 UIYlv1'tln'tlUFI'aUn1V1~I"'Un 3.20 
" " 

~qtili fi~u'U,) (2546) ii1n'ttIL~tlin;~n1 - 'tl:;~ijul~1-ifLL~,)l-J11.jfLilutj'~VlLL'VlU~ 

;Ll-JU~U'tlf(;1LL~U~L~'tlt.l~VlFl'tlUn1V1U~tlnU1:;~IU~~UL~tlVi1n11Yl~~'tl.:l~n'tt1i1"'14'tlvll~1 ~ii 
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., 

~'il'Wn1[;ltJ~'ilmJ~:;~I'WtJYi'W~m~n L(1lUUlhrh~(1l~'l'WeJ~)J LU'W 2 3 5 8 10 LLS:; 11 Lyh Ll'lfJ ... 

~1\nrn'D'il~t)~VltJ~:;~I'W tl)J~~:;U:;L'lSI 7 LLS:; 28 t)'W LL~:;LLtJ~ril~[;l~I~'lU;~n1-tl:;S)3Ul~H' . ... 

LL~'l~cn'W:;j;h~1 j;]'ilt)MltJ~:;~IULtlU 0.05 0.100.15 0.25 LLS:; 0 .35 ~~:;L'lSltllJ 7 14 21 us:: 

28 t)'W L~'il~mn~ Vl~'l'W~ L~lJl:;~lJ 1 Unl~LLYl'W~''il~ L~U 1 'W;L)J'W~ LVlU L-n~[;l~I~'lU~I~'il;LlJ'W~ 
LyhntJ 0.5 Vl~'ilVlnljYlVl~'il~ eJSn1j~milYttJ11rl'lllJ~llJlj(lL'WnljYiI~I'WL~'tl~rltlun1Vl~Vl 

~J'., ... .or::::a...c:.. a. .J",,,, ... 
S Vl~~ [;lllJ ~ Vl ~'l'Wni n YtlJ'D'W'tl~'l~ (1leJ~lJ LLS:;'ilVl~ ~'l'W'lI ~ nI-'il:; ~)J'W1Yl h LL~'l Vl'il'l~ (1l1h:;~ I'J . .. . 

, ., 
LVlU ~ Vl~'l'W; L)J'W(;\ l1l'illWltJ ~'il~'WLn~ l'lYi L ~lJl:;~lJ vl'il nljeJ~ [;l rl'il'Wn1[;ltJ~'il mh:;flllJ~Yi'W ~fl 

1: 1.2:1.8 LLS:;nl~1J"';~ nI-'il:;~)3'W1~1-nLL~'l1~ij'D'W1Vl'il'¥lI~L~nn11 150 llJrlffilJL(1luhi 

~1 L t1'W~'il~ LeJ 1 '"I :;Yil1 «l~t)~ (1l~ijR'lllJ L ~lJl:;fllJ~fl (1l L ti'il~'"I1 n ~1 )Jl~(l LL YllJ~''''' U; L1J'\J[rl • • 
mlJl Cl.!)J1 n~u LVltJ~fll'l:;~ L~lJl :;~lJ vitl n1 1eJ~ Vlfll)JI~(l LL Yl'W~; L)J'W~ ~ 'lU;~ nl-tl:;s)3'W1 ~Hf • 

LL~'l'D'WI(1l'il'Wfl1 ~L~ nn11 150 llJFl1tl'W HiLu~I'I~'l'W 0.15 LYil'D'il~t)~VltJ1:;~I'W ih 1~Rtl'Wn1Cfl . . ., , 

tJ~'il ntJj:;~I'WtJYi'Wi1~lJ~YlI~ nIUfllYtYi1:;U:;L 'l~I1.hJ 28 t)'W ~1'WLn ru-nlJ1Vl1til'W~~VlJ1ru-n 
... ~ ., ., , 

~'il'W n 1VltJ ~'il ntJ ~:;fll'WtJYi'W, tl~ n 1:;Yl ~'l~'il Vl~I~ n ~~lJ LlflU ~'il'Wn 1[;l1J~ 'il n' 1 ~'WYi n ril'l'I~ ~'WiJ .... ~ 

~~1 2 .74 1J1Ylj;]'iln'il'WeJ~VlJ1'W-n~I~Un 4.40 nLSn1)J 

'J~'Jrijj ~::)JTU (2546) ~m~nnlnjln1n'D'il~L~U'"Ilnnl~L~~'iltJ~~(lU'W~L~LLri LPI'1i~ • 
LL~~ L~'l LL~ :;nl n [;l:;n'il'W '"11 m:;tJtJUIU lfl~ U~~L~'l )J1L-n LtI'W~'l'WeJ~)J L ~lJ1'Wnl1y'jlR'il'Wn~ 1'l 

tJ~'t)n YiI n1 1Yl Vl~'fN LlflU ~ mn~[;ln~'l'WeJ~)J''il~ n1n'll'il~ L~U j;]'il)J')~ 1'))J'Il'tl~ LL;~i~~lJ(1l~~ LL1J~ 

roll~~LLj;] 0.03, 0.05, 0.07, 0.1 0, 0.20, 0.30 LLS:; 0.40 L"'t11-n~[;ln~,)'WeJ~)JFI'tl'Wn1V1tJ~'iln~~ 
., 

tJ ~:; n't)tJ~')u tJ'W;LlJ'W(;\ : 'Vlnu : ~'W LYlIntJ 1 : 2 : 4 LL~:; 1 : 1 : 2 LVltlmlJl[;l1 ~VI~I~'l'W,jlj;]'il ... 
, 

.c:.I ... I .... 0 I 0 ... ., ., I I ~.., .... 

"llLlJ'WVl LYl l ntJ 0 .50 Yl l n11Yl(1l~tltJFlln1S~1tJLLN'ilVlLL~ :; f'n~'lI)J~'WILL'W'WYl 7 'l'WLLS:; 28 'I t.! 

[;lllJ~1 ~tJ LLS:;~ltJ~:;~YlfifllYt1'Wn1~~ {;lnl~Qn"II:;S:;~It1 L~~:;wt!n L~ LLn LFl1L~t1lJ "''il~LLlfl~ 
I ' I" 

[;l:;n') LL~:;tlnLn~ eJ~nl1Yl(1l'il~YttJ~1 ~Vln~,)'WeJfl)JYiL~)Jl:;~)JYl~"'th~1tJn1n'tl~L~mi~~'tl~ • 

LVltlm)JIVl1 l-nL,)~ltbJ 28 t)'W L(1lUYttJ11 ~t1Vln~,)'WeJ~lJ~LL~~Li'J 7 LtJ'tlfL;'WIii'll'lUlJ'lS1'llJ 

'tI'tl~LL;~i~~lJ'" ~llJI1(l,jllJleJ~t;\LtluR'il'Wn1[;ltJ~'ilnhi11J~I~Un LVltlL~f'hihi~1tJLLNt1(1l 2.9 .. 
LlJnn:;tJl~RI~ ril~,)llJ~t.!IUtlU 2,059 nL~n1lJj;]'tlSn1Jlf'1nLlJf;l~ LL~:;riln1~(1l"'nfl'W,j1 28.5 ... . . 

., .. , 
LtJ'il fL ;'WVl1lflU)J'J~ ~'))J'Il'tl~ LL ;~i~~lJ lfl ~llJl~(l,jllJl eJ ~ f;l LtI'W~'il'Wn 1Vl1J~'il n 1tJ,jl~un ;~ 1 ~ ril 

ril~~11JLL~~~lfl~ 7.1 LlJn:;1.h~RI~ ril~'lllJ~'WILLti'W 2,381 nL~n1)Jj;]'ilSn1JlP1nLlJVl~ US:;roll ... 
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QI" .oI:If 4........... 11I.d 

l'ln"llU~r.J1ULnru")J1~~j1U LLfl:;~~1rnr.Jfll;ulru"LVl1n1J 2.57 Ufl: 2.94 1J1Y1{;l'iln'ilUI'l'ilum~ 

1J~tln ~1~f1Jn1~tUU,x~L~'JLLfl:;n1m{;l:ntlU"I1n~:;1JUu11I~;U~~L11~1~ih~1J 

eJ~~ U~Ylt1'ULFl'11::," (2546) ~1U';)r.rtJ~m=nn1~l11;an1-tl:;fliJU1~t-ifLL~'JLLfl:;mtlf . . ~ 

LVltlflUifl~'il~ia~~"II1U.a'iltJ~ t.hUn1~~ l'li1JM~1 L'lifl LLU~fl U l-J1t-iflh:;LtJ"IIUL ~'il n1~tJ~{;l 
~ 

~1~~~1Ufl'ilUn-;'~1J~'ilmJmr~ L'llU fihri1~~f1JUN~1'l fl'l1)J~U1UUU LLfl:;n1~1'l1'l;~~1 Vll'lfltl~ 
~ ~ ~ 

Ll'ltJH~{;ln~'lu'tl~;~n1-'il:;fliJu1~'iltlu;L~U~LYhri1J 0.25 ufl:ti{;ln~'bu~I~'il1'~l'llh:;~1U " .. . 
, , 

Y)tltJYlHLL~'l~tl1'~~th:;~1UYl 0.5, 0.10, 0.15 LLfl:; 0.20 Ufl:;?:;tJ:;L'JflIUl-JLUU 7, 14, 21 LLfl:; • 
~ , 

281'u Ufl::lh:;LiJUf'ht-n~1tJtl'il~~U"ll'il~fltltm-;'{;lU~tlntlr.Jl!~ (39 x 19 x 7 L"IIU~h~(;1~) ;~~~~ 
~ 

Lvhriu 7.24 ~n:;t11~1'l1fl f'i11'l'J1)J~UILLUU 1.90 nf)J~tlflnUlf11riL'IU~L~{;l~ LLfl:iJf'iIn1~1'l1'l 
~ ~ .. 

;)Jl114.45 LtltlfL;Uvl {;l1~~1~1J t1~:;)Jlrun1~f'i1H~ltJ'Itl~tJ~~nru-nLYhn1J 2.82 1J1Vl~tl 

" l11~l!nFltlUn-;'{;l1J~tln~tJu~ 6.7 ntflnf~ 

'il~"i!Fl1 fi1f(~ (2548) ~m=n~1~d~tl~mm~Hu~'l"1nn~:1J'lUn1miu~ll1'Ur.rI'lLtlU 
• ~ I I '" 

"iltl~ L~tJ'"Iln LNn~ul1111'U"IIUI'l~U~ 1. ui1'"l,1Iu~~ l~iJ n1~':h~lru~mtJ1li1.-nLL~'J L ~fhu)J1 H1. U 

~1uritl~r1~ L~'il~"1n~1iJ I'lru~~~ LUU1'~l'ltltl'lL 'lifliU ~nvY~U~~1)J1~(ltlf1J L~ ntJ~ tfl~:;~l!n 1~ • • 
~n~'ltJ ~1U';){tJ~ij1' ~'ltl~:;~~ r1L ~tl~nMlnflln 1.Un1~UI'lr.rULfl~:;~l!n 1. u~1~d~t1~mtJl~H 

LLt\''lL~tll11~1tJ~)Jri1J~U;L~Uvl LLfl:;~nMln1ntl~uuutI~NLflN~~1~~:;~1J'1flJlIr1 {;l~'l"lM)U 

m~1 ruUFlfl L;U)JLvl'l?'il n 1"11 c;)~ L t1~UULLtlfl~ L ~tll11lJ11.-ir) Lfl11:;itl~mtJ1tl'tl"liL"Ii fl1U~ Ln I'l;U 

Y11'l~tl1Jn1mJ~uuutlfl~'1IU11'l L YiN LLfl:;nl~:;"iltl~ Lfl~:;~l!n"ln ntlU; L~U~L Yi~ vl LLfl:; 1~u1 dh 

(hU~U)J1r.J~lJriU~U;L~U~L~tl~nM1flru~)J~~1U~h~1 tln~'JtJ Ll'ltJ'tl{;ln~'JU~l11)J11.-n 

{;lfl'tlI'ln1~VlI'l~tl1JRtlYlntJ~'tl1'~l'ltl~:;~IU 2.75 : 1 Ufl:;~I~tl1'~~t1~:;~1U 0.55: 1 tJfl"llnn1~ • • 

LI'lN~~I~'1ltl~ C-S-H lht,x'W~1~1?(l{;l~"IYi1Jl~ ~1tltlfiU1UL~Ufl'l1)Ji~~ufi~:;~~1~~{;lnn1~ 

"II:;fl:;fl1U LLfl::fl'l1)J LUUn ~(;l (;\1~ Yi1J~1 tfl~:;~l!n t U~1?Li~t1~nm1~t-n LL~ 'l LLfl:; U11 ci 1U~U"::~ n 

"II:;'iltl nlJ11~~t U~:;1J1J~ ij r1'l1~ L iluc;h~ ~~ LL~ I'l~ 1.,x L ~U~1 Lfl~:;~l!n"l :;fl:;fl1tJ'tltl n)J1 ~~ LL~ 
" ~ 

-n,)~LL~n"iltl~n1ru)J LYi~1:;tU'1Iru:;l!UI·hYi Ltl"llt U; LlJUvlLYi~f;\tl1"M(i~ 12 ~'lUr.Jfl n1~';) LFln:;i .. 

~1fl'l L ~'il'l'"l1 n Ln I'ltl!jmtJ11v L(;lriULLfl:;t1~nhJ1t1tl'liL'lifl1U tU~1?d~tl~mtJ1~H' LLt\''l LLfl:;Ltl1 

ci1U~UtiULtl~ L~tJ1.U-n'J~G-~~U"I::LnV1"11ntl~mmLVLl'lriuU~L~'ilU1U;U"I:;LnV1"11ntl~mm 
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Ltl Lf'lri\Ju.~:;t1nmU1t1tl't·U~1\J li11m~~:;~u-l ~ n ~n4'uLt)1\Jntl\JlJtlf~1L~~ r.J~~L~U'l 

~'tl f'l1"l~tl-lriU'\J1f'1"tl~ tY'tN 1\J'LlJ\J~Lyt~~~ L~n~'l~ n ~'lU r.J~ n11Yl f'I~tl ,uj~u.~ f'I'l~1 mnJhn ru 

n11" :;~:;~ 1tJ"tl~ t~~:;U.~:;"U1 f'I"tl~ t Y't N~:;~ ~ ~-llJ1 n Lritl u. VlU~ ~ 11Li~t1n mtJ1~1-if u.~ 'l1 \J 

" " . 
~\J~LlJ\J~ffitJ~:; 15 tf'lm11~un Lt11,hu~\J1tltl~:; 20 tf'lU~1~Un LLvl~11L1-ltlnmu1Yi1-ifLL~'l 

" ., 
r.J~).JriULt11ci1\J~UL~tJ-lffitJ~:; 5-10 t~mj1~UnLYhu\J 

U'i1f11~"-'i U'lilt'l'l'iR ~jI~fHU~ (2549) ~m~1~Ylfiyt~"tl'lr.J~~U~\J~iJ r.J~r;itln11 
1"l1 U 1"l'l1lJ1tlU n11~IQ.JU1fl1i~t1~ U.~:;t1Vl11 n11L \-1~ LLc.i"tl~lJtlf(;l1 "il~U.~~LL~:; LtlU nLL YlU~ 

I I" I 

Yiqf'l~tl;jffitl~:: 1 0 'tl~ t~uu1~Un~\J;LlJ\J~ LLtJtJU. ~'l1"l1UI"l'l1).J1tl\Jtlth-l1'lf1lL~'l Li1fl'l'"l1n r.J'l 

~U~ULLUUU.~~~::li1\-1U1~ LilU~'l Li-ltl{jnlu11 \J).J'tlfI1l1 ~'l).Jtlf~1~ ~~).J ~'l~\J~ULLUU LtiU n 

I " ~ .J.J .;. J' I ., 

Y'tU'l1n11fl1Ufl'l1).J1tlU~1~~ ~1).Jm).J1run11u. YlUYlYl L yt).J,,\J ~1 n ~~ n11Ylf'l~tlUyttJ'l1 n1 'I m~ 

u.c.i"tl~).Jtlf(;l1~ ~~).J ~~~\JtJui~ U.UULL~~ LL~:;LLUU LtiU n~::iJ fi11 1n ~ L~U~ riu).Jtlfl1l1~h.n~ r.J ~).J r.J~ 
Of 

~U~U LL~f'I~1~L~\J~1ujtlU1~~~u~uLtlr.J~).Jriu~U;LlJ\Jj;j'tlJ~1LilU~tl~tJfuLtJ~mnlhJ1ru~1 



col 
tJl'IY1 3 

n1~1{tlnd:IUn1~~ mn f)'l'UJ Lij'U hJl~~6~"'~'ULL U'lYl1~ L un1 ~U1'1l'5~L~mh~L11Y1~~1 n 

l-J11-ii\i1ut)~"'i'llJL~'iln1~~~~f)'il'Un1",u~~mJ~~1'UtI~'U .nu1{tln~1lJ1HmU~n1~~1LU'U~1U . ... 

L 'Un1~UlJ ~'l'il£h~ LL~~~mntl~::~YlfiJl1Yi 1'Un1n::6~61t1 L~~~w.rn L 'UfI'il'Un1(;lu~'il ntl~~~1'UU 
" 

~'U~ ~fi (;l1~ ~ ",,(htl Lil'Un1~t1~::lJ1ruf'h Ht;j1t11 'Un1~~~ (;lfl'il'Un 1VlU~'il ntl~::~1uU~'U'"I1 n'll~~ . " 
" , 

L~tlU~~L11Y1~~1n L"'tlyhn1~14'm;~~lJ(;lY;\l~-3Un~n1~1Jruofl(;lLL~~1{tI \l'tNtlD~n1~"II~-3L~ tJ 

~'U(;lntl"'il-3Jl1 fl1"ll11 f'I'l n ~~lJ~-3 LL 'l "'~'illJ lXtl~UD~ n1~fI'ilUn 1(;lLLfl~Yl (;l~'5ut)~ ~'Il~-3Jl1 A';)" '1 

-:) f'I'l n ~j"lJ Ltln1 Jl1 fI';) "1111 PI'l m~m ~iltl~ Ld PI'UULFi~~-3i'j'il1{ tI 1 Yltl 1 f'l1 ~ (;lfU6:: L Yl At u t~ rJ .. 
'1Yl1 ~-3 n~nhJ~ 11Yl tl1 ~ tJ LL~ ~ \ltl-3UD~n'1~f)tl'Un111l L Yl fI L U Lfl ti Jl1 A';) "II '1';) PI'l m~lJ ttln1 

lJ~11Y1m~m.J~ (;l~ 

- YlJ1t1 
, 

• I'" .... I'" "'0 I ... - \!'U"lILlJ'U"'u'ilj"I1lLL~'U"'U~::LJlYlYl 1 (Ordinary Portland Cement, OPC) 

~~LL~"'-31'U~u~ 3.1 
" 

- ~ULn~(;l 

- ~11h::U1 

- "II'il~L~tJU~::L11Yl~f'l1n : u11ffi uri"lm~lYlti 91rl'" (~t13 . 2) . " 



3.1.2 .1"l~fliJ 

- LttlL~mJ~L~ffl 

- LlI~1LI4l\.lLtJ!lftl!lnLttI'" 

- n1(i11L\.I~1n 

3.1 .3.1 n1"mfi~~'lJ'lJ~fi::VI".~'lJ.a..IU;VI1~n1!J1l1~'IJ~~n~\J~'l~'.h~ 

- LfI';!l-l-r-l: ,\.I1(i11 3, 100 nf~ ti,)\.I~')L~~:;Lt)tJ!" 0.01 nf~ 

- m':;U!lml'N: ,\.I')(iII 500 ij~~~~1 ti,)\.I~1L~~:;Lt)tJ(iII 1 0 ij~~~~1 

40 
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- LLUU"U~tlliil)tlth:a~nU1f'lfr "lI\.I1(;1 5 L"lI\.I~iL).Jffl1 ~1tl 2 UI) LL~(;I-11\.1nJ 
~ v .. 

Y\ 3.3 (n) 

, 
- Lfiffi~~f\).J (Mixer) ).J~fffl1 LL~~FI~\.In'1ffl 

- U1~n14'ULI)~1 

- ~tluhHh .. 

" " 
- LLYi-1n1~~ (Temper): '!IU1(;1~U1rK(;I 0.5 x 0.5 (;l1~vNUI) U1'l 5-6 UI) 

" 0-

thnulii~L1uULL~~~U1 vl ~vl-1~1 n flU LLnu)jtl4'mh<i1 n1'~ ffl 'W (;I (;I1).JU1 . " 

- Ln'1U-1: y'h~I)UL~~nLLUU 'lI~UiuLn'1U-1LiluL~UfflNU1'l 100 ti~ 

150 ij~~LlJ(;W 

" - ml)UL~~n).J1(;l1~1Uih~fuVH"~~U~~U~~n11(;1(;1en).J,j1 : L~ue.hu 
4 " 

" .. 
ul1~11~LLri'llU1fflLu~f 1/2 U'l 'lI\.11fflLU~f 3/8 ill) 'lIU1(;1LU~f 4 Lu~f 

8 Lu~f 16 Lu~f 30 Lu~f 50 Lu~f 100 LL~~ rn"'1~-1 (pan) 

3.1 .3.2 n1'm~"'iI\Jn111i::~::~'lS'll'il~ L'iI~::,..,rn 

- (;l::LLnNffiu'lIU1(;1 2 ij~~\J.lffl1 (Lu~f 10) 

- L~~~i-1: 'U1(;1 210 nrn YhUrht~~::L~Uffl 0.0001 nf).J 

- t~::L'!Ith~11 (Table shaker) LL~(;I~~-111J~ 3.5 
v 

- n1::u~nffll)~: "lIU1(;1 2,000 ~~~~(;l1 Y)1uFhl~~::L~uVl10 n~~~(;l1 

- n1::Vl11i'nffi~1ULLn'l'llU1V1L~uc.hu~uUn~1-1lnffi~ 0.6 - 0.8llJFlffiU 
, .. ., .. 

- LI'lffi-31)VlYiL~"lI 

- L~i~-1~L~11~~1~~::~,rnm).J1 ruu~UtU~-1LL'l (;I~~).J LLUUt)U~ n 
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(n) 
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" 
(n) ~'l~funtl\!~'ltlth~~nu'lfllff ,j,'l~,rnnlJl~~~1JI 30 ~\! 

.. Of • 

(,) ~'liu~tl\!n1IJ1u~tlmJ~:;~'l\!~~\! ~'l~,rnnlJl~~~1JI 500 ~\! 
atlY1 3.4 LfII~~'VlI'I~tlun'ltf~fuLLNfilJl 

- €lJ1rl~')\!~~)J'tl~L~tlth:;LI1'Vl'tltnn iJltl)J'J~r.J)J 

- €IJ1Yl~'J\!~~)J1::~~'l~t)~~~~)J (Aggregate) LL~:;t)~~th':;~1\! 
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3.2.2 ~'lUUUn~ 

o ...... ... t,....... 
n1ft~ruUN~(;l'~~n~'WtW)~t11~ 

- t.fh.J1ru,~~tft'VI::\nIn 1 'W~1CJl::fl::fl1U 

3.2.3 ~'lUU1A11Jf2~ 

- ,1l(;lLL~:'\A1(;l,tWr~t'I • 

3.3.1.1 n11L~~t1lH~"'l'el,h~"lI'il·uitlu~LI1Y1~a1n 

U1"D~~L~m..h::L1lYl'Uft1nlfl1mLr;)r;)1""LLlX~ u1hJ'ilU~~ru~Jlij 103 n~ . " 
105 'il~Pl1L'ftL;t1~ lh:l.J1ru 3 i')h.J~L~'ilhiPl,)1l.J~t!'il'ilnr.l1n''il~L~tI1h:L1lYl'U~1n LL~,)U1hJ 

Ur;) ~1mrt!1f)fin1~LL1i~~~,)lJ (Vl1l.JJl1 fl ~\Afln n .6) L ~'il LU\A[;]') UYlt!''il~'Ufl1 n~~ n'tl~ A t'I LLtI m ~'il 
'VI1'il~l'flh:n'ilu'lI'il~'lI'il~L~tI1.h:L1lYl'Ufl1n u111.Ju(;l1.J~:l.J1ru 15lJ111 t(;ltli'il'W1""~.h'WtJ1::LLm~ 

LU'ilf 4 U1~'lt!~1.1.JLL."t!~YlntllLfl:i'il'W~1'WIfl:LLnr~LU'ilf 10. L~'il~'hPln:lfn1~"Il:fl::fl1mnL~'VI : 

mIn 1 'W' 'il~ L~ u1.J ~:LIl"''Ufl1 n ';) LPI n .::lfYi L 'tl"ll1 'W~ 1"1l:fl:~ 1U'lI'il~ L~U1.J~:: Lil YI 'U~ 1 n 1fl 1 l..J';) fi 

U.S.EPA.9040 

'il~Pl1L'flL;U~ ~'l\A'VI~~';)LfW1:lf n1~n~::91U'lIt!1(;lfl~: L(;ltl."nu~U1l.J1 ton'YI t'I~'il~ LIfl1t1l..J LC;)U 

ffilJc.h'WVl:LLnNLU'ilf 4 L~'ilU1l.J1LLVI'W~1'Wl.J,)flnl.Jfl:L~t1c;) 

3.3.2.1 n1~1A'l1l.J~1l1U uuun ~ (Bulk Density) "lI~·:lLitltl'i::LIl'Yl~a1 n 

i~~1'V1l!nn~Ifl,)~LU~1LL~,)9vnjlJl1nH 1.J~:l..J1ru 1 flnU1P1 nLl..J Vl~ 
" 
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1 ~ L~lJ tI nfll"1lU:;IWJ.:J 1 ~~.:J"Iln~'IJ~h.ll.h:;lJl CU 30 L "lIU~ LlJ (;W LL~'JU~t)tJ 1 ~n1:;LL."n r1U~Ufl~" I 3 .. 

. 
nI11't1'IJ'JCU 

~1F"l'JllJ~'lJILL'\h.!1Jn~ = ~1~Un"JItl.:JL~tlU1:;LfI"'~~ln / mlJl~ntl.:Jn.:JV1'J.:J 

3.3.2.2 nli~I'£)~~t1~n'llU (Composition) 'lI'll~'lI'eI~Litltl~LI1't'1~'fl1 n 

,j1'11tl.:JL~mh:;LfI"'~~1 n~u.:JhJ1~ ~ c;\ LL~n91n 3.3 .2 .1 lJI~1 

'tl.:JRU1:;ntl1JLc;\tJ";)fimmu.:J 4 ~'J'IJ (Quartering) (~.:JLL~C;\.:J1ufllF"l~'IJ'Jn n.6) L~tI~~L~tlnL~~ rl :; 

"lItl.:JL~m.h:;LflY!~~ln 
. 

nt1fll'IJ'JCU 

ffitlfl:;"lItl.:JL~UU1:;LfI.,,~£nn = ~1~Un"lltl.:JL~tlU1:;LfI"'~~ln x 100 

~1~Un"!Jtl.:J L~ tlU 1:; lIlY! 'U~1 nf'JlJ riU"lIU:;tu1 

3.3.2.3 ~LfWI~~~~,m';mHu~~I'In~n';'lllJ"llJ'lI,£)~Litltl~LI1't'1~'flln 

lc;,tI',)fi."c;,~tlU"I:;Yi911rul~IWJlmllun1c;\c;iI.:J ~i1~1 YlLtl"ll lvllr'1J ') 

~1tl~ln~1 LL~:;~Ifl'Jll.JLilumc;\c;il.:J YlLtl"ll Lvllr1U 12.5 ~1tl'Mn~1 L~tldju~'Ju.:J~1unl1 
" 

3 .3 .2.4 ~LfI'I1~~mJ.Jltut'fl~~~U n "llJ'lI'll~Litltl~Lllfl~'flln 

,j1'1Jtl.:JL~m.h:;LflY!~~ln~1~"Iln;r'tl 3 .3. 1 .1 ."c;,~tllJn'11"1l:;fl :; fl lt1lfl~:; 

~UnL ~'tlln n 11"1! :;fl:;fllt1i.:J~lJ ~"lltl.:J~11 ~'JtI',)fi nt 1t1'tltl ~'JtI n 1'" 1u~1nL -iilJ-iiUV11lJlJl V11~IU .., 

1~l.lri umn~ U1'tl'" ~11~~ LLfl~Li1t1lJ L'L~LUtllJ LF"l1Li1tJlJ Y!tl.:JI.l"'.:J I.lfl:; V1:;~'J ~'J mflitl.:J 

',)Lfln:;~1~~:;~umlhnruutltl1'IJ~.:JI.l'Jc;\~tllJLLuu~'W~nYi'V'l~'V'lLU~Yi~I~lJl (ICP-ES) 9:;y'i11~ 

."nu n.:J Fl'JIJ.J ~llJ1H11 'Wn'11"1l:;fl:;fllt1 Lfl~:;~un 1 U"JI'tl.:J L~ mJ 1:;LfI"''Ufllni1~'\l'JtI d1'Uijfl ~ n flJ 

~tl~Cfl1 Lc;\tl1unI1"'c;\~tllJ~.:J1l!lQfl~9:;,jllJl~r1C;\~'JtJ',)fi Waste Extraction Test (WET) "I:;vil 

;'Wii~tlLritl ~IFl'JllJL'lJ-ii'IJi.:J~lJc;\'tl.:J~11tlUV1ntl1Cfl1 i1f'hhhn'IJ~1 TILC (~.:J LL~"'.:J1'W . ~ 

fllflfl'W'Jn Fl.1) L"'tI"I:;ntl~ILiJ'W'1Jtm~mi'WVll1t1 n~tl~'tl~lmlJlrufl'JllJLilJi'IJn.:J~lJ~ "!Jtl.:J~11 

tlU11l11t11 'W"lItl.:J L ~~'J~ ~1'Wn11mtl.:Ji1~IJ.Jln n~I~1 STLC ~ 1:;uH~I~fu~11~'W LL~'J ,jllJl . 
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n 1 ~n ~:;411tJ-UUl In fOl~:;'lItl~~ULn~ ~ U~:;'Vl ntJ ~ 'tXtl'ltllJllii n l r 

fOltluniVi LLfI:;'Vllnt'\iltJt)l'\In-Uil'lfllf1~'Ill~P1,)m'~l.Jtmi1 [;l1l.J~fil.Jlm~IU ASTM C136 - 93 tlntJ • u 

Litl'l411n[;l:;LLn~'1"1iil'l t~ C1iil~tJU ltl"li'tl'l L~ n~lntl~ftl~Vlll.J-UUlln t~tJt -if Lfl1il'l L "lith l"1 In"llUl (;l (Sieve 

analysis) ~iJ'IIUllnvil'11 ~'1d -UU1~LtJilf 1/2 ~') 'IIUIInLtJilf 3/8 ~') "lIU1~LtJ'tlf 4 (4.76 

ijfl~Ll.J[;l1) LUilf 8 (2.36 ij~~L~[;l~) LU'tlf 16 (1.18 ij~~Ll.J[;l1) LUilf 30 (0.6 ij~~h~VI~) LU'tlf 50 

(0.3 ijfl~Ll.J[;l1) LU'tlf 100 (0 .15 ijfl~~[;l~) LLt'\~~tuXtl3.6 

'Vl (;l~'tltJ n1 nn I'll fOl,)ll.J d,)'1~1 Ll'n:;"lIil'll.J'H'l ~,)l.J (nm'l:;L~tJ (;l LLt'\ ~'1 t U 

1l1fOl~u')n n .2 UfI:; n.3) ¥'tltJfI:;n1~(;l(;l:nl.J~I"l1tl~l.J,)fl1,)l-J (ntJfI:;L~tJ(;l LL~(;l'l1U1l1JPlc.Ju')n n.4 
" , " 

LLfI::: n .5) LLfI:::t)MI~~~[;lIl-JWlm~IU ASTM C 127 ASTM C128 L~mnmll-J~'tl'ln1ni.l"l1tl'l . ..,. 

t{1ltl H"lIil~ L~tltl1:::Ul'Vl'tlfll n 

3.3.3 .1 nl'i'VI~~'fl~Y1 3.1 ~mil~[;l~I~,)U~lviilt)~(;ltl1:::~IU ~(;l~,)ut)l'\~ ~~l.J . . 

n11~~[;lflillm1v\u~ilnU~:;~IU~~U tv1tJHf~v\r1~,)U'IIil'l~,)Uc.Jt'\l-J ;L~U~ r;lil'Vl11tJ r;l'tl~ULn~ rn 

1 : 1.2 : 1.8 (~V\n~,)U~L~~I:;~l-J"lIil'lt)t'\~~t'\l.J ~nH1tlntl ~cp~'6fi~1!ul'1, 2546) t(;ltJ~ti'tl nilU 

~')'tlth~'jJUlln 5 x 5 x 5 flntJ1P1nL'l!U~Ll-Jv\1 v\1l.Jl-J1v\~~IU ASTM C109 LL'VlUr11'jJtl~L~tI .. ..,. 
, " • I ..,." ~ • ~ 

u1:;Ul'Vl'tlflln'Vl1iltJfI:; 0 , 1, 1.5, 2 , 2.5, 3, 3.5, 4, 4.5, 5, 7.5 LL~::: 1 0 L(;ltJU1~un'jJ'tl~'Vlr1t1 

LLfI:::Hf'jJil'lL~tJtl~:::Ul'Vl'tlflln~~iltJfI:; 0, 5, 7.5 LLfI::: 10 t(;ltJ~l~lXn"ll'tl'l'VlntJ~l~fuLLunrU 
" 

nl1'Vl (;lfl'tl'll1'1~l-J1n LLU1cJU 
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ASTM C29 lLft:;Yi~11(u1ihi-lf1JUN-arn (I11f'H.JU')n n.1) d'Ju(mU'n1un1j~"'~U lrntllii' 

;;~n1~Urn lun11t.1a~f')~Un~~u~~nth:;~1u\l~U~11"./l.J1~Wj1Ut.larnJl ru"~(;)~1~ nnl.J 827-
.,., " 

2531 lun11"'CiI~~-l~-l~uih'-l,uJ{;l 192 c;l')~th-l 64 "l!{;ln11"'{;lft~-l l{;ltluvift:;'IIrnn11"'CiI~~-lij 3 . . . 

3.3.3.~ n1nul~'f)~v1 3.2 ~mi1~l.JU~'~-lf')~Un~(;)U~~m.h:;~1u\l~U"l!U{;l~j 
~ft1 ~U1 6 l'ilU~Ll.J~1l{;luli1m1~~tl!1'tlU~')'tlt.l1-l~-l~l.J'" 1 0 n~ulii"~ri1~U{;l~1l.Jl.J1(;)1~1U 
t.la(;)Jlru"~1Jl~1"'n11l.Jlun11t.1a~f')'tlun1Vl1J~'tlm.h:;~1u\l~u 827-2531 Uft~H"~ri1~U{;l(;)1l.J 

., 
l.J1(;)1j1Ut.la~Jlru"~~~1"'nnl.Jlun1jt.J~(;)f'\'tlun1Vl1J~'tlmh:;~1u~~U~1"'fU-l1u~l!n 2035-

, " 
2543 L~~4'{;l1.h:;LI1"'FI~un1~u~~nth:;~1ut.l~U(;)1l.JUu,)"'1-l1un111ii'-l1U l{;lm:hn1'ltJCilf')')1l.J 

" ., ... , 
1~~1n ri1i-lfuUNt1{;l Uft:;ffitl~:;n1jrnCil;l.J1l1 l{;ltlu-rlfltlUn~(;)U~tln~')tlti1-l1uu1Yiijtln.mI1i1 

" . " ., ... 
27 ± 2 ~-lPl1l 'ilft L;U~ (",ffi~ru"'1Ji11l1l U~'tl-l) LCiltil ~ihu1~~ m\1~~')uu,tl-l Fltlun ~(;lU~'tl n 

lUUl')ft124 ± 2 -i'lll.J-l U1U~'tln~'l'tlt.l1-l;u'"l1n~11'~1~Ul;{;l~1~tj'l[)1t1u'tlnl~~l.J{;ll{;ltl~ 
[)1t11U~l.J~1 Ut\''lU11tJ-i-l (M2) ,)1-lf'\~un1(;)1J~tln~'ltlt.l1-l1u~tlulrntl~f'\~un1~u~tln;f'l~t.l1-l 

~tl-l,h-lt'nn ih~1~f1JFI,)1l.J1~U",1'tl f'\'tlUn1VlU~tl n ~'l'tlt.l1-l~U~t.l1-l\i~U 25 i1 ~ ~ Ll.J 1Jl1 flU 

~')'tlt.l1-l1~LL~-l~tlru",[)iJ 65 + 1 tl-lf'l1l"ll~l;tI~ LUUL'lft1 24 -i'lLl.J-lU~~U1.~LUU~tlru"'I1i1~'tl-l 
.. " - ~ '\I 

ut\'')-i-l (M) ~fin11Fi1U'l(u"'1f'hn1'l~"'~l.J~1 LUU~~tI~:; Lrnu1.~~:;L;tlrnii-l'" f'lUtll.J~1LL~U-l~ 1 

~1n~(;)1 
" 

M, 

u:l~ M2 f)~ l.J')ftFl~un1(;)1J~~n~')'tlt.l1-lu:l'tl~l.J~1 Luunfl.J 

M, f)~ l.J'lftfltlun1Vl1J~'tlnc;l')~t.l1-l~ULL~-l Luunfl.J 
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" , 
1l.!n1n;1f'1'ill.!n1f;\U~'ilm.h~~1l.!uYll.!~~LL~c;j~1l.!~UYl 3.7 L(;1U1if~f;\~1~,)l.! Ul.!'Ll-ll.!'" : 

~ ~ ~ 

I 

3 .5,4,4.5,5,7.5 

LL~:: 1 0 l~U 

11I'a·'~~lh~I.Jl"'?~1n 1 

_ fI"_, 
,)LRT1::l-ttl"T1~,)l.! 

..j 
Ylml.n::~).1 

+ 
t.l~~l.!~l.! 1 0% l~U 

~1l-tlJmJl.!;UJl.I~ .. 

I 
I I 

(U.S.EPA.ro40) 

-1LRT1~~tff).J1ru 

lftl-t::wJn 

(U .S.EPA.3050) 

I 

.. 
... 0 

-mrCl1C11'lil-ll.!1 .. 
-n1mr::~1tl 

'ill.l1C11R~:: 

-R,)1).Jl-tl.!1LL l.il.! 

-tN f'fth::nm.l 

I 

-mrm::'"l1U 

'ill.l1C11Rft:: 



~ 
'U'VI'VI 4 

~tnn L"'Um1LVlffi~6~",~,:mfi1'l~'lUn1~u1hJ~-lU'M\ ~U~'lmVl1 U~,)U1~1U~1\\~:;Li)U"'L~~ • 
«:iiI .J." I ~ 4.... " " .J 

~CiI"lIU1 "" um~UYl\UJ'l~~'l~ ~:;L~U ~'11-3IJl~-3 CJ1'UVI::unN LU~~ 4 '-3,)~"'t.J~~ VI~-l~ULL\1-lL ~~ • 
!' ~ a.J "" "''' ~.....J_ fl'lUfl~m~1 CU'U1 ''U~'lUt.J~~ t",u L ~~1:;\1'ULn~ CilYl1'11ltl~-l a1-31\1~::~1 '" L ~~m9 '" ~\JYl Lm::VI en • • 

~'l L ~tl~ ent.J~n1::Ylu~il vi~~ ~~ fl~un1IJlu~tln~ CJ~ VI ~-3~-3CJavitl n1~-3 fu U'N~ ~ fi1 fl,)1 ~ 

\1U1UUU LL~::R1fl'l1~Hh-l~1LYi1::"lI~-31~~9::1-nLijuiftllJa~Ul1U~fiu1unalmJnmu1LFl;:j~ 
- .r... d a.1 .1.1 .J - '1"..r -J -t :-
Ln"'''lIUVla~'''''tUam:tru::''lI~-3f)~\Jn~VlU~~nu~::~1'U'd~'UYlCJaVi LCiI l'i"'·ct,)UFl~:: LLa::m1c:!"''II~U1 

"lI~-l1~"'Lijui1"t4'U~~1LtI\J~~-l1'1~~~UL~~Fl'lUFll.Jn1~CJ~VI . . 

a::L~U'" ~::U::L'l~1ti~ ~~mU::vi1-l1 ~L\1l.J1::~l.Jvi~n1~CJ~Wlfl~tJn1V1U~~m.h::~1U~~'U L~~ 1~ 

U~1~Vl1~'"I CiltJ~::~-l,.n um n:i1u "'''lI'il-l L~ UtJ~::LJ1Yl~a1 n ~~-l ~mnn1~::a::fl1U"lJ'il-l La\1::\1Un • • 

\1~-l"t1n~U1"l1~-3 L~mJ1::UlYl~fl1 nU11tJlfi fl'l1~;U~'lU n11Vl1 nLLCiICiI LLfl ::~U ~~~~i-l 
~CilUUn~-lL"l~tJ'U~~"'~1nU"ll~-lL~m.h::UlYl~fl1nL-d'U LPiMLLf1'l ~LiiCill.J1'"11nn~::Ul)um~i"'''lI,) CiI 

Unl)~U1l.J1HLi1U1~CilUl'1U~'lfl~'l~fl::L~UCilL~~Ul¥-lU~,) '"I1ntr'Uitl\J1~"'~th\Jm1U~ ~~~l.Ji-l . . 
i~'U~')U(;l::unNl.J1V1~~1ULU~f 4 ~1\1fU1~",~HLijul.J'lfln~f1~1'1~U LLfl::~ULn~~Yhm~~1-l 

~ . 
... I • I '" 

". ",,, l.I -'.:::. q ~ ~ '1'" _~ • 
en,)UU1~::m"'LLa'ltlU ~\1LL\1-ll'1~ru\1JJ~ 103-105 ~-lf'l1L"lIm"llU~ LYi~Yl9:: L~Fl')Ufl~u1~1ru'U1 

"lItl-l~'lUtJ~~ Ufl::L ilUn1 ~ri14' ~ ~U~-l9::~-lCJa n~:;Yluvitl rI rufl1~ ~1Un1 n ~l.J n1~\1 ~ ~1)"lItl'l . . 
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4.2.1 n1m1A11J.1"'U1LL'\hnJnii1l'8~'D'il~Li!lt.l~L1lYl~~1n 

"t1n-31U,:)4'tlYiU~1'11fl-3L~U1h~UlYl~~1n i1rhFl'l1~~U1Lnlu 0.16 nf).J~fl~nU1 P1rl .. 

4.2.2 n1iiLAl1::~"'1'il~At.I~n'81J1I'il~1I'8~LiI!lt.l'i::L1lYl~~1n 
_ r r. I "!I _ I • - r ., .oJ 

n11'l LFl11~~fl~ Au1~nflU'llfl~Ul~ L~tI u1~UlYl ~~1 n 9~Yl1 n11'l LAl1~~111 t1~ ~~ "t 1 n Yl 

"lIfl~ L~m.h~UlYl~~1 nu. "'-3u.~'l Lli'ltlRIi'ILflfl n L ~ 'Vi 1~'1Ifl~ L~t1tJ1~LIlYl~~1nu.t1n nUa-3UtJ~ m.l~fll-J 

, .. , 
- ",J .. I ~ ... ~ ,.. .. .- ,. 

tJ~n11'lLFl11~~~1n'lUu1~nflU"llfl~ ~~VI~~UnYl'lLFl11~~91nU1"11~~~~1t1L~mLf\n~VI 

~'ltl n11i'11 U(;1'1m ;~;U'1Ifl-3~'lfltl1-3'11fl~L~t1tJ1~UlYl~~1n~~ LL~Ii'I~ 1UVl111~~ 4.1 m~1 Nfl1 (;1 • 

, 
oCIrit. ~ .01:lIo ""_ ..dI ....... 
UnLn~ LL~~Ylfl~llli'l~ 91nCJ~n11'lLfW1~VI(;\-3n~1'lL~flLYltiUnUf\1 Total Threshold Limit 

Concentration (TILC) U~~ Soluble Threshold Limit Concentration (STLC) YiU11Fl'l1~ 
" .. , 

l;~ifU'Dfl~L~~~~l1mjfltln1111-3aU tJl1~tJ1~n1P1m~Yl1'l-3fl(;1~1~n11~iluuYi 1 iJ Yi.PI . 2548 • 

mh'l11 m1YlIi'I~'ilUa~tJlJlJ~Vlffii~lil~'~H\L~'l~1~nli'l~'ltin Waste Extraction Test (WET) 

"t~~1;un~flLrifl rl1Fl'l1~L;~;U.,r~~~Ii'I'1Ifl~~11flUVll1t111i'11 i1r11hiLfiUrl1 Total Threshold 
,.... .....dI . I 

Limit Concentration (TILC) UVl~A1LYl1nU~1fl~1nn'l1f11 Soluble Threshold Limit 

Concentration (STLC) '1Ifl-3~1~U~n1V1UIi'I VlffiLriflJffl~n11,j1a-3tJlJQ~~ffii~lil~~HfU~'lt!u 
ltJn14'Ii'ILli'ltI':)fil1.m~uLrifllYitlunU~1V11~1uLrlfl~~u~~vn11-3~ 4.1 Ym~1'11tl .n~t1"11uli'I~\~'t"ll ... 
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mJ.l1tu 
ilflini'J.l/i(;l'l • ilfli nfJ.l/rnflniJ.! 

J.I1I1l'l11U TILC·· J.l1Pt'711U STLC'''' 

tfl~::\nrn ilainfJ.lJntfl nfJ.l ilfli nfJ.l/i (;1'7 

th''tl'VI n.d. n.d. 20 0.2 

t;l:;n'l 0.088 8.8 1,000 5 
... 

UfI(;lUJUlJ n.d. n.d. 100 1 
... 

L'JILfHUUlJ n.d. n.d. 100 1 

LfI~UjUlJ 
2,500 (+6) 5 (+6) 

2.033 203.3 
500 (+3) 5 (+3) 

~'W~U 
" 

n.d. n.d. 500 5 
~ ~ 

0.086 8.6 2,000 20 umn~ 

'VI~~LLCil~ 0.371 37.1 2,500 25 

0-

** ij~~ nflJ/~ (;11 Ltlurhfl'l'UJL')J'U'~~~I~ 1u~t.i'luij~~ nf)J'!I~~~11r;i~~ (;In~~UI 

~riCil H1u011LnuuriUlJlt;l1~IU Soluble Threshold Limit Concentration (STLC) (n11~'U'lru 

Cil1UJlIF1~U'ln ~.1) 
v 

* ** i1~~nflJ/nL~nf)J Ltlurilf1'lI)JL;)J;U'~~~1~1u~t.i'lui1~~nf)J'~~~I~r;i~~~~ 

nL~ n f)J'~~~~t.I5 Q ~~1~t) ~ ~~hi1' U~'l1.;n Un11L YiUUriUlJl Vl1~IU Total Threshold Limit 

Concentration (TILC) (n1~~'U'lruCil1UJlIf1~U'ln ~ . 2) 
v 

., 
91 n O11U1 L ~IUI'J1:;~:;~IU1 U'!I~~ L~m.J1:;Ll1'V1~~lnlJl'V1 (;l~~u~1~~ Lf111:;i';l LCilUt) en 

., , 
~'lU ~L'tl'1li1LVl~f VlllJ~fi'VI(;l~~U U.S.EPA.9040 'nU~lfh ~L~'1I1uUI'11:;~:;~IUiiriI10.01 ;~ 

(;I1)Jt.l1:;01P1m':;'VI1(N~Vl~I~n11)J~UU~ 1 n 'n .fII . 2548 nfh'l~I~~t.I5Q~~1~t)~~~'W1'u~'l 
t.I 

.., I • .I .. ., ..-. .., :: ~ .J.q 
1:;Ll1'Y1~11nCilm'~U (Corrosive substances) 'VI)Jfim~ru:;Ufi:;flru~lJU(;ICil~ULuU~11fi:;fiIU'VI)J , 

rilf1'lllJLilum'(;l~h~ ~L~"lI Lvilriu 2 ~1~~ln~1 Ufi:;RIf1'lllJLilum'~{;j,~ ~L~'1I Lvilriu 12.5 

~1~~~ n~, '"11 n n11'V1 (;l~~U ril~ L~'1I '!I~~~'"l1::fi::fiIU "'~ mh'l UJ4' (;l~~1 ut.l1::Ll1'Y1~11ri Ciln1~u 
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4.2.5 ~~~.ll'il~1fU~u~~t1~&'ll~i~t1DlJam~,,\iUi'l 
'"I1nmn Lftl1::~1~~'tl-.1 L~mh::LflYl~~1 n;-.1 hi\"Illltl-.1 L~t1~U~ntl 4' Vl\-1 ~'l Vl\-1).]LVltl \ if .. 

~~~L~lI 6 \-1~nfltl19 08 99 L~' 2 ~~~Ll~n~tl 19 U-.11Jtln~1~-.1t1nlJ~~1~~ud:lu~-.1t1nQ~~1n 
ts--.1t1fUft ruI11V.'IItl-.1L~t1 ~." \ if n ~::U'lUnI~Y11'" ~1'ULftnfltl~1-.111'l~Uri'l LVltl n1 ~vl~ \ 'ULm~i1 m ~ , 

Fl'lUf'l~phViLtl'll \~tl~~::wh'" 10.5 - 11 .8 L~tl\~'IItl-.1L;mnVln11~t1ritlU~~::Lif1~m::U'lUnI~ 
" . ". 

'VI 1-.1 n1t1J11V. fltl uuu11 'U"rN L~t1t1~::LflYl ~~1 n L~tlU1U1Vi~~1\-1~UL1t1U l-n1 \-1).] fi'lU'IItl-.1 L~t1 , 

t1~::LJ1Y1~~1mr'Uu11t1if-.1n~u J11t11UU1L'lruLN-.11'U t\1\-1funr~ 2 ~'ln~1-.1f)tl 08 d:lu~-.1t15Q~ 
\-1ffi t)~Vl~1lJH'ui\''l''1nn1~lif'''1U,tl.,,~ ~1~Lft~tlUL-.11 ~1~LR~tlU~'l nI'l ~1~~VlCJUn LL~::\-1n n , . ." 
~~YPD-.1\-11n4'~\-1lJ'l~\-1).]L~' 4 \-1~mL~'lYiU')11~~ 19 08 fltl'tl-.1L~t1Yil~'"I1n~::uuthuVlU1L~t1 .. 
;-.11).]1~ri1\-1'UVllt)1'U1~~~'U L~tlU1~11LFln::~L~1I 2 t'i'lYl1t1Yiut)11)']ih~~L~' 6 \-1~n~ 

L\-1~1::~~lU\-1~'lVl~U1 t1mt)'U~~~ijL~' 2 ~~~q~Y11mil'U 99 ~-.1t'lttl~~ 6 ~'lf1tl 1908 99 

'II'U1(;1ft~:: (Gradation)lItl."t)~CilCJ~~ 1LFln::~nlm1::"1t1''U1Vltl~1F1''tl-.1~ULnfi(;\ LL~::'VInti 

Hn1~f1VlUtln~'ltl~::LLnN LVlmpi~·tl-.1L'th (Sieve analysis) ~1~~1V1~J1U ASTM C33-93 U~:: 

ASTM C136-95a ~."t)~ (;\CJ~~~;ii1CJ~ 1 ~ill~1ru;L~'UiLv.~i~lif~Vl~-.1 F1'l1~~1l-J1~n lun11 • 
" ". 

~1-.11ul~"lItl-.1 F1tl'Un1Vl~ (;\;i;u ~11 ~ F1tlUn1Vli1 LUtlLL ,ju~ihL~~tl LL~ ::ij~ 'lU·Ii'ltl1Jtl-.1 nun1 ~ 

LLti n~'l (Segregation) 'tl"'~'luCJ~~l~iln ~'ltl m~';jLM1::ifi'l'UFI~::'1Itl."t)~ ~CJ~l-JLL~ Vl~ ~'ltl 
o. " 

nnv-luuu Semi-log scale (c;i~ltlYi 4.1) ~uLnfiVlVil-n'Un11c.J~~fttlun1Vlufitlntl~::~1u~~ui1 

''U1Vll~ q.jn~1\-1·h.lln~LFim 4.75 ij~~ L~ Vl~ ([;l::lLn1-.1~1(;l~~1'UlUtlf 4) LVltlijPi1 L~ (;I~~ F1'l1~ 
~ .. 

~'Ui1,u1~Lfinn~14.75 ij~~Ll-JVl~ ([;l::LLnN~1[;l1~1'ULU~f 4) L~t1ijphLl-JVli~ft'l1~~::lt)t1Vl 
d .. 

(Fineness modulus) Lyi1nu 2.77 LritlCJ~~Y111t1~~~'ULna~1'U~~fi'luYlntlvitl~uLYhnu 0.67 

L~tI~1mrn ;~d:lUf'h~tl~1'U''l~uu::U1 (0.55 ti-.1 0.70) tVltltl~::ruVl ~~th::~~~ (2541) 

11t1~ ::Liltl Vllltl~n1n Lftn::~LL~ Vl.;'!1 UVl1~1~~ 4.2 
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--
... c; 

--~um~~ 

- - Ylf1t1 

~UVl ,j~~L:jjm' (2544) mh'l~1 ~'lU~~lJ~i1Y1r1ulJ1mnuhj (~UU~U) '"l:;,j'lul~Yh,nu 

~1U LL~..,:;li11~fl~un''i~uVlnr1,)~1t1 'WYlUYl1U LL~:;hh.h:;~Ul7l ~'lUc.J~lJ~i1~UlJ1mnuh.1 

(Y1~1UU~U) ..,:;li11~fl~un1V1Lih~1tyt1~ Lil~U,iLL\lU LL~:;li1~1Umn;~ ~u LL~:;YlnU~1~futJ~Vl .. 

3/8" 

Lu~f8 

Lu~f16 

Lu~f30 

Lu~f 50 

Lu~f 100 

Y1~1U 

o 
o 

11.77 

18.9 

20.83 

33.68 

12.25 

mVlffi~ 2.57 

100 

1.09 

55.28 

41 .5 

1.89 

0.24 

100 

tlJ~~~fl'l11Jfl:;L~UVl (Finess Modulus; F.M .) 

o 

o 

11 .77 

30.67 

51.5 

85.18 

97.43 

276.5 

1.09 

56.37 

97.87 

99.76 

100 

100 

100 

555.5 

276 .5/100=2.77 555.5/100=5.55 
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• • 0 ~ r 

4.2.7 nl'iWl AlA'll)..! tl'l~~ILYn~ Ua~m'iMMlI~U'l"!l't)~)"!'la'i'l)"! ... . ~ 

fI'lll-Jd'l~~1 L~I::; (Specific gravity) 'II~~t)fI~dlU~'lL~'IIl1LLfi (;\~ 11X L ~U')It)~~nUI""t!n . .. . 
Li:Jun L Yll'lI~~UI'11 ru::;Yi ntfhn (;WLyi! rlU ""~ n nlr~ Lfl11::\f""11~~1 n n 1 rYiIU'l ru~ V'lri'lUl-J'l ~ t1I~ 

t.l'hn(;Jr l-J'l~l~~lnnlri~~I~t!n LL~::;ml-JI~1""lt~Un11U'YIU~~1 fI'llmb~~ILYn::~U~~rlU 
~~ fllh::;n~u LL~::;A'lIl-J~ tU"ll'tl~'tl'¥l1 fI ;~ ~hA'lIl-J,i'l~~1 LYn::;'II'tl~'YIntJ LL~ ::~ULn~(;\LLfi (;\~~-l 

(;J111~~ 4.3 Ufl::; 4.4 (;J'l"ah~u ~~RIf1'lIl-Jd'l~~ILYCI::fl1l1~LL~~1~l-JI~ln~(;Jrlri'lU1::;wh~ 

~1'\-tt!n '1I~~l-J'lfl1'nJtl1JLL ,x~~i~ 1U~1 n1 PlL YlUUrlU~1'\-tt!n"D'tl~~I~i~ 1u~1 n1 PI ~;:hIh./1 ~ 1 
• " I'" I 

L YlI rlUl-J,)fl n).l L~m''ll-J~'luYi L ilUL ll'tlU;~ LL~::;,j~~~1~ 1l!).J'lfl1'l).ll1ti 1 fl1).11 rCl;).I ~.hu 1~ RI L ~ ~u 
I • ~ 4 4 

A') 1).1 m~~1L~1::;fl1l1Ym ""~"II'tl~l-J'lfl1'l).lfl::L'rltl ~ U~::l-J'lfl1'l).l"" tJl U FI'tl 2.57 LL~ :: 2.67 

(;JI).1~I~U ~1""fuRIL 'il~tJ fI'lll-Jd'l-l~1 LYn::;~l-J ~'l~n'lUlt~ 1~).I1~1 n~ (;J n~'lU1::;'\-t~I-l~I""t!n~ 
i-l1U'rl1 nlf'1"D~~lJ'l ~ r'll-J rlU~I'\-tt!n'll~~~11l1U1u,j'rl~~I-l~~1 flll-J1 rCl;l-Jt.hu't~ L YltJU rlU 

~1""l1n'll'rl~~I~i-l1u'tll WI PI~nml-J1 ~1L YllrlU ru 'rlru\w;:h~tJ'.l nu ~1 n n11~ Lfln::;\fR1 L~~ tJ , .. . . 
fI'.lll-Jd'.l~~IL~I::~lJ~'.ll1thLLlt~'II'rl-llJ'lfl1'll-J~::L~U~ u~::;l-J'l~r'.llJ'\-ttJluFi'tl 2.59 m~:: 2.68 

(;J1l-Jih ~u U~::;RIF1'lI).1 ci'l-l91 L yn::;tlrl n!) 't~~1 n nI1Uli(;Jnri'lU1::;'\-t~1-.1~I'\-tt!n'll'rl~ l-!'l fir'l l-! 

'rlULLlt~~i~lumn1P1 LYitJUrlU~I'\-tt!n'1l'rl~~I~i-l1umn1f'1~nmlJ1(;J1LYhrlu).J'lfl1'l).Jt~uhh'l).J 

-rl'rl~~I~ lUl-J'l~1'l).J~~1 fl1lJ11Cl;).I thul~ ~~ RI L~~U A'lI).1 d'l-.1~ 1 L ~1::;tln n!)'II~~).J'l~r'.l).l 

fI::L~tJV'l LL~::).I,)~1'l).l~tJ1UFi'tl 2.61 LL~:: 2.72 (;Jll-Jfll~U lU-lIU';)~tl~')\J~djun1r~Lfln::;\fRI 

FI'lIl-J d,)-l~IL YiI::;'II~-l).l'l ~ 1'llJ LLUU t1I1~ 1 LL~::A'lIl-Jfll).11HI~l-J'l~ 1'llJ~::; ~ ~~IL ~'rl Ltl~tlU~ 1 n 

fl1l1'l::;LL1X~ltldju~).JI~l'l~~'lLL1X-.1 ~1-.1~~RI~LLU::;Ult~U i'<jj'lI~U LPlniJlJ(;Jr (2539) tV'lU t)fI~ 

t.I fI).I'\-ttlIU Ufl::~::;L~ tl (;\~1-D 111.1 LV'ltlvY') ltl~::n RI A'lIl-J d'l~91 L ~1 ::;lh::lJ1 ru 2. 7 LL~::; 2.65 
. 

0 ..... 04 II I. .oc::a. - ad. I .4 

(;J1).J~1Ci'1U '~~lnt.l~nlr'YIV'l~~~ YiU'l1f11f1,)Il-Jm~~ILrn::;'II'rl~""ULn~V'llJfI1r::'\-t,)I~ 2.67 C1~ 

2.72 ~'lU'YIl1tJnR1 2.57 Ci~ 2.61 

~'rlU~::;'II'tl~n1r~~;).I~1'11~-lt)fI~t1I1~ 1 LilUYi111iJL~~f~i1F1'l1l-J~1I'1CYl-!1m~'rllii1.unlr 
fI'lufJ).Imm ru~11 U~'lUt.lfllJ L~tl t lt~l~ L~).Ifl-lltlLi1u~I~I""f1J~'lUt.lfllJ fI~un1~~n""~I~YiI 
tlnmtJ11tlLCi'lriu -rl'ltJ 1,x FI~un1~fI ~YiI-lIU 1~ U~~LA~'rlU~'.lt)fI ~ tJfllJ 1 wn L).IU~L Yifl ~Lih4'uu ~ 
n1r';)LAn::'\-t"1.;rsfi(;JllJ).J1~1~IU ASTM C128-93 ~~Lilun1r~LFln::;~~1""fut)fI~tlfll-Jfl::;L~wn 

d . , 

LLfl::;~1'\-tfu~ULn~ ~ 1~fi';) LFln::\f(;J1).1).11~1J1U ASTM C127 -88 ;~LLflV'l~nUfl::LiitJ~ 11.1 .. 
1l1f1tlu')n n.4 LLfl::; n.5 ~U~IRI~'ilU~::'II'il~n1r':J~;l-JUI'11~~~ULn~Vli1R1 0.61 LL~::~'rltJ~::;'II~~ 



• q I. " 1 
fl1L~~Ufl'l1lJ(1'l~"I1LYi1~t\1l1YiUlN 

1"11 L ~~Ufl'l1lJ d'l~~1 LYi1~~lJ~'lYltj'l LL"'l 

1"11L~fiUfl'l1lJd'l~~1LYi1:;Ul1nn 3 

, ... " .. () fl1L~~Uffiu~::n11';H~'lJ % .. 
1 , .J , " ... ... 

2lYitu~lJ~'l~'l~1 U~m'lLL~~ 

\L~~1\Jtl1n1f1 ~t)1"1i:i~11\JlYit\J 

I q & . " 1 
fl1L~~Ufl'l1lJm~"I1LYi1::t\1l1YiUlN 

,.. I 0 .Q,"~.Q" 2 
fl1L ~~Ufl'l1lJm~"I1L Yi1~t)lJ l'l'lYleJ'l LL "'~ 

1"11 L ~~u fl'l1lJ d'l~~1L yn:;Ul1nn 
3 

, ... " .. () fl1L~~UffiU~::n11(;1(;1"AlJ % .. 

0 

11~1 "a - 0 

"'lJ1t1L"'Pl fl1Y1eJ1'Un1ffiUU"'~YI~ru"'1JlJ 110 "II 

21n1\J~lJ~'l~'lU~1 LLvitj')u~~ .. . 
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2.57 ± 0.01 

2.59 ± 0.01 

2.61 ± 0.01 

0.66± 0.02 

2.67 ± 0 .04 

2.68 ± 0 .04 

2.72 ± 0.02 

0.61 ± 0.15 

4.3 .1 eJan'UAn1f1i'f\~1~1U~'il~'iI'e)~LitltJ~LIlYl~a1nYh,r9i'enI1a~1lJa~L~tJl'l 

1. U n1~1 A'ilU n~fl\J;'iI ntJ~tf1UtJ~U .. 
n11AnM1tfi'lU",rifl~ntJ1f1n'1l'U'(;I 5 X 5 X 5 ~nU1f1nL'II\J~Wl'l~ utI~cr\J.al'l~1~'l\J"IIt)~ 

~ .. , 
"1.1 ' .... " 'i' Lflu 1::L1lYl~~1n(;ltllJ'l~1'llJ YI 1t)tJ~~ 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 7.5, 1 0 u~~ 20 ~(;IU 

~1"'UmJ'l~1'llJ~::LtlUCi'l 1,.al'ln~'lU'1lt)~eJ~~'U~ui'l~nu~'U;LlJ'UvI~rt)u~~ 10 'i:c;m,1,,,,\!n 

t1'U;LlJ'UvI.ac;)n~'l'U~'l\JeJfllJ'1It)~;LlJUvl[;jtlYl11U~tl~'ULnft(;\Lyhnu 1 : 1.2 : 1.8 L(;Iu,11",\!n .. ., , 

U~::utl~cr\JFh.al'l11~'l\n11~tl.)~(;Itl1~~'\JYi 0.5, 0.6, 0.7, 0.8, 0.9 LL~:: 1.0 ~::tJ~L'l~1l\Jn1~ . 
1ilJ~ 7 LL~~ 28 .)'U t(;lUyhn1~YI(;I~tl~flf~'n:: 3 ~1l~tl~"I1~(1.l1n1~~fullN.aC;Hil'ULnru.n YiUrl1 

L~tl Ll t11cr'U1"11'11tl~ L~Utl~~ ll1Y1~ ~ 1 n LL~ ::LL 1.1 ~cr'U.a Iiln~')'U'1I tl~~1 vitl') fI (;Ilh :: ~ 1 'U Yi 'Url 1 . 
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~j;l~'lUr.J~l-J"lI~~Fl'el\.ln1(;l ~U Y1nu ~~~1l1l-J11ifL11u~'lur.J~l-J1I~~Fl~Un1~ ~~~~::'B1j;l Ll;~LLni~ 

Y1UYlIU ih~~ul-Jfll-J 't~'!IU1t1~')'nn i1~11"iffi~-1~mJ1n~~11~fI~un1~~~~l-JFlOJ1l1'Yn!~u~~(;l . . 
;-1'!1~-1 ~~mh~~llYl'Ufll nLri~UIl-J1 ~t1uthur.J~l-J ~ri~Vi~11n.ni'll-J riu nl~-1fuLl1~~~ Llfl:; 

~(;ln~'lu~Ic;i~t)~ j;llh~~IU Lri~n,,\11CUlffiufl~'D~~~~tI1J1~LJ)Y1'Ufll n~¥~ufl~ 5 YlUfl1 n1~-1fu 
• 

" I I'" I 

L~N~ WjJ~-1 n~uFl~un 1(;li1 ~L u') t Ul-JfI~fI-1 (;l1 l-Jml-J 1 ru1l1 Y1 LVi l-J;U L~~ L11n"\11CUI fh n1i~ flJ 

LLN~(;I'D~~n~U~Un1(;l~'t,]'t~r.J~l.J'D~-1L~mh~LllYl'Uflln LmtllJLY1t1lJriU'!l~~L~m.h~LllYl'Ufl1n~ 

¥~Ufl~ 5 ~.a~11~,)U~Ic;i~t)~j;lth~~IUvil-1riut(;lu.a(;ln~'lU~Ic;i~t)~j;l1..l1::~IU~ 0.7 0.8 LLfI:; • • 
0.9 nl~-1flJLLN.a(;l'D'il-1 Fl~Un1(;l tj;lU'!l~-1L~tl1..I1:;LllYl'Ufl1 n~¥~tlfI:; 5 YiUfhnl~-1fuLLN~~;jfh 

l-J'l n n~'l~ ~ 11~'lu~1~'t~ r.Jfll.J"JI~-1 L~u1..l1::lllYl'UfI'l n L ti~~~1 n'!l~-1 L~tl1..I1:;LJ1Y1'U~1 nLtI'W~'l 
., I I " ... 

f'l,)lJ Fll-Jml-J1 ru UI ;-1 ~1l-J11ClYiI1 ~ fOil nl~-1flJ LlN~ ~i1 fOi'l L Vil-J; Uj;l1mr~11~,)Uu'lvi~t)~ j;l • • 

1..I1~~IU Llfl:;~1l-Jml-J'lru¥~u~::'lJ~-1L~u1..l1::LllYl'UfI'ln ~m(;l ,j~'lL;tl1 (2544) nfh,)~ltf'lN~¥'l-1 

l'WLlc;ifl::n~'W'lJ'il~t)~j;lr.J~l-J 1..I1~n~u~')mti~'!J~~Ll;-1 LL~~"ll'el~~I-1 ~1~1Yi1U ;-1U'l-1~')u~ul'WL~~ 
"II " , '\I 

t)~ j;l l~fI:;lJl-1~'lU'ilU~Ej,)'!J'il-1t)fl~ '~-1~1~mfh"!u,,\:;(;l(;lfl'l1l-J~'W 1 U~1 n1f'\L;11 'ttJu1uH n11r.J~l-J 
, '" '" 

'" I" I 

fI'ilun1(;l~-1 ~~~ Fi'lU-1 n~ f'lrufll-J~.jJ~'lLl1~f'l,)lJFll-Jml-J1 cu1l1L uf'l'lur.Jfll.Jl m~Fl,)1l.J;UL ~~'l Fl-1Y1 • • 
.au~~Yi11 ~ Fl'ilun1(;li1 l~~~~ILfll-J~ ;-1~(;lnf'l,)u1~~~'l~~'l c;i'el1..l'W;~l-JU~ i1r.J~m~Y1uc;i'il n1i~ 

" 
" ~1UYl1UL~1~~~ Llfl:;Fl,)1l.JYlUYl1U'!J~-1 f'l'ilUn1~l-J1 n rh~ (;l n~'lu'!I~~ll'l vi~; ll.JUI1li1fhl-J1 n nli~ 

~1UYlIUFl'elUn1(;l;h::~1 rh~~n~,)u'!J~-1~1 c;i~; ll-JU~~'elUfl~ nli-1 ~1UYlIULLN~ ~'!I~-1 f'l~'Wn1 (;l 
" ., " I I 

ih::~~;u ~~uu lun11r.Jfll-Jf'l~un1~ nl~Il-J'l1Clfmt1'tl~n~,)uUFl-1Y1 n~LL,j'~,)Ur.Jfll.J~U1 ~ :: 

L 1..1~ tJU't1..lUl-1 n'li-1'!J 'il-1 Fl~un1~"\:: 1'] l1..l~UUlL1..I~~ 11..1 l-J 1 nun 'U::"!u m"\ ril~Uj;l ril~-1 ~'lUYI l U 

'!I'tN Fl~un 1(;l1Jl~ 'l n~ (;l11~ ,)U1~~~1-1~1 vi~1..Iu; Ll-JUc;l t", tJYI j;l~~U fh nl ~~fULlNt1 j;l~~~ V'I-1 ~~ nJ " ~ 
.J 
YI 4.2 L~~:; 4.3 
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, , 
"l1n(;l1n~Yi 4.5 LU~~1t1Yi 4.4 LL~tn~Fhn1~~fuLLN~CiI'D'il~ri'ilUfI'ilUn1(;l~ nU 1F1nYi 

~ ~ 

~ (;l n~')U'D'il~"II'il~ L~Utl1:;lJ1Y1~f'l1n~1 if LL~,) c;\'il-)~ tntl1:;~1Uij R1 L~~~ U L ti'il~'"I1 nm~1 ru'D'il~ • 
L~m.h:;lJ1Yl~f'l1n~ L~~~ud~lu~,)'l,)1~kul'i11 ~ Lnc;)tlnmm \m(;lriu\~U'ilU~~ tc;)tJ~ (;ln~')U'D'il~ 
'D'il~ L~ Utl1:;LJ1Yl~f'l1n c;\'il~,)f'l1')~~U'iltJ n~ 1 ~'iltJ~:; 3 t~u~1lnrn'D'il~~,)~1,)~~:;L~tJ C;)YiU~1 
t1(;l11~,)U~1c;\'il1'~(;ltl1:;~1U~ 0.5 1:;U:;L,)~1ti~~ 28 -)U l'i11~fI'ilun1(;luft'ilnth:;~1utl~ui1 . ~ 

~~~Yl1~n1UJ11Yit(;lUijri1ft~fuLL1~tlc;) 41.5 L~n:;1.h~fl1f'1 ~~nrJ1Fh~1(;l1l1UFl'ilUn1V1Uft'iln 

tl1:;~1Utl~ufu~1lnrn (40 Um:;tl1~rn~) LL~:;Lrl'ilV.'"I11ru1~~1tl~ 4.4 t1(;ln~,)Uc'/~~L~tJ')nU 
~ ~ 

LLI1iL~~1:;tJ:;L,)f'l1ti~LUU 28 -)U l'tU~1 Fi1ri1~~fULLNt1(;lijR1L~~~U(;l1~1:;U:;L,)~1ti~ 

'"I1n1:;U:;L,)f'l1ti~LLt\~~~111~~ 4 .5 LL~:;1tl~ 4.5 LL~CiI~R1ri1~~f1.JLLNt1C;)'D'il~Fl'ilUn1(;l~ 
~ 

1:;tJ:;L,)f'l1tb.J~LL(;lnI1i1~nu ~f'ln1)'~mi1YiU~1 Fi1ri1~~f1.JLLNt1Ci1''il~ri'ilU~,)'il[h~''l:;i1Fi1~~;U 
'U 

I ~ .t..s ~ Q ~~ 04 ~..::.I .... 

(;l1~1:;U:;L 'If'l1 n1),U~YlU1U'lU LU'il~'"I1 n Ln ~~11tl1:;n'ilULLflf'lL 'l!U~'I!~ Ln (;l \m~1(;l~1'ilYl L)'tJ n n u 

ttntJ~')hl~1 ;L~Uj;fL"lf'l ;~ij~~~LilU-)~~tl1:;~1u~Ln~"l1ntlnmtJ1\tlL(;l1iu1:;w)1~~1nU 

'L~U(;]~1n~U YiUrJ1 t1(;111~'lU'D'il~L~tJtl1:;UrI1~~1n~HLL~'lc;\'il-)~~tl1:;~1U~~'iltJ~:; 3 ~ • 
1~tJ:;L'lf'l1ti~~ 28 -)U ~~ijR1ri1~~fULLN'tltn 41.5 L~n:;t11~fl1f'1 ~~i1rhri1~~fULLN'tl(;l~~ n~1 

'U 

" " Fi1~1(;l~]1UfI'ilUn1(;1uft'ilntl1:;~1u~Yiufu,j1~,rn Fi'il 40 ~n:;th~fl1f'1 ~~ijFl,)1~L~~.J1:;~~ 

,j1 \tI C./~ VI LUUfI'ilUn 1(;l1.Jft'il n1:;~1utl~ufu~1~,rn 
~ 

rt1U~:;'lJt1'1l~U1h:;LflY1~~1n 
fhr'hft'lfuu1'1flril (L~n:;1.h~fl1~) 

1:;U:;L'lfm.i~Yl 7 O)U ... -
1:;U:;L,)~1tJ~VI 28 ')U 

0 42.1 59.1 

1 35.9 45.6 

1.5 35.3 44 .1 

2 34.9 43.9 

2.5 33.9 42.6 

3 33.3 41.5 ,. 

3.5 31.6 39.9 

4 29.4 39.2 

4.5 28.2 37.4 

5 27.6 36.3 

7.5 20.7 27.3 

10 12.4 24.9 
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4.3.3 A1A1111,nJ1u.u'U 
, , 

"1n(;l1n~Yi 4.6 LLf'l~~UYi 4.6 LL~'Mf'hFl')1~~U1Lllh.!'1l'il~ n'il'Uf'I'illJn1111f'lnU1f'1rlYi 
~ ~ 

~:;t1~L,)f'l1ti~~ 7 Uf'l~ 28 t)'UYiU~1 fI,)1~~U1 LLtlU'lJ'il~ ntlul'l'ilun1l11lJ LL 1..1') t -W~ f'l (1lf'l .. Hri'ilL~~ 

~'Mhu'lI'il~L~t1U~~LJ1Yl~f'lln Lti'il~"iln"ll'il~L~t1U~~LJ1Yl~fl 1niil'l,)Il-J ~(1ltUj'U Lri'ilUIl-Jlc.J~l-Jlt.! • 

1'l,)1l-J~U1UtlU (nfl-Jr;l'ilf'l nUIf'1 rlL "l!'U~Ll-J 111~) 
~ 

" ... U ~'iltlfl~"lI'il~L~t1 ~~UlYl~f'l1n ~~t1 ~ L,) f'l1 ti l-J ( t) 1..1) 

7 28 

0 2.16 2.16 

1 2.15 2. 16 

1.5 2.15 2.15 

2 2.13 2.14 

2.5 2.13 2.13 

3 2.11 2.11 

3.5 ?10 2.11 

4 2.10 2.10 

4.5 2.09 2.09 

5 2.07 2.08 

7.5 2.02 2.01 

10 1.95 1.94 
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~ ~ 

1:;tJ:;L'l~')UlJ~ 7 LLfl:; 281'l.I ~u~,) ~'tltJf~ :;n1 1enen;lJ~1"l1'tl~n'tll.lrl'tll.ln1_(;1flnU1P1n~UU'ltUlJ 
~ ~ 

L ~lJ;l.IVl1lJ1:;tJ :;L'lfl1UlJ L ~~W"l1 n n'tll.lfol'tll.l n 1 (;1 fl n U1 fII n~ rI'l1lJ ~'tl~ n11~ 1 L ~ 'tl H1.l.In 11 
~ 

Ln en tJ !j1ilm tJ'tl 'ilL "lIfl1l.1 ~~fi1 'hX n'tll.lrl'tll.ln1(;1~ nU 1 PI n~ en; lJ~11~lJ1 n;l.I 91 n ZtJ LL~ en~ ~'tltJ~:; 
n11(;l (;l;lJ~1"l1'tl~ n'tll.l~'Ul.In1Vlfl nU1 fII n~ 1:; tJ:; L 'lfl1UlJ 28 1'l.ILn'tl·-W911N1~'tltJfl :;"lI 'tl~ L~ tJ 
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, >-

• I ""'1 ..::i I 1.- do" ~ r~ 
u1:;LJlYl~fl1 nLLYll.lYl l.IlJ'lfl1'llJ~:;L 'tltJ (;l ~U'l1 1'tltJfl:;m1(;l(;l'lllJl.I1''tl~ n'tll.lfOl'tll.ln1Vlfl ntJ1 fII nlJ .. .. 
LLl.I'l L UlJL~lJ;l.I L~'tl~91n''tl~L~tJtJ1:;LJ1Yl~~1 n~fi1m1(;l(;l;lJ~11~~ ~~Yh 1tX1'tltJ~ :;m1(;l (;lt;lJ 

OJ OJ 
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... 0- .. :; 
fi1l'U~UrtlU~!:n1r~~"l!~l!1 .. 

" ... tJ r't)Ufl~"ll't)~L~U r~Ulv\'Ufl1n r!:U!:L'lfl1UtJ r::U::L'lfl1UlJ 

7 (1'l!) 28(1'l!) 

0 4.04 4.22 

1 4.39 4.52 

1.5 4.84 4.94 

2 5.10 5.21 

2.5 5.49 5.60 

3 5.85 5.97 

3.5 6.27 6.39 

4 6.55 6.70 

4.5 6.94 7.05 

5 7.27 7.40 

7.5 8.28 8.31 

10 9.17 9.34 
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.. 
~1 nn1~Y1~~flUtUIU~'j]t)~ At)un1~u~flmJ~~~1U~nu'Ufifl LiI'Uluti J~~1 'U'U1 6 

" L''U~Ll.J (;1~ L(;ItI'lfL9i~L 'U1LL YlUW1~n~~"'~ ~':lu;jflU'U Y1(fl~flU 5 ~':lfl[h~ 1~ t.J~ n1jYl ~~flU"'~ , 

rh~~fuLl.N€~ (UJn::th~fl1f1) 1t)tlfI~m~~~;~nh fI'l1l.J'UU'lLl.UU (nfl.J/~nU1f'1nl'!lu~UJ~~) 
" 

55.7 1.45 2.37 

. . " 
..,.. I"" r iI " .... ~ . ... • I"" rtl r r ..,. 1.1 lLYI'UYI\j'U"JIUJ'U(;1L 'UffiUfI~ 10 LLYlUYl L~tlU1'U'Un'fl~ ~ 'U"lI Ll.J'Uj;\ fl~j;lLLfI'U(;I LLfI~'j]fl~ L~tI ~~L1lYl 

~fl1nLLYlU~1flUfI~ 3 L(;ItI~1'UUn'j]fl~Yl~1U ~U~1 r11~~fuLLNti'~~1~~1n~lf1flUn1(;1u~fln 
.: .J .a.. J' d ~ ~ ~ ..Jq.::J lJ 

lh~fl1'U~~'UYlt.JfllR'!IUl.J1l.J1 n"ll~ Ln 11'1~1 n m'~U':lUn1~t.JfI ~,~ 'l'Un1~'U1~1l1':l~Y111'1Y1~ 11'1 LilUn1~ b 

;jflm'~~~ 1fI"l.Jl.J"(;1~3"U ASTM C 109 ~~l;jflii'lL1j'Ur.J~IRI1CU.,r'U1n'l-ifihln~~~~~~li1'l~ 

FlflUn1[;1u~flntl~~fl1'U~~UijL Yi~~ LiI'U..;j1'U':l'U~11 n fI':l1l.J'U'U1LLU'U~1 n1~~ !1l;l.J~1 ~~ ii'l 'l ~ 
I v, " 

r11 tt~ 1U LLN€ (;IUflU n'hYi fl'n~ ~l1jU t.I ~ [;111 CU" flflun1j;\u~fl nu~~~ 1 uuYi uYi t.I ~ (;1'1.~uuij 
" 

L~nUt)tI L~U1JYl~f1 Y1~Y11YitJ (2540) nfi1'l~1fl1L 'U (;JLn 11l~1 ntl!jnffi1~~~~I~~1 ~uj~nflui~ LYlIfI 

1 UL ~fl~nul(;1mflflL;m.Jfl~fliJ ll.llfl 'll.ll.ll.l;Ll.JU~ nfl1mil'ULLflfll;ul.Jifl LYlfl~~iJL U(;1 (Calcium 
" " " 

Sulphoaluminate) ~~";11 ~ml.J1 (;1~~l~Lu~u'ULLtlfI~ L ~l.J;'UL~ nlAflU ",~Juri't)u~11ut) (1)fhri1~~ 

1ULLN ti' (;I~~ ~fl~";1 n1 ri (1) ~'l'UlJ1'tJfl~ Afll.ln1j;\u~fl ntlj~~1'U1.l~u 1'" LWU L~U fit) U t.J fI n 1 ~Y1 (;Iflfl~ 
" 

. " . 
1.1 

I odS;' ~o", .ct... ... 
1~fl1f1 LLfI~fl1L~fltI1flUfI~n1 ~~I1'I"I!l.JU11flUfI~ 1.45 ,~ t.J1'ULnCU'rll.J1 (;1~jIU'j]fl~ flflUm'1fI 

1J~flnl.l~~~I'Ul.l~'U (1.l~~n1P1n~~Yl~'l~t)IR~I'Um'1l.J ~UU~ 827 n 2531 til~l.l(1)l.J1[;1~~1'U 
'" ~ 

" r.J~IR1i CU...r~ [;I~I'U nj~l.Jflflun1(;1u~fl ntl~~fl1'U~nu ~fl~ 1~fl1r11~~f1JLLNti' (1) 40 Ll.J n~1.l1~fllf1 

LLfI~Ltlull.lj;\1l.Jl.lj~n1f'1n~~Y1~')~t)(;1~I~n~1l.J ~UU~ 2035 n 2543 ril~l.l(1)l.J1j;\1jjIU , ~ 

r.J~IR1iCU-n~(;1fll~n1roflflUn1(;1u~flnl.l~~fl1U~~'U~1'U1U~lu~Un ~fl~1~A1ril~~f1JlLNri~ 50 
. " . 

Ll.J n~1.l1 fl fl1f1) nlYi 4.8 Ufl (1)-1 t.J ~ (;1Jl CU.,r'!lfl~ flfl'Un1j;\u~fl nll~~fl1ul.lYiuYi ~ ~fI':lUn 11r.J~l.J 
" " 
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4.5 n1ru-n: ~1 Wfii1l ,r~1!l' 1Jn1'nh'!Jil~ L i!lu-n: LllYl'\l~1 n ~1 ~i,,~ jU;il nu-n:ft11J~;f 1J 

0 ... , - ... ~ _ "" , ...... 1 . IJ' ... I"'~ 
t\1~nJ ~tI~1t1,)"ItJU m~fllli'lrlfll1f111 ~1I"11tJ'!Itl~flltlUn~~nJ~fJnlJ~::t\1U'GYfUt ... tlll"l~1 "I:: 

n~,h l'r.t1tJ~t;f~1~fum~L~iltJ~1't\"llU~tl~u{j~m1 ~~LLt\'M1U~l1rl~~ 4 .10 LLt\'Mrlfll1f!tl 

~~')tJnL~nf~'!Itl~1'IJ1'l~U lum~~~lJ1f11tltln1IJ1u~tlnu~::t\1t1~~Ul~~fli1ri1i~ruLL1~filJlIJ11~ 
_ ... .. ... ".1 .IJ' ) .. 

~11J1~l1U~~IJ111n.!er1~1J1t\1~n11~flltlUn~IJ1U~tlnlJ1::t\1U'GYfU (~tln.827-2531 fIItl 40 L~n:: 
, ~ ~ 

U1t\fII1~ ;~ij~",~')u;~il ~tl filJ1rl~,)U'!ltl~L~tJU1::LJl"'~~1nfitl~,)~1')~~tltJ~:: 3 Lli'ltJ"Il1~~n 

LL~::~~~U~tI~tltJ~:: 10 L"'tJ~1~~n~U~L~U~ ~~::tJ::L,)~1ti~ 281'u filJ1~1~,)U~1fitl1't\"l 
~ 

U~::t\1U 0.5 LL~::1,filJ1~1~,)u ~tI~L~U~: "'~1tJ : ~tlLn~'" Lyhriu 1: 1.2 : 1.8 ~tJ"Il1~~n 
..J ... ... I - "11' J' ", - ......1 .1 

1J11rl~'" 4.12 LLt\"'~rlfll1')t\"lLYftllJ1::L~UfII1 ~"D"I1mUtl~lJ1t1 ~tln11~~lJ1f11'tlUn1IJ1U~tlnlJ~::t\1U~ 

J' ... 1;' ... .. ... 
YfUnJtl1~tln (Lli'ltlU ~U1f11~ Yf .I'I. 2551) 

fl1Tl~;I 4.1 0 rlfll1fitl~~,)tJm~nf~'!Itl~1'IJ1'l~U 

"'U'l!JTlfl1 

(U1Y1Piilm~n;~) 

2.344 

0 .173 

0 .133 

2 .00 

0.013 

lt1n1~~~lJ1f11tlun1IJ1u~tlnu1::t\1u~~u 1 ntlUu~::n'tlU~')tJ~U;lL~U~UtlfIJ1LL~U; 1 

~')U ~ULn~'" 1.8 ~,)tI"'rltJ 1.18 ~')u ~~~U~U 0.1 ~')u "!Itl~L~tJU1::LJl"'~~1n 0 .03 ~')tI LL~:: 
1;' ~ ......,J ,,1;' , , ......1 .IJ'... , 

U1 ~li'ItJ~tllJ1~1\'1,)U"!Itl~fII,)1~lJ1tl-3n1~U1 ~Un1~~~tlflltlUn~IJ1U~tlnlJ~::t\1t1",YfU lJI~LLMI~ ~u 

..J 
1J11rl~'" 4.11 
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.., 
n"l'i fl fl:tl ).rJ'''l'lJ '£l-11~ '" ~~fl • .. • 

fiLl.JUv1-tN~U\lU 0.5 

'!I~~L~tll.h:;U1Yl~~1nm':;vl1M 0.71 
... <I 

0.061 ~\un~j;\ 

l'irltl 0.064 

~ • ~ I 

U1~,rn'!l~~Ylntl L(;lm~~uiJu1'nrm.h:;l-J1ru 4.24 iitanfl-J~t)nt)u J;l1~1~Yi 4.12 L1.~v) -3 
'" .. . 

Fh L.jf~1 tiL Un11r.1 ~ f;lfl~un1flu~~ ntJ~:;~1lJtlnufuu1'\.nrm.J ~:;LllY1~~~a1 1 . ~ 

fl~un1flu~~ntJ1:;~1utJ~ufu~1~,rn~iJri'llJr.I~l-J'JJ~~r.I~~lJtJu LL~:;'1I'el~L~EJtJ~:;LJ1Y1~~1 n~Fi1 
~ ~ . .. 

Lyi1n'U 2.60 'U1Y11Un1~LI.YluYir.l~~UtJU1~U~:: 10 Lc;,lIU1~,rntJlJfiLl-JUv1LLa:;'!I'il~L~U1h::LJ1Yl 

YI~tJ 

.. 
o 

U1 

~ ~ 

R'£lUn~~\Ja'£ln~~ij 
~~U~~).I'!l'£l-1~~~utlu U~~ 

.cc a ~.q. 
R~Un~~U~'£lnn).l~~Ur.I~ ).I 

.. 
'!I '£l~ Li rn.J~LIln'il~1 n 

ml-J 1 ruYiH 

(iiL~nfl-J) 

0.94 

1.13 

1.70 

0.47 

2.20 

0.15 

0.29 

2.65 

'lJ'el-1~-1,"utlu;'eltl~:; 10 .. 
u.~~'lJ'£l~Litltl~LIlYl'il~1n 

ml-J1ru~L.jf 

(nt~nfl-J) 

0.85 

0.09 

0.03 

1.09 

1.69 

0.47 

(U1Yl) 

1.99 

0.18 

0.14 

0.29 

2.60 
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'I ... ... G 1.1 .IJ' ... ~... s- 1.1 ... ~ .J 
~'Un11~fij;lflfl'Un11Jl1.1fifln 1::~1'U~"'U11.1'U1~'Un 1 nfl'U 1::UlYl fl3"fi1 "I::"II'HJ 

1.1 
... ''IS- , 'I • ~t1~.J ... ..J_ 

1::~tJ"'fl1 ~'I!"I1tJ ~'Un11'U1'!fl~L~tJ 1::UlYl'tlfi1mu'U~'l'U~~lJ 0.05 1.11'Vl '~LlJflfl"'1'llJ11f11 

1yHhL'Un11~~IJlflfl'Un1(;l1.1~flntl1::~1'U~~'Utl1::UlYltil~fi1 1 nfl'U ~~LL~"'~11tJfi::Lt1tJ"'n11 
• 'I ' S- 'I ... ... G 1.1 . IJ'..., 
fl1'U'ltlh'U1l1 fI~U'ln~.4 "1.1'l1 11f11 j;l'U'YJ'U ~'Un11~filJlf"lfl'Um(;l1.1fifln 1::~1'U~"'UlJlJfifl1 

~~IJlJin.l.,r 3.90 1.11'Vl ~flnfl'U ij~1~un 4.24 n1finflJ~flnfl'U ~~11f11j;l1lJ11'U'!1tJ1'~"'rifl~~1~ • 

i'l1t1fl~~ 8 ~~ 14 1.11Yl ~1~f1.1'fllJfi'!fl~n1lJn11R11l1tJL'Ur11~'U"'11f11B~ 9.50 1.11'Vl Lnfl 

LmtJ1.1LVltJ1.111f11lJfifii1~~IJlJin.l.,r~~~IJl"1.1~111f11~~IJlJin.l.,rij11f11~nn~1 5.60 1.11Yl \nn 

IA'fl~n11r11"'''''!fl~L~tJtl1::Ul'Vl'tlfi1n L"'tJ~fie1~nfi1.1"1.1~1mlJ1n.1'!fl~ L~tJ 1 ~'U "'::L~Wih L''''1tJ 

~ ..J . .., .,..J 
~"'m'tlfitJ(;lfl(;l'U 2,666.67 1.11Yl LL~"'~"'~IJl111~'Vl 4.13 

R'f1~;1 4.13 fii1 H"1tJL'Un11r114' "''!Ifl~L~tJtl1::L1l'Vl'tlfi1n L"'tJ~fin11e1~nfi1.1'!Ifl~ L~tJ'Wti'Uj;ll1tJ 

n"U~ntttJ"'a-1Li!ltl~Lll'rl~tt'n (tJ;,+'rI LtJRLR'a'L1tt"n1lJ 4,n,,) 
nlJ1::tJ::'Vl1~ (LN~1'U-1.1m L1.1(;lL(;lflfL~fi"'nru) 63 nLfiUJIJl1 

tf1lJ1N'!fl~ L~m11~un LUtJ n (~'Uvifl L~fl'U) 12.5 

tI1lJ1N'!fl~ L~tJ~1~UnLL,x~ (~'Uvifl L~fl'U) 3.6 

11f11L~lJ1"1tJ ti(;ll1fii11.11n11 (WnlJ1l1~fifii1LYilJ) 1.11Yl .. 
1Cl1.1nYJn'!'Ua~t1!jQfiU1lJ1N 3 ~'U viflLVlm 8,000.00 

nlJl'h L-D''''1tJ (1.11'Vl~fl'!lfl~L~tJ 1 ~'U) 2666.67 

"I1n~fin11~Lfl11::i~~n~1'l~1lJ11m111t1t11::tJn(;l1-Dl'Un11~1'1!fl~L~tJ1t1L-D't11::LtJ'U

LLfi::~1lJ11Cl L~lJlJfi fii1~11~l1tJ1~1Ml n ~'ltJ .. 



.cl 
'U'VI'VI 5 

mi)4'u~ntnLLU'l'Vl1'llun1~in"lltl'lL~m.h:;LJ1Yl'ilft1mJ1H1.h:;tu"I!ULUn1~Ltlu~'lUtJ~~ 

L~tlc.J~ (;l f\tlun~(;lu~tl mh:;~1U~~U t!1lU lif CH~l.I~l.Ih~ n1.J~U; L~U~l.ltl f(;l LLftUc;\ll~:;LJ1Yl~ 1 

Ltll.l1'~f7nh:;~lU ~lnc.Jftm~'Vl!1lfttl'l~l~l~(1~~l~~'ld . . 

1. ~Vll1~'lUc.J ~~~ L ~~1:;~~ 1 Um~U1'!1tl'l L~m.h:;Ul'Vl'ilft1m.J11-n1l~:; tU"lI"LJL Un1~~~~ 

Fltll.ln~(;l1.J~tlmh:;~lu~~ufi'a ~~(;ln~'luc.J~~ ~U;UJUvl: 'Vll1U : ~u LYllnU 1 : 1.2 : 1.8 
'" 'I '" " 

t~ml1~,rn t~ulifc.J'I~UUULL'VluYiuu;L~U~~~tlUft:; 10 t~uin~,rnllu;L~u~ iVl~lfhl.lU1~tl 
" " " . a .. , _ ~ ._ 

'lIL~UVlLYl1nU 0.5 Yl~:;U:;L,)~l1.J~ 28 'lU 

2 . FltlUn~(;lU~tlmj~:;~lUU~U~i1n1~H'!Itl'lL~m.h:;Ul'Vl~ft1n~i(;ln~,)uc.J~~~tlUfl :; 3 
" " . cI I r ~ c;; .... 0 .... ~'" , 

'!Itl'l~'l ft ~')~ft:;L tlU!1l ~ 1 ~1 HI c.J1 U Ln 'Wn~l VI ~~ll.1'11tl'l f11tlUn ~(;l1.Jft tI n ~UU 1 ~Un'Vl VI 'a 'I n1~fl1 .. 

3. c.J~ n1~'Vl !1l'(q'aUn1~:;fl:;~lU'lJtl'l'lJtl'l L~m..h:;LJ1'Vl'ilfl1 nYi1.J~l '(qlJ~ n1~:;fl:;fl1U"lItl'l 

tft~:;~,rn'Vl n"l!U~ LLft :;~~Uil1 Un1~n ~ nitll.lYi1.J~l ~lULn ru.,r~l (;l ~~lU(;n~ll~:; n1 PI n r:; m'l 'I 
• d 

'" " 
4. R11 iftoi1U LU 'a'l ~u1 "LJ~lUfl'lU~~~"'1.J~ln l~tJ~ (;If'ltll.ln ~(;lU~tI nllr:;~ll.1,j~l.If1.J 

" 
~1~,rnn.l~~~fl1 1 ntlu ~"LJ1 6 L'lIU~L~~r LijtlU'VlU~"lItl'lL~Ull~:;U1'Vl~fl1n~~tlUft:; 3 LC;\U 

.. d 

" " . 
U1~,rn"lltl'l~'lftn~ Yi1.J~ln Fl1 LYll n1.J 2.60 1.J1Y1 ll.1"l1 ru:;fltlUn~VlU~tlnll~:;~lUu~uYi'Wi1n1~ 

" 
c.J~~'lJtl'lL~uUr:;LJ1'Vl'Uft1n LLfl:;cN~uul.l1l.1t1V1nfl,)uL~U'lnu YiU1111f111t1U~ 2 .65 1.J1'Vl LritlRc;\ " .. 

" "''' 
R11ifr.hu1 Un1~l ifU1 LLfl:; h~YiU~lnf\l"l1tl'lfl~1.J~tlnU~:;~luU~u;:jnf'n 3.90 U1'Vl ;:jU1~,rn ... .. 
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'U'Vl'Vl 6 

\.h:::t1n~fl \In'l~ri~~~-l 'l6\ ~~ 1'" Fit n1~~ fULLN'iY ~c.i1\1Lnru'rhJ1(;l~~1WJ~(;lJl ruan'tl (;'I~1~ m~l-J . ~ . 
fl~\ln1(;luft'tlmJ~:::~1\1U~U fl'il 40 Ll-Jn:::U1~fl1fl LLfl:::~1~fu~1U\nrn 50 Ll-Jn:::\.h~fl1fl .. 

fu LL1~'iY III hj1~l-J1 (;ln1U~~ (;'In ru-n fl'tlUn 1(;'1uft~ nU~ :::~1\1U~U LL~ f'i1~1~ fihJ ~1"luLn\llu 
d .. 

" " 'I " 
~,nr\l~1"lU1l-J1\.h:::qn(;l1;-\J1'J~UVlVlhn~fuU1~-JnU11'rJn~-l L-n\l Y11~LYf1f1\1L~U d:JU(Xu ~1~ 

'il1"lUfUUNdJ\I~~(;lnru't1~hJtX~~n11rhfuLLN'tY(;'I~~l-J1n-Jn L-n\l f'1~\ln1(;'1U~'tlnri'ilc.J,r~LLUU . .. 

2. -l1U";)~tl ~1 L \!Un1 ~ 1 u~::: ~U~'tl~ \.l5U~ n1~; -li1if~~1 n L1ILLfl:::i1 f'1')1l-J LL(;'I n vh~ nu n1 ~ 

~~ (;'11 \I h~~1U'tlj;J~1~ nnl-J ~~~uc.J ~ (;'IJl ru-n FI'J ~i1 n1~~ (ij.J\l1 L ~'tlL~~l-J ttl~ n11c.J~ (;'11 U~1:::~U . .. 

m:::U'l\ln1n.J~ j;J f'1~Un1f;lUft~ n"l1~~U 1;-Lfi~~~'tY ~lLLuu1t:1 L1I~'U~ n € IIlLU\ln'UU'il'il n l-J 1 Vi 11'" 

FI'il\ln1(;'1~1l-J1~Cl'iY(;l1~LLll\l tL1ltl hH 1 LtlUtX'tl~ 1;-~11uml-J1rul-J1n ~~i1if~~f;i'il "li'ltlfl cnml-J1ru 
" , ." , " 
u1Vll-nLi'l\l~'J\I~~l-J YhH1~rhn1~~fuLLN'iYcnVl~~;un11VlYi101~Y1L11fl~~1~ ~,,-Ju~"fI'l ~i1 n1~ .. 

3. ~\I~~,j1~L1I~'l\lfu~1mrn LtI\lU"l~tl~1~cy~i1e.Jflt;i'Uf'i1ri1a-lfuLLN'iYcn"il'il"fl'ilUn1f;l 

~\.li1~~ nMru:::~ LLf;l n~h~nuYi11 '" fI'l1l-J ~1l-J1 ~C11 \l01),Ylufu~1~un hh vh nu U'"l'"lDUfl'ilUn 1f;l .. . 
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~-l~~n~:;",u"llt)-lttli1-l~1-l1 ~ii~~~t)fi1ri1~~fuUN6~LL~:;tI'hnrun11lLYll.I~"lIt)-l L~mh:;U1Y1 

~~1n~t,U~') 

... u" UJ .J., !:"I "... ., • .1' .,j 5. Fl')nm11"'Ci\~t)'1 11Jl ~Ul.l'll.l1Ci\"lIt)~lJ,)~'1,)lJ'" L"lI LVllJ'll.l1Ci\ LVlCY"llU lUtl~"l1n'~:: 

" .. 
~1lJ11()furi1 tr-l6 Ci\ 1~n~1 L1~li-lil"l:;~t)~~"l1'1ru15~ Fl,)1lJ~1).J1~t1 t Un11l Y1d,)u~~lJ l'1 ~ L11J1J 

• .,.1' _I ..... U .I'.t" 
VI~t)L1~:;Fl,)1).J~:;Ci\,) n LUn11"l1l.1t. uFlt)Un'1IJ11J~t)n 1:;~1U\l ~UCi\'ltl 



" 
n1 ~~m.;1~~ m~Y11J~1 n~tl.I"'1Jij't1,nj1vit1~:;U:;L 'l~1 n11fit'l ~?'t'l~; LlJ~~. mruru1 

UYi~ft. 111R1'11f'1'ln~~lJLmn Rtl.I:;1f11'ln1~lJfI\1~~f lJ"'11Y1t.J1iUlJ~"'~ . 

''l~~ U~U:;. 2524. n1~~~(;lU~:;n1~t-nRt'lyn1~1J~t1n~1",f1J~11~~U~ . Lr1Nn1~t'l1J1Wfl 1~ 

1'111n11111Rq~1t'l~ 2524. nt~LYI.,.u.m1uR~ : Rru:;~tl1U~UmrnPl1~t;1f ,li1~~n1tU 

lJ"'11Y1miu . 
" . 

;'II'l1~tJ LM~~1J~1 . 2539. r1t'lyn1t;1LYlRLUL~it YilJlfRf~fi4.nl~LYlYilJ"'1~R1 : Rt'l~n1 Vl 
.. ... 

~~lJL~~'LLYifil . 

nr~Yi~ Ln~L"'~n. fi11Yi~i Yi1nLYiU~ LL~:; ~1:;~n~ lJ:;'II1lJ,Jt1lJ. 2544. n'l1~n~1J~t'ln~~~ 
... .1" ".~ ......... " 'I" ~'i'''' 

Rt'l~m~~\'U.JL\'iYJUlJ~Yin'l . u1ruru1UYiUfi 111R'l"ll1nt'l~11~LL~:;~1~ LlJ (LYlR L~L~U 

LUfi1) Rru:;~flln11lJ Pl1~ t;1f ~ tl1U~LYlR t~L~UYi1:;~t'llJLnt\'1Yi1:;~R1LVlilt'l . 

~nn~Yl1 ~'l~~'lnfl. nrlfi~1'11u'l1U'II~~ LL~:;~~n" ~1:;Lnm~. 2549. ~Y1fiYi~"tN~~~~~U~ 

il~~vit1n111"'~LL~'t'l~)Jt'lf(;11 n1~R1UR'l1lJ1t1U L4~:;n11~(ij.J~1 ihi~t1", . mruru1 

UYlUft. 111R~'II11f11'lm1)JLUfi1 Rru:;~fII'lm~)Jf'l1~Vlf )J"'11Y1U1iu)J~"'~ . 
" . 

th:;ruVl n~lh:;~~1. 2541. LYlRUR~1~tlu-Rt'lUn1[;l . YilJlfRf~fi 5 . nNLYlYilJVl1~R1 : ~hun~)Jlf 
~ " 'Ci ... 

" " . 
Q ~- ... ~ .... - -

t'l)J1UYlm~~[;l~ LL t'l~"'Yi1J~'II'II~ . 

~~ ~ LLYiYltJ'tLRn:;,J. 2546. n11u 1;~ n1-t'l:;~ijU1~t -nLLt\''l LL~:;R'lt'lfLUlt'lfL Y1t'l ft wI R1t1~ ~~ fl 

'111Ut1t'lU~~1~n11",,,,i1JM)J1X'll~ LL1J~R tl )J1Htl1:;Lu'nrL~t'ln11tJ~t;1Rt'l~n1J;11J~t1 n 
OJ 

~. 1Y1 U1 UYi~ fim '11 '11 1)J"'1U ru.;i Vl.111 R1"1111 f'I'l n 11lJ ~ ~ LL'l '" ~ t'l)J R ru :; 

1f11'ln11)JfII1~Vlf ~li1~~n1ru)J"'11YlU1iu . • . " 
YI'IIm~~;~M LL~:; LL~'l~~~ mJ;1Lt;1tl1:;n1~ . 2540. n1ru1n1nVl~nt'l~'t'l~~U1Y11U1~)J1Lilu • 

..I , 0..." tl .I.1.~ ... .. ... ... 
l'l'l~~~lJJUn1)'Y11t'll1J~t'ln 1:;~1Y~YlY. u1ruqj1UYf~fi. 111R'l'll1Lr1)J~J;1~1"'n11)J 

Rru:;1f11'ln1rnfll1~V1f ~mU~LYlRtuL~UYl1:;"t'llJLnt\'1Yfr.;~R1LVlilt'l . 
" , 

~I1Yf ~UYl1t'\,rU . 2530. t)~",1P1'lnn)Jrit'l~h~ . ~lJlfRf~fi 1. nNLYlYilJVl1~R1 : Lf'1N n11 .. .. ... 

~U1J~'t~LYlf'1Uf'1~J;1~1V1n11)J ~)J1fil)J~~ L~1lJ LYlR LUL~U (1Y1tH~~~) . 

11~~fl Y1~Y1fYfu. 2540. n11Y11 L~i1U1L~"':;"'un tYLfI\~~~'lU1fiYh t\x dJ~nt)~~'lutl~=i LlJ~~. 
~ OJ 

1Y1m\lYlufim'1l'1l1lJVl1U tl.I.;it;1 . 111 R~'1I11 PI'l n1~)J~~ LL'l ",t\'t)lJ R tl.I:;1 PI'l n11)J P\ 1~ Vlf 

~li1~~n1ru)J"'11Y1U1iu . • 
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fn~~~ "lI"lI1~. 2538. n11,j1~~ilu1n1nt;1:-:n'tlkl~1L11"l1t;11~Un11fht"'d:lkln'tlkl.~'YltJ1~~klfi 
'" 
UhUqJ1lJ\.nUru.;i~. 111f\~'111~fII')n11lJ~~LL,)VI~'tllJ filru:-:~fiI')m1lJPl1~Vlf ,li1~~mru 

lJVl1~l'ltJ1iu . 
, , ... 

LLVI~~'YllJ 1 : 

... 
http://www.indexpr.moc.go.thlPRICE_PRESENT/tablecsUegion.html[24 lJkl1fillJ 

2551] 

')11 ~ VI:-:lJ1l.1. 2546. n11Y1n1n'tl~ L~tJ411 n n11Lfil~tlUa1(1tJ\I~lJ1li\tll.I~,)l.I~~lJ L~lJ t \ln11 

,j1 f\tll.ln1~uitln. ~YlU1u~\l1hlhU qJ1lJVl1Uru.;i ~ . 111f\~"lI1~ PI') n11lJ~~ LL,) VI~tllJ 

fil ru:-:~ PI') n11l.Jfil1~ j;jf ""1fl-3 mrulJVl1~'Yl tJ1itJ . • 
" , 

~~VI "ll'tl~h1m. 2544. fltlYO'ij;jLYlflXYXfltL ~lJlffilf-3Yi 9. nt-3LYl~lJVl1l.1fl1 : LN~l.Jlf~lJ~\lfi 
... r 

~1ru"lltJ. 

.. , 
~ tr_ ,..... Ao"CIiI. 

,)YltJ1f'11~Vl1. YtlJYtf'lNYI 39. nt-3L'Yl~lJVl1\1fil1 : n1lJ,)YltJ1f'11~Vl1um11. 

~ LlJfi LVI'II:-:nfl~LNl!. 2546. n1nl1Lt11fltltJ"lI1\1t1tltJ~1~411 n LN-31l.1~1 ~1fllJ1 L -in l.Im:-:u')l.In11 • • 

Vlq~6ft~,rl.li. 2546. n1rn1;flO1-tl~ij\l1~HLL~')1tJli'th:-:LU'lll!L~tl011~flVlfiltll.ln1V1u~tln. 

~YltJ1ilYt'\.l1hEt\! qJ1lJVl1U rueji VI . 11 '1 fil1 "lI '11 f'I') n11lJ~~ LL ') VI~tllJ f'l ru!':~ Pi'l n11lJ f111~ VI f 

4l'ri1fl-3n1rulJVl1~YltJ1iu . • 

tl~Vl1 ~1f11l 2548. n11V1~tlLL;-3LLfl!':t1fuL~i1tJ1~'11L~-3t1DmU1~HLL~,)~'1nm!':u'll.ln1mi\l 

~ 1 ~ l.I-Lt11 d 1Y~l.I~ ') U~Y; LlJ Y LJl. ~ 'Yl tJ '1 il ~\I ihRqJ tl.J 1'lJ Vl1 U ru.;j VI . VI in ~ Vl1 

~VI~1'111~"lI1n114''''01~-3LL,)VI~tllJ rlru!':uru.;j(;I~'YltJ1iu 4l'ri1fl~n1rulJVI'1~'YltJ1itJ . • .. .. 
L'Ylfil~filn11~Lrll1!':,.hJ'1 tJ1L~U LLfl!':"1ltJ!,:lJfl~tltJ. L'tln~'11 .. 

__.., .. tr 

lJVl1 'lYltJ1 ~u ~~'IIfl1l.1fl1'UYl1. 

~t;1~1V1m1lJ. n1!':'Yl1,)-3. 2531. t11:-:n1f11m:-:'Yl1,)-3~1Jl~1V1m1lJ.~UU~ 827. ri1V1\1V1lJ'1t;11~1k1 

~fl~1Jiru,,]~~~1V1n1ffifltll.ln1V1U~tlntl1:::~'1l.1~~l.I. 

TJVI~'1V1011lJ. n1!':Yl1'l~ . 2531. lh':::n1f11n1!':'Yl1,)-3TJVI~1V1n11lJ .~UU~ 1. ri1V1\1V1~fin11 LriU 

,j1fl1U qYli'ri14'Cil l!-3~-3 Lfl~tlkltJ1tJLL~:-:mn\lfi~~-3t1~Qfl Vl1tl1'~~~'WH LL~,) . 
'tlVl~1V1011lJ. n1:::Yl1'l~. 2543. t11:::mflln1:::'Yl1,)-3'tlVl~1V1n1UJ . ~UU~ 2035. ri1V1l.1V1lJ '1V1 1~1 l.1 

C! q ,d .. 
~flj;1Jiru,,]~~~1V1nnlJfltl\ln1V1U~tlntl1:::~1\1~~\I~1V1fu~1l.1V1,rn . 
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~~~1l-1m'nJ. n~::'Vl~(N. 2548. lh'::n1"'m'::'VlrNtJVI~1l-1mnJ. ~UU~ 1. m~rh4'",~~u~Q~l-1ffi 
.r~",~'W1-ifLL~'l . • 
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.- .... 
'El1~'El~~1).1).11~1"~1'U ASTM C 109-86 ... 
~ 
'U'Ur;t~'Un11"Ylfl~~~ 

'VI;EJ U U lJUJui 'i1H?'i1 Ei1.J 

1. YI1~'UrUU1-l1 ~ij'l~'1'U1'W"JJ~~LLUU\-1~~nU~1u 

3. L;(;l~1,ruri'lULnU~~n~1nLLUU\-1~~ 

4. H~1ru1l11tltJ~tl~:;",t)1~ LLUU\-1~~nU~1'W~ ~1UU~n 
.a 

n1j'ufifJn't1uH?B81.J 

1. \-1~tlntluvl'ltlth~t(;ltJ1ii'"JJ'W1(;1lLUU\-1~~ 5 x 5 x 5 flnU1P1n ... 

1~m).l1ru 3 vl'ltlth~ 1'WLL~fl:::m1c.J~l-J 

2. n11tJ~l-llmn1~c.J~l-Jt(;1mf'l~~-lc.J~l-J L(;1Uc.J~l-Jri'lUtJ~l-l~~\-1l-l(;1 Lih 
" '" In'ltJnU 

3. Lmri'lutJfll-lfl~l'WLLUU\-1~~ Il1U1'WL'lfl1hhnu 2 'W1~ 30 ~'W1~ 
" 0-

\-1ft~n11C-Jfl).lLL~'l n'11\-1~~~:;lL1j~~-andju 2 iu tInU-n'WLL1nWW1 

lh:::l-l1ru 1 U'l LL~'llii' LLYi~n~:::Yl~ m:;Yl~iUfl:; 16 f'1f~tlnu 8 f) f~ . . 

ri'lULnUtltln tuft m~tru:;f)~1U L~-aU 

4. \-1ft~~1n\-1ritlL~~ t ,xU1 c;l'l-aci1-lYi~~l-J LL UU\-1ri~Lnul t)1 U~~'WYl'W~ 

lla:;Cltl(;lLLuUtUl'lfl1 24 .r'lLl-J~ Ul-Jc;l'l~th~(;jtl~Uf'I~U1:::U ::: L'lfl1~ 

ii'lMU(;l U1vl'l~th~ hlYlI'l~tlU n1~ ~ fULLNtl In LlntJ 1-n LPI~tl~Yl In~~U 

n1tt~fuLLN€(;l 



• 0 ""'..., ..... 

nl~~IAlnl~-!I~UU~-!I'fI~ 

1~n~:;";11 \.I"Ii')~ L,)fl1flfl'WlLf'l~~\.I~U~~ftJ ~c;l~1;r1n~~ n .1 

~n~-!I~ n .1 ,b~L,)fl1fl~1~Lfl~~\.I~UtUJftJ1~ 
"'" "Ii')~ l ,)~1 fl~1 ~ lFl~~\.IYiu~lJfu 1~ L,)~11'11'1~~~U 

1 .J\.I ± ~i')tlJ~ 

3 .J\.I ± 1 i,)llJ~ 

7 .J\.I ± 3 i')tlJ~ 

28.J\.I ± 12 i')hl~ 

78 

U1n~\.I~')mh~~"I:;1'I ~~~tJ .J tn~\.I~~U1~tn~~:;1 "'LLN n ~ t~u1-n ~1U~~lJrrt'l 

ntJLLtJ1mri~ l;tnih~U1~~ 2 ~1\.11~~:;m~llrlPl"1nu1tnY1rlu tj,)~UI'JJ'tl~Lfli~~~'tl~~ 2 ~1\.1~ 
~~ rrt'l ntJn~u~')~th~~ :;~'tl~ L1utJ 1 \.In'1~ 1 ~ n ~ntJu Yl-3 ~')~th~ ~:;~~~'tlu1 \.ILL\.I') P\\.I£l n~I-3'D~~ 

'" '" 

n1~F\IU'HU 

uuVi n rh LLN n cnt'l~t'l ~'"l1 n Lf'li'tl~ n ~ Ufl:;~1U,) ru 1 \.I~,<h U'JJ'tl~ nL~ nf~ ~'tlV11n-3 '" . 
L'l!U~L~V15' ttnU1~ri1\.1')rufl,)llJfI:;L:aU~()~ 0.1 ntflnf~ ~~fWln~L"l!\.I~L~j;]5' ~1'tlnt~1l 1t'lf'lIf1 

t~uriIU,) ruFl,)Il.J~:;L ~ U ~ ()~ 10 ntm.ht'l FlIf1 

n~\.I~,)'ilUI~~'Wt'l~U5'ru1 Unl5'Y1~t'l~tJLL~fI:;flf-3 ~1 ni1 ~~ n15''Vl cn~'tltJ"IJ~~ n~u 
'" 

~,)~UI-31~~iJriILiim LU\lLn\ln~1 1 0 Ltl'tlfL;\I~'!J'tl~riILll~U fl,)~~~ ~~ n15''VlVl'MluJ\I~'tlmLfI :; 
uln~ulmJ~I.J~LlY1\.1 
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" -'il"~'il~~"lnn ~'i~"U ASTM C 128 .... 

lJ 
fjJ lUl'8U nl'iYl fl~'il~ 

1. i~~llnrnYl ntl ~')tlrh~~tlu1uflJ11Yi~~ ~') c:l'lll ~,nJ~:;'Yl cu .. .. 
500 + 10 nf~ uulinfhUllnrnYinti S 

2. lYlYlnm~~LlJ"D,)"'Y1",atl-1~l1<jj~ri (Volumetric Flask) l1f~I~'" .. .. 
• " j,I, 

i\'1~Y1 ntlYlJ111u:;a-11111 ~~~ "'''11 nuu l~~Ull ~ ~ O~ ~:;~1J 

l.Jr:;~ICU 90% "IIil~m~l[;ln'l"'Yl",ail~ 

3. 1~~il~illnlP1J11t11u1~~~", t"'t1mp\t1mffi~UPl~lll~:;L"IIUI • 
'" , "I 

4. l1fUI~'" i\' 1~ Yl ntlli Plll'll'l ",~hullJll~'ll~~UI"1UO~ ~:;~uYiYh 

lPl~~~~It1H UI1tli-1~I~Unuulimi1ufil C 

5. LYlYlntl'rlil n"ll n'll'l!?l hlJ111U~UI Lifl ~'rl1J tl1JL ~ ~ LL ,x~'"Iu .. 

6. UIY1ntl~li~~I~l!n"l~l~fil A 

7. L~~~11~"D,) "'Lll~I"lUn~~~~1J~yh LPliil~~~It1Hi~~I~Un"l~ 
l~fil B 

S = 500 nf~ 

C = 960 nf~ 

A = 490 nf~ 

B = 657 nf~ 

• 0 "-

1. PI'lI~()/N~ILYiI:;flJ11Yill~~ (Bulk Specific Gravity) 

A 490 
= --- = 

B+S-C 657 + 500 - 960 
= 2.49 
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· 2. fl,)1l-Jci,)~~1l"fi1::::al-J~')n,)ll,x~ (Bulk Specific Gravity) 

S 500 
=--- = = 2.54 

B+S-C 657 + 500 - 960 

3. fl,)1l-Jci,)~~1l"fi1:::U11n!l (Apparent Specific Gravity) 

A 490 
= = = 2.62 

B+A - C 657 + 490 - 960 

~ ~ 

o ~ 0 ~ ~ 

\.n~lJnYl11U SSD - l..I1~l..InYlnU~Ulm~ 
= ------~~------------------ X100 .... " 

l..I1~l..InYlnU~U Lm~ 

(S - A) 500 - 490 
= - - x 100 = X100 = 2.04 

A 490 
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., ... 
'il1~'iI~j;lI).J).JIj;l~~IU ASTM C127 .... 

l:.. 
'lIU~'ilU nl~'YIlPla 'iI~ 

1 . UllJrH'15'tnJmJ1lJ~ ~nlJlJlt11::lJl rulYh~ ~'t)~ n'15' LI'IU~fin11~l1i~~ 

( Method of Quartering) ffiU~'t)I~'lU~.hUj;J::llnN~lJ't)f 4 ~~hJ 
2 . ~l~lJ'l~U''llJ~UllJ~'lU~1 ~ ~'t),{ ~ ~Ull~ ::~~ ~ ntlm~~ Ci\j;JllJ~ 'l , 

.-
"'tl~lJ'l~r'llJ~U1lJ,rU 

110 ± 5 't)~PlI~'~~;U~ l~t\''l~-31l\'lUUlh::lJlru 1-3 i')hJ~ 
4 . r.nmrUUllJ'l~nlJ~U1lJhJ~L'liH'tu~ILl'JU~,)~l 24 i')hJ~ 
5 . UI~'t)1lJ,)~5',)lJ~U1lJ~~~~::n't)UlJ1~iil'l [l ~')U ~11lX~1~~n1::mlJ~ ,) 

" 

, , 
~ ... ....::.1 41::10 " 

~fl1')::'t)lJ Ci\,)Yl CJ,) LL~-3 

6 . i~ ~1~,rn"'tl~ lJ,)~ 5''llJ~ll1U 'tU~fll,) ::~lJ!?I'l ~h ~L lX-3 

7. i~~I~,rn"'tl-:)lJ'lf'1nlJ~U1UluVl::n~I~,)I'IL~~n~L~')i-:)~I~,rnlu 

~1~'t)ru~flihh:::lJlru 23 tl-3P\IL"l!~l;U~ , " 

5'a -:) PI 1 ~"l! ~ L; U ~ "'I U 't ~ ~ 1 ~,r n fl -:) ~ LL ~ ') ~ -:) l'a 11 ~llX l U U ~ 

't)ru~fli1lX't)-3t15'::l-J1ru 1-3 i',)LlJ-:) "'I1mrU~~UlhJi-:) , " 

B = 336.7 nflJ 

C = (~1~,rnj;J::n~llL~::~u~i-31U~I) - (~I~,rnl1l::nhlUfhi~lU~I) 
= 387.6-173.0 nflJ 

= 214.6 nflJ 

A = 335.8 nflJ 
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1. f1,)1l.J(h_3~1LY'l1::~J)1Y'1Ll~_3 (Bulk Specific Gravity) 
0-
o _ -. '" 

U1lnml-.. W'tlULm_3 
= 

A 335.8 
= = = 2.75 

B-C 336.7 - 214.6 

. 
2. f1'l1l.Jri'l_3~1LYt1::~l.J~'l~'lLl~_3 (Bulk Specific Gravity) 

~1lnrn~u SSD .a-_31u't)1n1P1 
=----------------------------------

B 336.7 
= = = 2.76 

B - C 336.7 - 214.6 

= 

A 335.8 
= = = 2.77 

A - C 335.8 - 214.6 

~1l_1un~1Yl'tlulu Void 'IJ'fl_3~U 
= ,," X 100 

o _ -. '" 

U1l_1Unl_lutlU Lm~ 

~1l_1un~ussDi_31u'Cnn'W'\ - ~1l_1Un~~ULL~_3 
= " X 100 o _ -. '" 

U 1l_1UmtUClU LL '\-1_3 

B - A 336.7 - 335.8 
= --x 100 = X 100 = 0.27 

A 335.8 
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... 
1. l;t)f\liIlh~l-J1CU 1 iit~nfl-J llJ()'H"'IlU1~Ylm~l-J1~ ~YlU11~Yi,)l-J , 

t)f\~~snlitlu ~~1.n11~1iI;l-J~tlu~,)~1 24 ± 4 i')tl-J~ 
2. ~n~uA')tlth~t)f\ IiIll1Y1'') ()1~~~1t) n~1-3 ~~~~ ~i1fll-J~~~~fl~ n'lU , 

~')tlth~ ~tlu1~u~1 ~~tlll1 Ul1-3~,) nU~lJn1~Y1'-3t)f\ ~d).Jl ~fll~tlth-3 

~~U~ (Free flow) 

3. ~Yl~'ltlEh~ 1~uuu~fltln1,)ul-J1(;l1~1U 'Il'U1~~i\'U~.h~uu n~1-3UU 

40+ 3 ijfl~~{;l1 Li\'u,.hflluun~1-3ci1-3 90 + 3 ijfl~Ll-J j;\ 1 LLfl~f\-3 
- " - '" . 

... .. " "" .d~ '" 75 ± 3 ).JflflL).!{;l1 u~')m~-3LU11Yle.J,)~U1 

4. ~-3 U1J1.J\~fltltltln luu u') ~-3 (ht)~ ~iJ-3 fl-3 !tJm'lutl~ Uf\ 1i1 -3 ~ 1 iJ~ ij 

fl'l1).J~Utl~~~b u11tJHn~1~u~-3~ n flf-3 LLfl ~n'luLilu1~U :;1 
o ~::'..J • ~ , .., I 

5. Yl1"1111U{;ltlUYl 3 Ufl~ 4 ~un,)1Ll-JtltJnL~UU~fltln1'lUtltl n{;l'ltlU1-3 

t)~~u1J~')~ffi~).J (tltl~1t)~~ 1 U'tI (U~~tlcilu~1l1,)~~l-J A,)~'lU ~-.3) 
~ , '" 

, '" I. _..... ... -; - - -.... .... 
6. "II~U1~Un1tl~'lf\IiIYlf\1l1'l:;tll-J"',)e.J,)Lm -.3 U~~tlULL~~ , 

n1~fnlJ'ltu 

.. 
" .. 0 

1tlU~:;m1"'''''I!l-JU1 = [(B-A) / A] x 100 
" 

" I I • 
• .... ....d .-. ... q.a. " 

B = U1~Unlltl-.3'lf\~Ylf\[l1')~tll-JIn'lYle.J'lL~\N (Saturated surface dry 

weight) 
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1. lit)~!1l1.h~~J1ru 5 nt~nflJ al~l~~~m!1l~,)rJ~'L~'tllil4'!1lLPlMeh.!~ • • 
~!1l~llJ~')t)~!1l "IlmrUtlUl~U~~~tlru~I1i111 0+5 tl~PlIL"l!~L;rJ~ .. .. . " -

LLa')vi11~LijU~~ru~I1i1~tl~LiluL,)f11tl~~lJ1ru 1-3 i')tlJ~ ~~~"Iln . .. 
~ ~ ~ I 

l!UUlt)~!1l"''l~lJ!1lLL'IIluUILiluL,)f11 24 + 4 i')t~N . -

I '" • I I .... 0.... .... c:I .Q,.., <ICIoo s.- "" d _ 

3. "l!'lUl~Un"1l'tl~')~!1l'Vl ~Jl1,)~~lJ~,) tJ') lL ~~ LLfl ~~ULL ~~'Vl'tl ru~JllJ . . .. 
q 

110 ± 5 'tl'lPlIL"l!~L'iJ~ 

4 . ~'U,)U~' Ltl'tlfL 'U~n1~!1l!1l;lJ~'"11tl~t)~!1l .. . 

" " ... 0 

ffiiJfl~n1:i'!1l!1l'lJUI = [(B-A) / A] x 100 .. 

" 
A = UI~,rn"1l~~t)~"JtlULL~~ (Oven dry weight) 

'" I I I 0.., _ c:I CIIo .... .QCIto!.l 

B = U1~Un"1l'tl'l')~"J'Vl~JlI')~tllJ!1l,)'VltJ,)lm~ (Saturated surface dry 

weight) 
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l:. 
'!IlJ lWellJn1'ifl~ail~ 

1. ,j1'l1tJ~L~m.h~L1lYl'U~1m..J1rinLnu~')~1 rilJth::~1ru 1 ~mnpjn 

~~~ ,j1hjYl(;\tIltJUfI,)1~W\J1U,jU LLt\',)Fl~nLFlt\'1riu1~~1n~tIl(;)~~ . . 
nJ~ n.1 
" 

2. uti,:mtJ~"lItJ~L~m . .h~L1lYl'U~1ntJtJnLUU 4 f\')U LcnUL~tJn~,)'tlth~ 

~1u~Nriuih~~1~,)~ ritmt\',) Fl~n 1~ L;1 riUtln L ~'tl1~'tl'l f'fth::ntlu . 
. """, . 

3. f\,)U~1L~~'tlutJnhHi~ r,;nnuuyhLffiu1 (;l1~~fiYi 2 "UL~ft'tl ~,)tlth~ 

50 ~~~ '''In,.rt!,j1'l1'tl~L~mh::L1lYl'U~1n~1U')uehJYhn1nLun 
tJ'If'1th::n'tlu LL~~~LfI~1::lfftn'Mru::~U1 ~'tlhj 



ll'I'H-lU'ln n.7 1fin''i~hflrl~~m).llcuL'a~~~un1u'll'tl·uimJ~LTI'Vl'il·tnn i'UJ1flnTi 

ti'tltJ~'ltJn'i~ lu~11m,j).liu il~i~~').I).Il~'i~'U U.S.EPA.3050 .... 

... 
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dlun. ~1 Lfln:;lf~11rh.11 ru t~~:;~um;~~l.I en (i'J ~~ nfl.l ~tl:a(;lr) l'U'Dtl ~ L~ rJ 

lh:;UTY1'U~ln tenticitltl'DtJ~ L~mh:;uWl'U~ln l'Um'en 'l 'U1'11ntJcil--1~UllN "'~~ . 
1. ill ~'ltJcil~'iltl~ L~m.h:;lllY1'U~ln 1 nfl.l 1~~~1 uumntlf'D'U1/n 125 

i'J~~~I'1~ 

2 . L~l.Imen 'lul'1in~~).I~lni'U (~j;\~l~'lU 1: 1) ml.ll ru 1 0 i'J~~~V1~Llt\''lU1Un 
... 

Lntlfl.ll~~1J'UlI'11 tJru~lli'J 95 tl--1f111L'II~l;tI~ l.h':;l.J1ru 10 'U1Yi . ... 

... . 
4 . ~tJ'"IU~'ltJcil~LU'U llt\''lf.l~l~l.IUlntr'U 2 i'J~~~I'1~ LL~:;l~).I ~tltJ~ :;30 

It'!tcnn'"luLutlftltlnl'1l~ 3 i'J~~~I'1~ 

5. U1U nLntlf).ll~~1J'UlI'11 ~tl n~:;i~~tJ--1tJl nl p\~ Lii In'"llnullm-tJ l LUtJ i' 

tJtlnl"J1c;l~ltJlu ll~'ll"1tltJ1 L~l.I~tJtJ~:;30 It'!t/n~l'"lULutlftltJnl'l1c-1 Yi~ :; 1 

i'J~~~I'1~ '"I'Um:;i--1hJihltl~tJ1n1p\ 

6 . ~~Umntlf1J'ULI'11(;jtJlur.mn~:;i~m~tJml.lllnm~cnlh:;l.Ilru 2 n~~~I'1~ 
.. . 

7. ulumntJf~~~1mI'11LLft'lL~).IUlmt'UU~:;l.Ilru 10 n~~~I'1~ LLft'll'DthllXL'ih 

rl'U ~tJ'"I'U~'ltlth~LU'U 

8. Ul~1~1c;)).I1mtJ~c;)'ltJn~:;C;I11im'tl~ L1JtJf 42 Ul~1~1c;)).I1L~l.J~lni'U'"lu1Ji 

ml.llln~ 100 n~~~I'1~ LLt\''lUlh.nlfln:;lf~lml.llrut~~:;~,rn C;)'ltJLf"1itJ-1 

1lfl ~1 :;lft~ ~:;~,r n m).ll ruUtJ tJ 1 'U ~ -1ll 'l In ~ tJ l.IlL 1J1J~'U'" n YiYl ~Yl LU ~ 

Y'I~l~l.Il (ICP-ES) 
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d'hm11~1~'tl~~rI1Un1HJt.lun1e;) ~1~f'\J~~t1nQ~~1'tlr)~~~hl1ifLL~')~i1 
trm!ru:;Lijt!'lI~~u-i~~1l-111(11Je;) lJ1 [;11 l-Itl1::m f'ln1::Yl1'l~~~~1~n11l-1 li'tl~ n11n1{ en~~ , 

t1nQ~~ffir)~Cil~hi1if Yi. f'I .2548 Yl en~'tl'\J~~t1nQ~~ffir)~Cil hi1-nLLft'l Le;)£J~1l-11~ n enJl'J£J 

1fiWaste Extraction Test (WET) Lenun11 U1~11~:::~1u~1~t1Ylen~'tl1J~1"llucnu~:: 

tIh.J1 ru L~~:::~,r ni~ ~l-I en~"ll::~ ::~1 U'tl'tl n l-I 1 ~1'l"l r) en ~'lU Llii'i-'tl~ 1 Lfl11 :::~1 ~~ ::;~,rn 

u11nruu~£J It!~~u'lenft'tll-lu1J1J~t!~nViyM'~ LU~Yi~1~)..J1 (ICP-ES) ii-B-uVI'tlUn11Yl cn~'tl~ 

, 

1 ~" ~ ... .... "" ~ ......... 
2. ~ L'II~11~:::~1£JL"lILcn£Jl-I"lIL[;11Yl (Sodium citrate) FI'l1l-1l'lll-l'llU 0.2 Ll-.I~11 Yl Yi 

L~'IILYhn'\J 5.0 ± 0.1 

3 . U1~'l'tl£h~~,rn 50 nfl-l'll~~~'l'tlt.h~1~~~1W11'11t!:::~~1"11nun'l~1'tlYi~1~~n 

t1r:::LIlYl LYiih~Ylfi~u 111"llu::~1 if1un11~ ncnl'1'l1e.hun11ft1~'tlth-l [;]'tl Lti'tl~ ~'l£J me;) 

1uvi'1n ~~LVl1-£ml~"I1nn11~1L'a1~11~:::~1£Jn1cnlt!Vl1)..J1tJ~l-In1J~1n~ulu~[;1n~'Ju 1 

j;jtl 1 LcnmB-l-I1V11 

4 . L~lJ 500 ij~~~CJ11'l1'tl~~1~nen~-l1t!~'l~£h-l "I1nJt!ii.1'l1'tl~tJ~l-IhJ1fi'tl1n1f'1 
~'l£Jn1'111t!LVl1L"It! dJUL'J~1 15 U1l1 L~'tll~'tltln:nL"Iult!~1~nen~'tlnhl LL~::;i1tl-lnuhi1,x 

tl~n:nL"Iul\Jtl1 n'1 f'I~::~1£J ~~ hn u~'l~£h~ L~~L~~"I LL~'ll ,x~1 n11U e;) t.l1111"llU::'tl£l1 -l 

1'lcnL~ u~:::~11t1L'lI£l1Le;)£JlifUI::;L'lI£l1 (table shaker) ~1~ LFI~'Cl~n')U~11 (overhead 

stirrer) ~1'tl LI'1~'tl~~ nen~11LL'\J1J~l-IU (rotary extractor) ;-l~1)..J11m:h 1 ,x'lltl-l tJ~l-Itl£llu , ~ 

, 
~1l1Yit1nn'lt!tJ~)..J f;I~tlenL 'l~1 LiJUL 'J~1 48 i'l Ll-I~ .. 

5 . r.:l1nJt!ii.1L'tl1'l1'tl~tJ~l-ILtlm'tl-l ~1'tltl1"1~t!~'lUUNL~~U-l (centrifuged) Ll~'l 
)..J1nrtl~e.ht!Llr.Jt!m'tl-lLl-Il-Il1J1U ~iiL~Ue.ht!f'lt!Un~1~'~~1n1~~ 0.45 Ll-Ifl1tlU LCi\£Jl-n 

" " , 

'II'lcn~cntJ,r~~t!1 (thick-walled suction flask) l1~:::tl1cn ~1~fU'lltl~LLii~"lJU1en~£J1 '\J 

~1l-111(11if n11mtl~JI'lUfl'l1l-1~t! (Pressure filtration) LlYlt! n11n1'tl~~,)£J~C\!C\!1n1f'1 

(vacuum filtration) L~ ~1~f'\J'lI'tl~ II ;~'lIt!1 en~:::Lilucn~1"1 L~~U~~ fl'l1l-1 l~,)1'tl1J n~ 

10,000 x G ri'auii.1hJmtl~r.J1t!ll-l)..JL'\J1t! ~iil~t!e.ht!f'luUn~1~'lItl~m1tl~ 0.45 
" " 

'll-I Flffit!- ii.1'l1'tl~tJ~lJ hn~tl1 n1 f'I~'l£J n1"l!1 t! Lj;J1L"It! d"]t!L'l~1 15 t!1Vi 

6 . FI,)1t1f'\Jm\J~l1lJlt!1::;w:h~~nentl£l1:::wh~ 20-40 'tl~f'l1L"l!~L;U~ , " " 
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7.1 t.ln1ru~~~-3n1nLFln~lfl-l1tfhJ1 ru lftl-l~L "'h,rt.l1~ d1u~11ft~fl1u~m~-31~ 
91nif~ 5. ft-31t.1"l1'lIilL'Yi~L~Y1fi~t.I Uft~l.lfU~J11'Yi1~L1]t.ln11i1~'lun11i11t.1viin Li'hJ~Uft~ 5 

LIiIUtfhJ1 ~1 (L~tlfU~fl1'Yi 1~ Li']Umlil"'t.lYil-l~-391 n ~.ht.lmm1~-3) 

8. ~1'11~-3L~ft'l hft) LFln~lf"l!UIiI LLft ~tfhJ1 ru lftl-l~~Un ~')U lFli~-3':)LFln~~lm~~ 

~umJhnruu~u1'U~-3 Ll'lIil~~lJLLUU~'U~ nYi~ ~yJ LtJft'Yift1~lJ1 (ICP-ES) 



111~tJU'ln "lI 

tJ~n1'i'VI~~/!H 



~'rI~~ '11.1 ri')fr-1ruL1N~~~~U::L,)~lth.J~ 7 LL~:: 28 tll.l Lri'aLLU~crl.l'D'a~L~uth::LIlY1'il~1 n 

~j;I~~'ll.l~I~'atl~~U~::~Il.l 0 .5 . 
~ . ... 
lil'ltltJ'HYI 1 

., . ... 
WltltJ1-1Y1 3 

. ... 
f'l1Lll~tJ 

0%w/b'O.5 7 42.0 42.8 41.6 42.1 4.21 

28 58.0 59.6 59.6 59.1 5.91 

l%w/b 0.5 7 35.7 35.9 36.0 35.9 3.59 

28 45.6 45.3 45.8 45.6 4.51 

1.5%w/b 0.5 7 35.1 35.5 35.3 35.3 3.53 

28 44.3 43.9 44.1 44.1 4.41 

2%w/b 0.5 7 34.5 35.1 35.0 34.9 3.49 

28 43.9 43.7 44.2 43.9 4.39 

2.5%w/b 0.5 7 33.7 33.9 34.0 33.9 3.39 

28 42.7 42.2 43.0 42.6 4.26 

3%w/b 0.5 7 33.2 33.1 33.6 33.3 3.33 

28 40.4 41.5 42.7 41.5 4.15 

3.5%w/b 0.5 7 31.4 31.6 31 .7 31.6 3.16 

28 39.2 40.3 40.1 39.9 3.99 

4%wlb 0.5 7 29.7 29.5 28.9 29.4 2.94 

28 38.3 39.6 39.6 39.2 3.92 

4.5%w/b 0.5 7 28.2 28.6 27.9 28.2 2.82 

28 36.4 38.2 37.7 37.4 3.74 

5%w/b 0.5 7 27.6 27.6 27.6 27.6 2.76 

28 35.3 37.4 36.2 36.3 3.63 

7.5%wlb 0.5 7 20.4 20.8 20.8 20.7 2.07 

28 27.4 26.9 27.5 27.3 2.73 

10%wIbO.5 7 13.2 12.4 11 .6 12.4 1.24 

28 24.9 25.3 24.6 24 .9 2.49 

90 



*jJlJ1~ 

3/8" 

Lu~f8 

Lu~f16 

Lu~f 30 

Lu~f50 

LU'tlf 100 

o 
o 

11.77 

18.9 

20.83 

33.68 

12.25 

Cl1t1l~~~ 2.57 

100 

1.09 

55.28 

41 .5 

1.89 

0.24 

100 

ttJ~~~FI,)1tJfI:::L~t1~ (Finess Modulus; F.M.) 

o 

o 

11.77 

30.67 

51.5 

85.18 

97.43 

276.5 

*jJlJ'Wl 

1.09 

56.37 

97.87 

99.76 

100 

100 

100 

555.5 

91 

276.5/100=2.77 555.5/100=5.55 
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~ 

t1Vll1~'lUU"H;i~1'~6l1.h::~1U 0.5 • 

O%w/b
1
0.5 7 2.17 2.16 2.15 2.16 0.0100 

28 2.15 2.16 2.16 2.16 0.0071 

1%w/bO.5 7 2.15 2.15 2.14 2.15 0.0071 

28 2.16 2.15 2.16 2.16 0.0071 

1.5%w/b 0.5 7 2.15 2.14 2.15 2.15 0.0071 

28 2.16 2.14 2.15 2.15 0.0100 

2%w/bO.5 7 2.13 2.12 2.14 2.13 0.0100 

28 2.14 2.14 2.15 2.14 0 .0071 

2.5%w/b 0.5 7 2.12 2.12 2.14 2.13 0.0122 

28 2.11 2.14 2.13 2.13 0.0158 

3%w/b 0.5 7 2.11 2.09 2.12 2.11 0.0158 

28 2.12 2.10 2.11. 2.11 0 .0100 

3.5%w/b 0.5 7 2.09 2.12 2.10 2.10 0.0158 

28 2.10 2.11 2.12 2.11 0.0100 

4%w/b 0.5 7 2.10 2.11 2.09 2.10 0 .0100 

28 2.11 2.08 2.10 2.10 0.0158 

4.5%w/b 0.5 7 2.08 2.11 2.09 2.09 0.0158 

28 2.10 2.08 2.08 2.09 0.0122 

5%w/bO.5 7 2.08 2.08 2.06 2.07 0.0122 

28 2.09 2.07 2.08 2.08 0.0100 

7.5%wlb 0.5 7 2.03 2.02 2.01 2.02 0.0100 

28 2.02 2.01 1.99 2.01 0.0158 

10%w/bO.5 7 1.96 1.93 1.95 1.95 0.0158 

28 1.95 1.94 1.94 1.94 0.0071 

lUntl\VlIJI l t1Ml1~'lUU1~tl1'~6l1.h::~1U (w/b=water-binder ratio) . . 
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.. I .J I ..J .,.J - ~ 
""1Tl~YI '11.4 Fl'l1lJ"'U1lLUUY1r::u::L'l~1tJlJVI 7 lL~:: 28 'lU LlJ~lL1.htJU'~~L~utlr::LflVl~~1n 

Y}Vl11~'lU~16i~t)~liltlr::~1U~ 0.6 0 .7 0 .8 0.9 lL~:: 1.0 • 

0% w/b
t
O.6 7 2.13 2 .12 2.12 

28 2.13 2.13 2.14 

5%w/bO.6 7 2.08 2 .11 2.09 

28 2.10 2.08 2.08 

7.5%w/b 0.6 7 2.06 2.04 2.05 

28 2.06 2 .06 2.07 

10%w/bO.6 7 1.97 1.97 1.96 

28 1.99 1.98 1.97 

0%w/bO.7 7 2.09 2.11 2.12 

28 2.11 2.11 2.12 

5%w/bO.7 7 2.10 2.09 2.11 

28 2.11 2.12 2.10 

7.5%w/b 0.7 7 1.98 1.96 1.96 

28 1.97 199 1.98 

10%w/b 0.7 7 1.98 1.96 1.97 

28 1.98 1.99 1.98 

0%wibO.8 7 2.04 2 .02 2.02 

28 2.03 2.02 2.04 

5%w/bO.8 7 2.10 2.09 2.08 

28 2.09 2.09 2.08 

7.5%wlb 0.8 7 1.87 1.84 1.85 

28 1.88 1.86 1.88 

10%wlb 0.8 7 1.92 1.91 1.90 

28 1.94 1.92 1.92 

O%w/b 0.9 7 1.98 1.97 1.95 

28 1.98 1.96 1.97 

, , ... 
fl1L~fUJ 

2.12 

2.13 

2.09 

2.09 

2.05 

2.06 

1.97 

1.98 

2.10 

2.11 

2.10 

2.11 

1.97 

1.98 

1.97 

1.98 

2.03 

2.03 

2.09 

2.09 

1.85 

1.87 

1.91 

1.93 

1.97 

1.97 

0.00707 

0.01581 

0.01581 

0.01224 

0.01000 

0.00701 

0.01000 

0.01000 

0.01581 

0.00701 

0.01000 

0.01000 

0.01225 

0.01000 

0.01000 

0.00701 

0.01225 

0.01000 

0.01581 

0.00707 

0.01581 

0.01225 

0.01000 

0.01414 

0.01581 

0.01581 



94 

.... , .J , .J ... .4 .1'" ':1 .1 
"'1I~Y1 11.4 F\'lIl-J~U1LLUU~1:;tJ:;L'l~11mYl 7 LL~:; 28 'llJ Ll-J~LLurr.JU'1I~~L\1tJur:;Lfl~~~ln 

tl~n~'lU~IIJi~t)t'l~\lJr:;t'lIU~ 0.60.70.80.9 LLfi:; 1.0 (vi~) . 
tlt;ln~'lU F\'lIl-J~U1LLUU (nflJ/~n1Jlf11nL"lIU~Ll-J j;11) ri'lULnUU1JU 

• 
).J1~1l1U 

t)u ~'l~th~~ 1 
... , .. 
A'l~tJ'NYi 2 

... , .... 
A'l~tJ1-3~ 3 filL~~tJ 

5%w/b'O.9 7 1.97 1.96 1.97 1.97 0.00707 

28 1.99 1.98 1.98 1.98 0.00707 

7.5%w/bO.9 7 1.84 1.85 1.85 1.85 0.00707 

28 1.85 1.87 1.86 1.86 0.01000 

10%w/b 0.9 7 1.90 1.90 1.89 1.90 0.00707 

28 1.90 1.91 1.90 1.90 0.00707 

O%w/b 1.0 7 1.96 1.94 1.94 1.95 0.01225 

28 1.94 1.95 1.96 1.95 0.01000 

5%w/b 1.0 7 1.95 1.93 1.94 1.94 0.01000 

28 1.96 1.95 1.95 1.95 0.00707 

7.5%w/b 1.0 7 1.75 1.72 1.73 1.73 0.01581 

28 1.74 1.74 1.74 1.74 0.00000 

10%w/b 1.0 7 1.84 1.86 1.83 1.84 0.01581 

28 1.85 1.86 1.85 1.85 0.00707 

20%w/b 1.0 7 1.43 1.46 148 1.48 0.03000 

28 1.54 1.47 1.52 1.51 0.03605 



155.7 

651.7 

500.1 

957.6 

496.9 

2.56 

2.58 

2.60 

0.64 

2.57 

2.59 

2.61 

0.66 

95 

154.6 

648.0 

500.2 

955.5 

496.8 

2.58 

2.60 

2.62 

0.68 
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., I .cI 

~')tlU'Hl'l 1 
., I .cI 

j;l')tlU1~l'l 2 

... .. ... .. 
'\!IULn~l1I '\!IULn~'" 

503.1 405.0 

272.5 270.3 

586.1 526.1 

313.6 255.8 

499.5 403 

2.64 2.70 

2.65 2.71 

2.69 2.74 

0.72 0.50 

2.67 

2.68 

2.72 

0.61 



1 

2 

3 

>-

m-::lUtl-1 (n1lJ) 

81.426 

79.233 

76.553 

~1~Un"ll~~L~tlU:i'~Ul"''il~1n 

(nflJ) 

9,698 
... 0 

ntl~:;L'tltlf;\n1:i'Fl1U,)ru 

" , 
UI~Un~1flUI-1~~nI1: 

il).l~1tnU.~~ (nffi) 

126.345 

127.493 

118.206 

UnJ1111:i'cl-3 

( ~n1J1flflL'U~LlJI1I:i') 

60,560 

" , . - - . .... 
+~I~~nvl')f)m-1Yl 

flUU.~-1 (n1).l) 

73.919 

74.161 

68.952 

97 

70.92 

71 .91 71.42 

71.43 

Fl,)1lJ~U1LLl.iU 

(nflJ I fJn1J1f1nL'lIU~LlJ l1I:i') 

0.16014 

tIhnl1l:i'o-3 16 LLn~~~~ = 60.56 ~j;J:i' = 0.06056 fln1J1f1nllJj;J:i' =60,560 ~n1J1p\nl'llU~LlJ (;1 :i' .. .. 
J1~UnO~LU~1 2.51 m~nflJ = 2,510 nflJ 

J1~UnO~ + "lI'tl~L~tlU:i':;Ul"r1'il~1n = 12,208 nflJ 

" U1~Un"ll'tl~l~tlU:i'::UlYl'il~1n = 9,698 nflJ 

Fl'J1lJ~U1 LLUU = lJ'J~ / mlJ1(;J:i' = 9,698 nflJ / 60,560 flnU1p\nL'lIU~LlJ(;J:i' 
v 

"lI~~L~tlU:i'::;Ul"''il~1n:i''llJ~~L9~UU ~~L~~UU~U1 ffitl~~'~~L~tI1.h~U1Yl'ilfl1n 

(nflJ) (nflJ) 

6,786 13.6 99.8 
... 0 

:i'1t1fl:;L ~tI (;\ n1 :i'Fl1U'J ru 

mlJ1(;J:i'cl~ 42.38 ~(;J:i' 
.-
U1~UnO~LU~1 1,445.2 nflJ 

J1~UnO~ + 1J~~L~mh::;UlYl'ilfl1n:i")lJ~~l9mJu (ll'lltLLn'J 1~lJY{u U~1) = 8,232.1 nflJ . 

--



>-

~fi1n tlj;\n~,)lJU1t;jt:}')t'H"1.h::;~1lJ 0.5 , 

0% w/b'0.5 4.14 3.96 

28 4.21 4.19 

1%w/bO.5 7 4.42 4.40 

28 4.53 4.44 

1.5%wlb 0.5 7 4 .96 4.72 

28 5.02 4 .93 

2%w/b 0.5 7 5.13 5.10 

28 5.23 5.16 

2.5%w/b 0 .5 7 5.49 5.52 

28 5.61 5.63 

3%w/b 0.5 7 5.82 5.89 

28 5.97 6.01 

3.5%w/b 0.5 7 6 .24 6.31 

28 6.39 6 .37 

4%w/b 0.5 7 6.53 6.51 

28 6.71 6 .68 

4.5%w/b 0.5 7 6 .92 6.97 

28 7.01 7.11 

5%w/b 0.5 7 7 .21 7.29 

28 7.41 7 .37 

7.5%w/b 0.5 7 8 .23 8 .30 

28 8 .27 8 .32 

10%w/bO.5 7 9.17 9 .12 

28 9 .32 9.37 

4.02 

4.27 

4.36 

4.59 

4.86 

4.89 

5.07 

5.25 

5.47 

5.58 

5.86 

5.94 

6.27 

6.41 

6.62 

6.73 

6.95 

7.04 

7.33 

7.43 

8.31 

8.35 

9.23 

9.35 

. . ... 
fl1l~tUJ 

4.04 

4.22 

4.39 

4.52 

4.84 

4.97 

5.10 

5.21 

5 .49 

5.60 

5.85 

5.97 

6.27 

6.39 

6.55 

6.70 

6.94 

7.05 

7.27 

7.40 

8.28 

9.17 

9.34 

98 

0.09165 

0.04183 

0 .03082 

0.07549 

0.08544 

0.07246 

0 .03000 

0 .04743 

0.02549 

0 .02645 

0 .03605 

0 .03535 

0.03535 

0 .02000 

0 .05874 

0 .02646 

0.02646 

0 .05148 

0.06164 

0 .07681 

0.04359 

0 .04062 

0 .05523 

0.02646 



, ... 
f\1L~~U 

0%w/b
1
0.5 42.0 42.8 41.6 42.1 4.21 

O%w/b 0.6 24.4 25.2 25.2 24.9 2.49 

O%w/b 0.7 16.8 19.2 17.6 17.9 1.79 

O%w/b 0.8 15.2 16.4 16.4 16.0 1.60 

0%w/bO.9 6.9 7.7 8.3 7.6 0.76 

O%w/b 1.0 5.4* 6.8 6.4 6.2 0.62 

5%w/b 0.5 27.6 27.6 27.6 27 .6 2.76 

5%w/b 0.6 24.1 24.8 23.2 24.0 2.40 

5%w/b 0.7 18.2 18.6* 18.0 18.3 1.83 

5%wlb 0.8 17.6 17.5 17.3 17.5 1.75 

5%w/b 0.9 10.4 10.8 9.6 10.3 1.03 

5%w/b 1.0 6.0 5.6 5.2 5.6 0.56 

7.5%w/bO.5 20.4 20.8 20.8 20.7 2.07 

7.5%w/bO.6 20.0 20.8 21 .6 20.8 2.08 

7.5%w/bO.7 15.2 14.8 14.8 14.9 1.49 

7.5%w/bO.8 11.2 10.8 10.0 10.7 1.07 

7.5%w/bO.9 11.2 10.4 10.0 10.5 1.41 

7.5%w/b1.0 9.6 8.8 8.0 8 .8 0.88 

10%w/b 0.5 12.4 13.2 11 .6 12.4 1.24 

10%w/b 0.6 14.4 15.2 16.8 12.4 1.24 

10%w/b 0.7 14.4 15.2 16.8 15.5 1.55 

10%w/b 0.8 10.0 10.8 11.6 10.8 1.08 

10%w/b 0.9 7.8 9.4 8 .4 8.5 0 .85 

10%w/b 1.0 7.6 7.0 7.2 7.3 0.73 

Vll-J1ULVIVI ltlVlr1~,)l.nj1(;j~t)~c;,1h'~t'l1~ (w/b=water-binder ratio) . . 
*ri1tt~fUUNtlc;,"lI~~n~u~')~th~iiR1Lnu-rl')''lLriu~ LUUj~Ufl~ 1 0 "lI~~r)1L'U~U 

(3 ~')~£h~) ~~hi,j1l.J1flc;, 

99 
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~1r1~~ '!I .12 nl~~fullNi(;l~!i'~U~l'l~lti~~ 28 t)u ujtlUUj'crUiVlj'I~'lU~lvi~-r~(;Ilh~~IU . 
. ... 
f11l'U~t1 

0%w/b'0.5 58.0 59.6 59.6 59.1 5.91 

O%w/b 0.6 32.0 33.2 32.8 32.7 3.27 

O%w/b 0.7 26.8 26.8 27.6 27.1 2.71 

0%w/bO.8 22.8 23.6 22.4 22.9 2.29 

0%w/bO.9 12.4 12.8 13.2 12.8 1.28 

O%w/b 1.0 10.0 11 .2 10.8 10.7 1.07 

5%w/b 0.5 35.3 37.4 36.2 36.3 3.63 

5%w/b 0.6 32.4 34.6 32.9 33.3 3.33 

5%w/b 0.7 27.3 26.4 26.8 26.8 2.68 

5%w/b 0.8 24.1 24.4 24.3 24.3 2.43 

5%wIb0.9 15.4 15.6 15.1 15.4 1.54 

5%w/b 1.0 10.4 10.2 9.6 10.1 1.01 

7.5%w/bO.5 27.4 26.9 27.5 27 .3 2.73 

7 .5%w/bO.6 25.5 25.2 24.9 25.2 2.52 

7.5%w/bO.7 22.7 22.6 22.1 22.5 2.25 

7.5%w/bO.8 17.4 17.1 17.3 17.3 1.73 

7 .5%w/bO.9 14.2 14 .1 13.9 14 .1 1.41 

7.5%w/b1.0 11.2 11.4 11.4 11.3 1.13 

10%w/b 0.5 24.9 25.3 24.6 24.9 2.49 

10%w/bO.6 25.7 26.2 26.0 26.0 2.60 

10%w/b 0.7 27.3 27.6 26.8 27 .2 2.72 

10%w/b 0.8 17.7 17.1 18.3 17.7 1.77 

10%w/bO.9 15.4 15.3 15.7 15.5 1.55 

10%w/b 1.0 11.3 11.7 11.5 11 .5 1.15 

'I-l~ltJl"'j;j 'iVln~'lUUI~tl-r~~lh~flIU (w/b=water-binder ratio) 

·nl~~full!i'~t1(;1'11tl~ntlu~')tlth~ilFillnu1'),ntitl~lUuffitlfl~ 1 O'1ltl~Fillil~tJ 

(3 ~'l~rh~) ~~'WUll-11~~ 



fi1~ • 

l.h'aYl (Hg) 

"" LLI'l(;)L~tI),J 

(Cd) 

"" L'l!L~LUtI~ 

(Se) 

, 
.... , "" 
(Wl'tltl1-3Yl 

" " 1'l'l1~L"1I~"1IU 

(~n./~ . ) 

1 0.01066 

2 -0.00326 

3 0.00677 

4 

rl,)1~~1~'W" 

tUn!~'lLI'lr1~i 

-0.00587 

< 0.04 

1 0.04131 

2 0.08871 

3 

4 

, "" 
1'l1L~~tI 

1 

2 

3 

4 

rl,)1~~1),J1~" 

tUn! ~'l Lrl~1~i 

1~"1I'a-3 Lrli'tl-3ij'tl 

0.12922 

0.09363 

0.08822 

-0.00113 

0.00223 

0.00308 

0.00332 

< 0.003 

1 0.1157 

2 0.0596 

3 

4 

1'l'l1~~1~11" 

lun1~'lLI'l~1~i 

0.1025 

0.0700 

< 0.15 
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0.005893 117.6 

0.036108 40.93 

0.002058 109.6 

0.02648 30.46 



fi1(;l • 

."f.l-1urn-l (Cu) 

1 0.02387 

2 .{).01144 

3 .{).03740 

4 

fl,)1l-J~1l-J11Cl 

1 Un11'l Lflrl ~lf 
'I " .oJ.,. 
~rn'tl~ Lflffi~l-Jtl 

.{).00489 

<0.05 

1 0.08757 

2 0.08311 

3 0.08689 

4 0.08530 
, .col 

fl1L~fitl 0.08572 

1 0.37236 

2 0.38441 

3 0.36608 

4 0.36075 

0.37090 

2.02694 

2 2.14588 

3 2.01345 

4 1.94711 
, .... 
fl1L~fitl 2.03334 

0.025170 

0.001982 

0.010179 

0.082740 

ffitJfi~il-Jlh~a." i 
U~-lFl,)1l-J~uutb 

337.2 

2.31 

2.74 

4.07 
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. 
... . ... 
IWl~U1~Y1 

1 

2 

3 

4 

5 
. ... 
Fl1L'il~U 

54.8 

56.4 

55.1 

57.0 

55.4 

55.7 

0.9273 

Fl'l1l.J~'\.n mhJ 

(nfl.J/~nu1 f'lnL"liU~Ll.J "'~) .. 
2.29 

2.41 

2.32 

2.47 

2.36 

2.37 

0.0778 

103 

1.54 

1.40 

1.36 

1.48 

1.46 

1.45 

0.0702 



1l1fUJ'U'ln fI 

~1~~~1'U~~L'Un1~1~~ 
.", 



00 l4r,rU1.::~m LO l4r,tU1.n1.Httwrq~ n~~l!Jm~~L~ 

n~mLr,~L~~L~ Jl~y.n~flL~;:~L~r,~ 1A.l!1;:~f1r,~"k1.rq~W~~Bf,k1.~Dgf1t'~ V ~ 14 r,ttk1. 
. . 

~tl!JLfH.11 

~n.ttL~I1W[t\ r,~k1.'t'~M'B~'::~'m.ttL~ 1A.l!1;:&f1r,~"k1.ft1.~W~~Bf,k1.~Dgf1t'~ £ ~ l4r,ttk1. 
." ~ ~ I t 

~U t-u., B,m MLLfflLU t-L IA.nr,I1;:~u flr,14 ~ ~ ~ 

U~~L~M ::t1.~1 r,t!MLLf~I1~f1::~" t'!£l"I4~&LUULbr,~",t1.ft1.~~~~Btk1.~Dgf1t'~ G ~ l4r,ttk1. 
. . 

A6JnIl818W-OJPA4 SnOJJ8j-UOU ~LUnr,I1::~UULbl1~'t-B'::~" r,t!I1B~~m~LUt'~ttr,~ !:!l!J1 
,. 

~~I1r,!t1 L t'L~~~~::~";:t1.~l r,t!MLLf~I1~f1&LUULbr,~"t1..ttt~~~~Bik1.~Dgf1t'~ ~ ~ l4r,ttk1. 

nB~I1Lr,~~VLunr,I1;:~UULbr,~"!-1..ttt~~~~Bik1.~Dgf1t'~ O~ l4r,ttk1. 

u'LLfI1L~~LUI111r,fl~'~tt~~Uk1.L~~BULbr,~"t1..ttt~~~~Bf,k1.~Dgf1t'~ 60 l4r,ttk1. 

}'o11~U~k1.::~" Ut!~I4~tL~ r,LU r,t!I1B~l!I1~L~ Lt'mB~l!J'~L~ ~t'B'nLt'~1. 

~LU;:~" t'~I4~LU ~~~ttL~tt~~~LU ~~mLUULbr,~"t1..ttt~~~~Bik1.~Dgf1t'~ 90 l4r,ttk1. 

L t-LftlJlilA.n~~L~~~t;l~LUnr,I1::WULbr,~}1..ttt~~~~Bik1.~Dgf1t-~ LO l4r,ttk1. 

L t-Lftl JlilA.nnB~L~~ ~~~LUnr,I1::~UULbr,~"H[t\~~ ~~~tk1.~D gf1t'~ 90 14 r,ttk1. 

nb'!:UBB~1.rql1m'L~'~LUI1141n~nL~I4~Lr:uLUnr,I1::W::~" ~L!l.I1~~g 

IIoL.!JUfl11&LU I1fl~'~~lun~U~LUnr,I1::WULbr,~"t1.rq~~~~Bf,k1.~Dgf1t'~ SO l4r,ttk1. 
. .. 

BIA.t'~tt~~Uk1.L~~B 
. 

;:~" y~~nll. t',t\k1.t'Bil!J'ttUUk1.L~~BULbr,~"t1.[t\~~~~Bik1. ~Dgf1t-~ vO l4r,ttk1. 
. .. 

t'L"~LI4::tUB&k1. ~Ll4.I;:W ~LI4::WBfl' nBt, t'~l!I' .. ~ I'"' ~ I'"' 

!.(1}Lr"~~NtLU::~" ~f1ltf11'~LUnr,I1::~UULbr,~"H[t\~W~~Bf,k1.~Dgf1t'~ £0 l4r,ttk1. 
. . 

L t'Lftl~Lk1.LBf1l~f1"~LU t'tt;:~~LU yl4~L~~LU ~L[\L~l,U 1,~y~1t'fl~';:l,M' ,. ,. 

tLU nr,~u.~U~f1;:l,M"~LU tt~~Ut~~U'tl,UULbr,~"t1.ft\~W~~Bf,k1.~Dgf1t-~ GO 14r,ttk1. 

t!~;:~"Ml,LfI1LU~fll4.l1~L!!?""l,Lf~~~LU::~" 

fL~t-Bt!t1.'L~LU f"t-Btsk1.' l,~~l,U br,~ L ~tLUUl,br,,\3"}1.ft1.~~ ~~Bf,k1.~Dgf1t-~ W l4r,ttk1. 

• 
Ut-~ r,~"~1.rq~I4~~ ,. . 

Bf,k1. ~DQr1t-~t-B'l4n!l.Bf,k1. tLub~I1BU::~f1~l,Ut'B'IA.Lf1::&f1t-~N4~"Ut"U~k1. G II.~' ~"~ 

~t-~l4fl~'::~fl~t!t'~ U~k1. 9 L~'~!\~HI1141 r,~"Hrq~W~~Btk1.~Dgf1t'~ 

t'g,II.::Lu,t;'~!\tl4nk1.L~~LU!:!::~" ~k1.I4r,ttk1. 6 ~ nf.}'UBBt-f1"UUr,~"~1.rq~w~~Bik1.~Dgf1t'~ ~ B} 
. . 

u~T1,g.1.t'1.!6~~l'B!a~u[lf1~~~BfI,UIJ1::tf1:::~71I4GJl,~B~~l1t 

9vSG"jJ"U, r,~"!l.1.tt1IA.W ~r,g,~k1.~D UrI t'''''14 bLUtLUttUUt1.L~~Bt'r,~IA.::tUjJLU::Ml .~ ~I:rut.tunn=u '" #"I i'" kp' ,. IP' ~ I· b ..... 0 I • 
SO~ • • 
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\UJ'l£j\ 15 ~-1UlllJ~Yih)'r~~~1~HLLt\''lU1::L1l'VlU1~J1ru.,r .r~~~£j\;U ~1~1~fuL;£j\ 

.r~~~'lnffi-1 LLfI::'Mi1t)-1riu~UJ1~1::~1.)tu~~'lC;)~U 
~ • 1- ...., ~'L!'"'' tI . ..J~ - !'t 1" ~ 

~~'l£j\ 16 n~u!lIJ~~ffi'l~~'Vl u.a"llLLfI'l 1::L1l'Vl(;l1-11 'Vl1J.J L(111::~ L'U~~'lc;'lt)U 
I I "I 

~~'llil 17 ~-1u!jIJ~~1t).r~~Yll~HLLt\''l'"l1n~1urit)~h~LLfI::n111t)yj1~1u~~rit)~11~ 
.. _ ..J .t ..J.

1 
..t 

1'l~ t1~ {;lU'Vl1 iii '"I 1 nl'tU'Vl u'ULUt)'U 

~~'l{;l 18 ~~u!jIJ~~ffi.r~~~'WH'LLt\''l'"l1nm1~1fi11ruq'~1~fU~~M'U LL~::~(;li1'l~ii~ 
-,., " n11'l'"lU'Vl1~{;l1Uft1fi11rut1"IJ • .. ., 

~~'l{;l 19 ft-1u!jIJ~~1t).r~~Yl'W1;LLt\''l'"l1ntNufuflruJl1l't'~HL~U LNU1Uc;'l'~nL;utN 

~~(;l~1t11::t11 LLfI:: tN~~1Jl~11;tl[;1~1~m1~ • 
" . 

1.2 LfI'I 2 ~inn~1~ LLt1c;'1-1ii~m::U'l'Um1L~.,..n::l'Un1nh::nt)un'"ln1~u'U 1liyj11~Ln{;l 

~~unlJfI~ffi.rft~~1;LLt\''l ~ffiLtlU"IlUc;'l't)~~~t1nlJfI~ffi.r~~~~1;LLt\''l . .., 
1.3 LfI'!I 2 ~inq£j\.yhu LL~{;l~ii~im:tru::L~'Yt1::'t)~~~t1nlJ~~1'tl.rt1~lil~1;LLt\''lUU L-DU 

nrfl 05 07 01 ~~1uii~ ~~tJ!jIJ~~1'tl.rfl~~1~1;LLt\''l'"l1nfl'''fl1~m'1~tlt[;11Lfilij (05) '"I1n 

n1::U'lUn11LLUnn1'1fi11~"Il1~ (07) ~tJ'ULfI'tlU~'lutl1t1'Vl (01) Lilu~'U 

,tl 21um1ri1~uMnrfl~m~1::~~riu~~t1nlJ~~1tlt)fI~~~1;LLt\''l1~tJ!j~~n~i'U",'tlu~~t; 

2.1 1~i;'"I11ru1~1~-1tJ!j 1J~~1t).rfl ~~~H LLt\''l~ Ln (;l;U ~1'"11 n n1::U'l'Un11~Mlc;'ll'lt\''tl~ 
riu ~~'lc;'l 01 ii~ ~~'lC;) 12 ~1'tl ~~'l'" 17 ii~ ~~'l{;l 19 ~ffihi L{;lul,x~11t.rflL~"1I 6 ~in~ 

" . 
m~1::~~lU~~'lIilL~ihu um1uriflYlijL~"IJ 2 ~~nflc;'lYf1ULiJu 99 • 

2.2 ~1n'Wfl1~1Hm11t.rfl~L~~1::fI~VI1~''t) 2.1 L~ 1~"'1'l'"lM)U1t.r~"'1~"IlU{;l,'t)~a~ 

t1nQ~~ffi.rfl~~~"LLt\''ll'U~~'lc;'l 13 ii~ 15 

2.3 chu~'Wfl1~11'w::~1~ 1~[;11'l'"lflt)u1t.rfl~~unQfI~ffi.rfl~~1~H\L~'l l'U~~'lc;'l 16 

2.4 ~1n'Wft1l.J11t11::U~t.rflL~' 6 ~in'"l1n~~'l£j\ 16 'lA' l~nitJ'ltJt·ht.rt1~iJLfI' 2 ~in • 

,tl 3 ~~tJnQ~~ffit)fI~~UJt-nLL~'l~iJ1t.r~LfI' 6 ~inri1ritJ"''lU~'ltJmt1 HA (Hazardous waste 

- Absolute entry) ~ffi HM (Hazardous waste - Mirror entry) ii'tl~1LiI'Ua~tJna~~1t).rft~~hi 

HLLt\''l~ijflruft~tfflLiJU't)~ L;UtJU[;111U "'1~flru~mtru::~ri1~uliI 1.)1 Wl1 fiI c.lU'l n~ 2 ~1~fu~~ 
un Q~ ~'it).rfl~~'Wl; LL~'l~iJ1t.rfl ri1riU"''lU HM ~t1~::nt)tJn11~'tl-1yj1 n111 Lfil11::tfvn~ 
~~nLnru"]~ri1~UMt'Um'ru~~'tl~n11t~LLu~~1~~tJnlJfI~1t)t)ft~~'Wt-DLL~'.l~~n~1'l1~L'1,hu 

Lil'U"llt)~ L;UtJU"'11U"'1~ fiI rufl l.J~~ ri1~'U{;l'.)1 utl1::m Pit; • 
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trn~ru::LLfi::~rut1'-1~'71fN~~t1flfJfiUffiif1~dW7.';LLfl'JdLi1lJ'71fNL~mrlJlnf'm 
il'tl 1 ~-3t15Qtn~1'tl.rfllil~'UJ1;LLt\''ltl~::L11Y1f11~1'l1~ (Ignitable substances) ~iJ~m:tCU::LL~:: 

. 
.cI .. .,,, 44 

Standard 0 -93-79 ~~tl 0-93-80 ~ffin1~IH'I"'')mfO)r'tl~).J'tl Setaflash Closed Cup Tester (;lllJ 

~ih'1"'~'tlU'JI'tl~).J1t;lrS1l.1 ASTM Standard 0 -3278-78 

1.2 djl.lfll~'UJ1,,'tl~L\1S'lLLli~llJl~{1~mill.ll~'~ L~'tliJn11L~U~~ ~1'tl~'tl;j nl1"' ''' . '" 
.l dO ~... t1"; tI .,...1' "I::' ~... PI" •• 1 

fO)'llWlIl.I ~1'tlL).JtlLn~nl1L SUl.ILL ~~l'1l~LfO)lJ'JIUL'Mfl1U ~l.Ifl11l.1l.1 LLfI::LlJtlLn~~mUUm'"l:: 

" . . 
Ln "';U'tlti1-1 tuLLN LLfI::tlth-1~tlLUtl-1Y1 ritlL,x Ln "'tlUIR nu l1U LLN'~ fllU L~~CU~JJij LL~::fl,)llJ ~u 

).J1~r~1l.1 (fl'l1lJ~l.I1 U11U1n1f'1 LLS::~CU~lJij 0 'tl~Pl1L"l!flL;UfI) . . ... 
1.3 Ltll.In1'J1~,",YI',",1::dj",~ (Ignitable compressed gas) ;~nl"l!tl"'~ L~~lJ1Un~1'~~ 

~1'tl'll'tl~tJ~lJL,", 1 ~Ur~tl~Ll.I0-1U~~;j1'l'l1lJ~U~lJ\l1ru (Absolute pressure) ).J1nn11 2.81 

n'l~nflJvltlVl1n-1L"l!l.I~L).JVl1 ~~CU~1Jij 21 tl-1P11L'l!tH;U~ ~ffiijfl'lllJ~l.I~lJ\l1ru lJ1nn11 7.31 

m~nflJvltlVl1~1-1L"l!l.I~L).JVl1 ~~CU'"JJij 55 tl~ PllL'l!fI L;U~ ~fi"',",fltlu~ffi~fi~Lflrl::"h'h 'l",unl1 

1',",(;l1lJ";)fil'1~~tlUlJ1V111i1l.1 ASTM 0 -323 
III 

... ...J' ''''''. 1..1 0 
fl1~tlUl'1rU'JIl.I ~ ,",LLn ~11 1::n'tlU~1Yi')n chlorate permanganate inorganic peroxide LL~:: 

nitrate 

iltl 2 ~~uj)nfl~ffi.r~(iI~'WHLLt\''lU1::Lfll'1~11ri'''nffiu (Corrosive substances) ~;j~m:tcu:: 4J.. • .. --- ., .. LLfI::fl CUfllJU VlMl.I • 

2.1 Ltll.Ifll1f1::fl1U (Aqueous solution) ~;jfilfl'l1lJLfll.ln1,",£jh~ (pH) Ll'ilriu 2 ~1'tl~1 

n11 LLfI::1'l1fl'l1).JLfll.lm,",~1~ (pH) Ll'hriu 12.5 ~1tl~~n11 ~fi"',",~tlu~1'tl~WlLfln::,rYh LI7)U 

., " -n1~"',",'lU pH-meter j;\1lJ'lfil'1(i1~tlU'JItl~ USEPA Method 9040 
. ... 

2.2 Lfll.l'JItl-1L~S'lYln(ilnffiuL~~nnt\'liu SAE 1020 '~l.I~Vlnfl~n~1 6.35 ij~~LlJ~1 .. 
vitlU ~~ CU~lJij 55 tl~ fill L'flL;Ut'I ~fil'1 "'~tl1J~1'tl1firj Lfln::lf~1 'l,",un1r L fjfil'1"'~tlU'JI'tl~ NACE 

(National Association of Corrosion Engineers) Standard TM-01 -69 
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3.1 Li~hJ~I~~ij~1l1Yi'WfI'l~,) ~1~11ClYilt1{jmtnl~llth'l1')~~~')~~~~~Ul'lt'.!UNt~LJ1~J 
" ~ ~ - ~ 

lJn1~~~LU(;lLn~'lI'U 

3.2 LtI'U~I~'ly'htl{jn3tJ1~Ul'lt'.!UNnu~, 
~ d _ ~~.!' oJ ClIo '1~ 

3.3 LtI'U~I~"li'lLlJ~~l.JnU'Ul"1~ U11'~'l~fllJYI"'I~~~LUj;l ~~ 

3.4 ~t1'U~I~'l~ri'fl~fllJriU~' "I~Yil1~Lii(;lilril"li~M l'fl~M ~1llfltj''U~~'U l'UilllJlru~ 
'fll"'1 rilll ~ Lii ~~'UVl~U [;]'flfl'D1l1YiU fI fI~U~~~'l u')~t\'tl).J 1~ . . 

3.5 LU'U~I~~ijll'lf'1t1~~n'flu'D~'ll,ml'U~,..ffi;f'll~~ L~'fl~tl'l'fl~1'UflIl1')~U')(;l~tl).J~il 

f11 fl'Jll.J LtI'Um~~h'l (pH) ~~~~I'l 2 ~'l 11.5 uft'l flllJl~Cl rilll ~Lnc;\ fh'~M ltl~M "..ffifltj''U~l; 
", , 
~'U 1 'UtI'hnruYim"'l ritll ~ Ln ~~'U{il~U (;jtlQ"llIlIYillfl flf'lUf'l ~~'l LL ') ~t\'tllJ lrJ1 

3.6 LU'U~I~'lujtlClnyhl,rffi'Ul'U~~lnWi~ritll~Lnj;lllnmtn~~Lij~~'ULLN1~ 
" OJ. 

3. 7 dj'U~I~~'l~llJl~Cl~~Lij~ l~YluYi "..1~Liic;\t1{jmul~~Luj;l1~ l'UflIl1')~'tJru""lJij LL~ ~ 

fI,)llJ~'Ul.Jl{il~~I'U (fI,)llJ~'U 1 U~1mn1P1U~~~ru""llij 0 tl'lPllL"li~'U;UfI) "'I~ijtlnmmruu~'l u , ~ ~ • 

~'lilil {il ~1tl{ilnFh'lUl,)Ul'Ul'U~'lLL,)(;\~~).J L;U fll1Lflii~ritll ~ Ln C;\l.J~L~'l{illlJUCY;l1U~'fllu 

n~lJ~ 1 n~lJ~ 2A LL~~n~lJ~ 2B 'lItl'l International Agency for Research on Cancer LUU~U 
, 0-

4.2 LUU~I~Yiijf11f1'lllJLU'U~1t ~'lPltlltiu 

LU'U~I~~ijf'h Acute oral LD50 U~l:Jn~1 2,500 ij~~n3"lJ[;]tl~IV1Un~(;mli'lnt~n3").Juj~H~u . ~ 

(Rat) L UU~ {ilr)Y] C;\~'fl'l ~1tlii f11 Acute inhalation LC50 tJllU n~1 1 0,000 ~,)U 1 u~,u~')'Ul 'U 

~1l1Yi'Dtl'lltl~1tlnl"li ~1tlujtllifn1~(;hmiluftj;lrfYl(;\~tl'l iif11 acute dermal LDSO UtlUn~1 
" I '" " I 

4,300 ij~~ n3"lJ ~'flUl~'I!"n ~'l~il'liiL~ n3"lJ Yl'lU fil LD50 ~l.J1U ti'l f11 (mlJl ru)L ~~I:J'Dtl'lflI1~l; 

(Medium lethal dosage) ~Yil1~ftfl.rnlflUn11Y1(;l~tl'lL~uil(;111lfli'l~li'l (50%) f11 LD50 il 

~t.bmtl'Uij~~n3"lJ'Dtl'lfll1~M~tl~,,,..,rn~'lftflr)Y1(;l~tl'l~li'lnt~n3"lJ LLf'l~f'h LC50 ""lJlt1~'l 1"11 

(fl'JllJL;Jl.J;JU) L~~tI'lItl'l~I~~1t (Medium lethal concentration) 1\J~')n~I'l~Yil1~ftj;lr)~Hlu 

n1~Yl(;\~'fl'lL~u:n:3{illt1f1i'l~li'l (50%) fOil LCSO il""u'lmtl\J~'l\J (t~UmlJl{il1~ffi~I"..,rn) 'lItl'l 
" ~1~M~'fl~I\'!~'lU(tj;lutlr1l.Jlf1~~1tlUl~Un)'tl'l~'lnf'lI'l 

4.3 LU'Ufll~~iirh Acute aquatic 96-hour LC50 tJllun~1 500 ij~~nflJ~tl~(;ln~tltj'1f1 
" " l'UU1~ll\J (fI'lllJm~rJ11'lYl'l~lJC;\ Lvilnu 40-48 ij~~nflJ[;]tl~(;111\J~t1LLfI~L;ulJrl1fu~L'U{il) riu .. 

Uf'l1 fathead minnows (Pimephales promelas) Uf'l1 rainbow trout (Salmo gairdneri) ~1tl 
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tl~'1 golden shiners (Notemigonus crysoleucas) (;l'1lJ~ri'1~u",1u Part 800 "lJ~-.3 the 

"Standard Methods for the Examination of Water and Wastewater (16th Edition)," 

American Public Health Association, 1985 

4.4 LtlUt'l1ri1ij~~rfth'~n~u"JI~~t'l'1~~~~1.l''1~~1-.3~ 1 utl'hn CWrl,)'1lJ L 'lJ'U"JI~~ t'l1~ 1", 

t'l1~~~~ ~1tn.nlJ'1(u1'JlJ'II~~~'1ri~~lJ'" lJ'1nn~'1~ffiLvhriu 0.001 % L"'£J~'1~,rn 
4.4.1 2-Acetylaminofluorene (2-AAF) 

4.4.2 Acrylonitrile 

4.4.34-Aminodiphenyl 

4.4.4 Benzidine and its salts 

4.4.5 bis (Chloromethyl) ether (BCME) 

4.4.6 Methyl chloromethyl ether 

4.4.7 1,2-Dibromo-3-chloropropane (DBCP) 

4.4.8 3,3'-Dichlorobenzidine and its salts (DCB) 

4.4.9 4-Dimethylaminoazobenzene (DAB) 

4.4.10 Ethyleneimine (EL) 

4.4.11 alpha-Naphthylamine (1-NA) 

4.4.12 beta-Naphthylamine (2-NA) 

4.4.13 4-Nitrobiphenyl (4-NBP) 

4.4.14 N-Nitrosodimethylamine (DMN) 

4.4.15 beta-Propiolactone (BPL) 

4.4.16 Vinyl chloride (VCM) 

,~ 5 ~-.3tlfiQ~ ~ffit)t'lVJ~'W1iiLLt\'')~ij~-.3rftl~~n~U'''~~~~L~~tlu ~ih~u",H~~~ 
, ", 

5.1 Uj~,j'1lJ1~'1fOi'1R,)'1lJL'lJiiu\1~~lJ"'''JI~~~~L~~tlU ~1J~'1ij~-.3f"ftl~~n~U'''~~ 

t'l1ffiUUvihJtiU(;l1')U LLfI~~'1~~uyiirJtiU(;l1')£J 1u~u'l£Jijfl~nflJ"JI~~t'l'1~vi~~rl~nLflnflJ 

"lI~~~-.3tlnofi ~ffit)t'lVJ~'WHILLt\'') (mg/kg; wet weight) LYi'1riu ~ffia.nnn~'1fo"h Total 
, " 

Threshold Limit Concentration (TILC) Yiri1~u",H~-.3(;\~ltln 

(Antimony and/or antimony compounds) 

t'l1~U LL~~mffi~1jtl~~n~U"ll~~t'l1~~U 
OJ OJ 

(Arsenic and/or arsenic compounds) 
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(Barium and/or barium compounds (excluding barite and barium sulfate) 

Lu1f1lSmJ LLfI:;/~iffi~1nh:;nflULU1f1L~m.J 75 ijfl~nf~vlflntflnf2.J 

(Beryllium and/or beryllium compounds) 

(Cadmium and/or cadmium compounds) 

~1 nh·:;nflu"fl.:J LFt1 UimHlI n'J1'l1 UflUl'1 

(Chromium (VI) compounds) 

LrwUlu~ UfI:;/~1tl ~1nJ1::nflU'!Ifl.:JLrWUlU2.Jl~1'lILfI\JYl 2,500 ijfl~nf~vlflntfln 12.J 

(Chromium and/or chromium (III) compounds) 

LFlUflflYl UfI:;~1tl ~1nJ1:;nflU"fl>1 LFlUflflYl 

(Cobalt and/or cobalt compounds) 

YI~.:JU~.:J LLfI:;/~1tl ~1nJ1:;nflUYlfl>1LLC;!>1 

(Copper and/or copper compounds) 

~lnJ1:;nflULn~fl'!lfl.:J-n£jfl~ 11Ci1 (Fluoride salts) 

~:;~'l LLfI:;/~1tl~1nJ1:;nflUCtI:;~'l 

(Lead and/or lead c mpounds) 

U1'ilYi LLfI:;/~ffi~lnh:;nflUU1'ilYi 

(Mercury and/or mercury compounds) 

L2.J ~U ~hr2.J LLfI:;/~ffifl111l1:; nflU L2-l ~u ~hr2.J 

18,000 ijfl~nf~vlflntflnf2.J 

1 ,000 ijfl~nf~vlflntfl nf2.J 

(W1'l~L2-l~U~UlJifl\-nc;\) (Molybdenum and/or molybdenum compounds; 

excluding molybdenum disulfide) 

ilmnfl ufl:;~ffi ~lnJ1:;nfluilmnfl 

(Nickel and/or nickel compounds) 

:n~ LUU2.J Ufl:;/~1tl~1nJ1::nflU;~L UU2.J 

(Selenium and/or selenium compounds) 

L~\J ufl:;/~ffi~1nJ1::nflu'fl.:J ~\J 

(Silver and/or silver compounds) 

(Thallium and/or thallium compounds) 



(Vanadium and/or vanadium compounds) 

tf~n::~ u~::/",1'tl~1nh::n~l'utf-1n::~ 

(Zinc and/or zinc compounds) 

utlfl~1lJ (Aldrin) 

f')~tlL~lJ (Chlordane) 

;i;iii ;i;iii ~ffi C;)~C;)(DDT, DOE, DOD) 

2,4-;i (2,4-Dichlorophenoxyacetic acid) 

;i~lI\1lJ (Dieldrin) 

\~tltln;lJ(Dioxin (2,3.7,8-TCDD)) 

LtllJ~1lJ (Endrin) 

LlIU~1f'1~'tlf (Heptachlor) 

flLUlJ (Kepone) 

~UL~lJ (Lindane) 

UJy\Yl'tln; fl~'tlf (Methoxychlor) 

UJL1n (Mirex) 
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2 ,400 i1~~nflJlJitliiL~nflJ 

1.4 i1~~nflJMliiL~nflJ 

2.5 i1~~nflJliitliiL~nffi 

1.0 i1~~nflJliitliiL~nflJ 

1 00 i1~~nflJliitliiL~nffi 

8.0 ii~~nflJliitliiL~nfl-l 

0.01 i1~~nflJliitliiL~nflJ 

0.2 i1~~nflJliitliiL~nfl-l 

4. 7 i1~~nflJliitliiL~nflJ 

21 i1~~nflJliitliiL~nflJ 

4 i1~~nflJliitliiL~nfl-l 

1 00 i1~~nflJliitliiL~nflJ 

21 i1~~nflJMliiL~nflJ 

LV.lJj;J1f')~'tlL:i'yjlJ'tl~ (Pentachlorophenol) 17 ij~~nflJlJitliiL~nflJ 

Lv.ftf'l~'tl1LlJ(;1L~V)hJ~U~(Polychlorinated biphenyls (PCBs)) 50 i1~~nflJliitliiL~nflJ 

'Vl~ln'll1~\J (Toxaphene) 5 ij~~nflJlii'tliiL~nflJ 

\~:i'f')~'tlhL'tll1ftlJ (Trichloroethylene) 2.040 ij~~nflJliitliiL~nflJ 

;flL~n (Silvex; 2,4,5-Trichlorophenoxypropionic acid) 1 0 ij~~nflJlii'tliiL~nflJ 

"'lJ1m~~ - R1~ri1~\J~'lI'tl~i'l1ffiuY\ffi LtlUR1~tj~f'I'l1lJL.;rlJ.;rlJ'lI'tl~fi1(;1 UJ1"1i'll'tl~~1nh::n'tlu • • 

.. " .. 
LillJ~N~::Liitl"'Lyhl!lJ "'~il U'tli'lLUi'lIn'tli'l ~::1'llJO-l chrysotile amosite crocidolite tremolite 

anthophyllite LL~:: actinolite 

5.2 Vl1lJU1::n1P1m'::'Vl1'l-lflj;Ji'l1~n11lJ (2548) ~tl-ln1:i'ri14'~~~unQ~~ffitji'l~~1lJ1-if 

U~'l ~-1unQ~~ffitji'l ~~1,jt-ifLL~'l~ujtnj1lJ1i'lri~~'ltJ',)fin1:i'~nv)i'l1:i' (Waste Extraction Test, 

WET) LL~::i)fi',) Lf"l11 ::i~1 i'l n ~ LL~'l i1tl-1 ~U1::ntlU'II'tl-l i'l1:i''tlUlJ'Vl ~U~lJ(;111t1 LL~ ::i'l11~lJ'Vl1rJ 

, 0-

Threshold Limit Concentration (STLC) iiri1"'lJ~HIii-l~'tlluil 

i'l1rn\1 LL~::/~ffii'l1ro1::n'tlU'IItl-1i'l1rn\1 



(Arsenic and/or arsenic compounds) 

q 4.1 q 
U.1J~Lffi).J U.~::~ffifl1~u~::n~1JLL1J L~U).J 

(um~lJu.1J\ffiu.~::u.1JLru).Ji~L~I?l) 

(Barium and/or barium compounds (excluding barite and barium sulfate) 

(Beryllium and/or beryllium compounds) 

(Cadmium and/or cadmium compounds) 

fl1~tl~::ntl1J'Dtl~ ~fWUjU).J Ltl n"ll1'l1 LL~lJyf 

(Chromium (VI) compounds) 

LMUiu).J u.~::~ffi fl1~U~::ntl1J'D'iI~ Lfl~UjU).J\I?l~'l1L~lJyJ 

(Chromium and/or chromium (III) compounds) 

~fl1Jtl~yJ LL~::/~1tl fl1~U~::n'il1J"lItl~ Lfil1Jtl~yJ 

(Cobalt and/or cobalt compounds) 

Yl'i).:IU.IM LL~::/~ffi fl1~U~::ntl1JYl~NLLIM 
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(Copper and/or copper compounds) 

fl1~tl~:;n'il1JLn~tlnl~~~tl'il he;) (Fluoride salts) 
" 

180 i1~~nf).J~~~V1~ 

5 i1~~nf).J~'il~I?l~ 

(Lead and/or lead compounds) 

UffiYl u.~::/~1tlfl1~U~::ntluU~~Yl 

(Mercury and/or mercury compounds) 

'UJ~1.1~iliJ LL~::/~ffifl1~U~::ntl1JL).J~1J~U).J 

(UJ 1')).J 'UJ ~ 1.1 ~iliJ; ~ 1 ~ ~) 

(Molybdenum and/or molybdenum compounds; excluding molybdenum 

disulfide) 

(Nickel and/or nickel compounds) 

;ihilu).J u~:;/~ffifl1~u~::ntl1J;~Ltlu).J 

(Selenium and/or selenium compounds) 

L~lJ LL~:;/~ffifl1ru~::ntl1J'lltl~ ~lJ 

(Silver and/or silver compounds) 



(Thallium and/or thallium compounds) 

(Vanadium and/or vanadium compounds) 

i~n::~ ua::/~ffi~1nJr.:ntlui~n::~ 

(Zinc and/or zinc compounds) 

utlaj;l1\A (Aldrin) 

f1atlLj;l\A (Chlordane) 
oaI.cI.cI .aI.QI..:;f dI _4.11Ci1 

j;l~'" l1Ij;ltl ~1tl j;l11l~(DDT, DOE, DOD) 

2,4-1;1 (2,4-Dichlorophenoxyacetic acid) 

1;1aj;lru (Dieldrin) 

~ffl1 

'lj;ltltln;\A(Oioxin (2,3,7,8-TCDO» 

~ffl1 
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7.0 na~nf).J~~~fflT 

0.14 ija~nfl-J~tl~fflT 

0.25 na~nfl-J~tl~ffl1 

0.1 na~nfl-J~~~m 

1 0 i1a~nfl-J~~ flffl1 

0.8 ija~nfl-J~~ 

Ltl\Aj;l1\A (Endrin) 0.02 na~nf).J~tl~~w 

LlIU(;11fi1atlf (Heptachlor) 0.47 ija~nf).J~tl~(;1T 

Ii)tU\A (Kepone) 2.1 na~nf).J~tl~(;11 

~\ALj;l\A (Lindane) 0.4 ija~nf).Jc;itl~(;1T 

Ll-J."Yltln'ifi1atlf (Methoxychlor) 1 0 ija~nf).Jc;itl~ (;11 

hJL~n (Mirex) 2. 1 ija~nf1J c;itl~(;11 

L"r'l\Affl1P1atl t~\Atl~ (Pentachlorophenol) 1. 7 ija~nf).Jc;itl~ffl1 

t"r'l~f1~tl1L\A(;1L~j;l'lu~ilfl(Polychlorinated biphenyls (PCBs» 5.0 ija~nfl-Jc;itl ~lJI~ 

Yltln"ll1~\A (Toxaphene) 5 ija~nf).Jc;i'a~lfI1 

'lffl1f1~'at1Ltl~~\A (Trichloroethylene) 204 ija~nfl.J~tl~ffl1 

;aL~n (Silvex; 2,4,5-Trichlorophenoxypropionic acid) 1.0 ija~nf).J~t) ~lfIT 

(~).J1m~[;] - fl1~ih~\Aj;l'tl~a1ffi\AYl1u LtI\Afh~tj"'fl'l1).JL;).J;r\A,tl~fi1(;J hJ1'11'tl~f%1nJ1::ntl'J ) 
5.3 n11Y1j;lfitlU~~U!ifJfl ~ffil'~~~'W1.;rui\''l t"'tI\j1).J1~nj;l~'lu';)fi Waste Extraction 

Test (WET) ~::";1;\Anc;itlLrltl fi1f1'l1).JL').J'\Ai~~).J ~ (Total Concentration) '~~f%1ffi'JlfIT1tJ 
1.(;\1 ijy-huJLnw·h TILC 1.\A;tl 1 u~ijfl1LYhnu ~1tl).J1nn~1fl1 STLC "JItl~~1n!\A~n1~\A(;\1\A 

;tl 2 ~1t)Lrltl~tl~n11U1~~UnfJa ~1tll'~~~'W1.-nui\''lh.Jn14'(;\tc;\u,;)fiil-1nau 
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'11~ 6 n1~~1fl1f1'J1lJL'!IlJ'1IUYI~'nJIII n'w~nlll~11 ua:n1nLfW1:~~1u1lJ1rufl'J1lJLlIlJ'IIU'1I'tl~ 

~1ffiuVI~tJlu~1~nlll lm~fi ~~vi~1.tJn 
6.1 lum1L(;lffilJ~'J'tlth~~~tJ5Qa ~1tl'r~f;J~'UJ';Ut\''J ~~f}~n11Y1c;,~f}U~1ri1mlJ1ru 

fI'J1lJL.ulJ.uui~~lJc;,'1If}~~1ffiuVl11tJlu~t.btlih'l~nflJlii~n1anflJ (Total Concentration) ~1~ 
... 

mlJ1rufl'J1lJ L.ulJ';rU'1If}~~1~tlUVl11tJluu1~ ri'III lu~ll'Jtli1a~ n1lJ vif}~ VI~ (Extractable 

Concentration) 
... 

lmm~~liif} 1.tJll 

6.1 .1 lIUIII~ 1 - ~1~1u~~tJ!lQa ~ffi1'~~~'Wl'LLi\''J~)j~mtru:Li1u'IIf}~LL;~~ 
~1lJ11t1U'" ~ ~:~f}~u11.tJi'ilU ~1tl1.tJUc;,L~~ 1"'~1lJ11t1ffiurJ1uVI:LLn NlJ1 Vl1~1UritlUU11.tJ 

~ Lfl11:lf ~1n~'Jtlth~;:j1'~ III~'W~1lJ11t1U'" 1.~ ua:ffiu hirJ1ufI:LLnNlJ1\Jl1~1u~1.u ua:Li1u . ~ 

." I I' '" 

1'~f;JVltJuLl'~UlJ1'WLntJ'J.utl~nufl(U~n1:tru:L~lJ'II~~~~t1BQa~1tl.r~f1JVlhil'ui\''JUU l"'utJ n~~n 
... . 

LL~'Jli~ L~tJ ri'JUVl L "'~'il'1l'il~ ~'Jtlth~ 1""u11.tJffiurJ1uVI:unNlJ1 Vl1!i1U ritlUtO!:U11.tJnlJ ua :~~lJ 

ri'u~th~i'Jil~nu~lbu'IIf}~~')tlth~~'W~~~rJ1Un1ru", L~~ffimflLfln:,r vitl1.tJ 

6.1.2 lItllll~ 2 - ~1~fua~tJ5Qa "'ffi1'~f;J~'Wl;LLi\'')~)j~n1:t(U:Liju'1Itl~~~lJ 
~:"'~1~'IItl~U;~ ua :'1I'il~ L ",a'J~~1lJ11t1U11.tJn~~~ 't~ 1"'tJ)jtl~ RtJ1:ntlU'!ltl~'1I~~ LL ;~lJ1 n n~1 

... . 
\-1ffiLYl1ri'UltltJa: 0.51111mj1\-1Un ~:~tl~Yi1n11n~~'ltlth~L~f}utJn'!l'il~LL;~tl'iln~1n'!l~~L"'fl'J 

1111tJn11nffi~rJ1ULLcJun1tl~LlJlJLUru (membrane filter) ~)jL~ucJ1f1lUUnfl1~'II~~m1~~ 0.45 .. .. 
1.lJ fI~~U ~1 n~uYi1 m ~1' IIImlJ1(u'II~~ri'JU~ n1tl~ 't~ua:Lnu 1.1 tc;,tJri,)U~~:t1tl~1 LtlU Initial 

Filtrate ri'lU'!I'il'l LL -D-1~ utJ n 1.~~:U1 'ltJu IIIua:ffiu~.huVI:LLnNlJ1(;l1~1U (~~ utJa ntJfl~lJ~:~ n 

LLtln~'l1.tJ) Ufl:Ul1.tJ~~lJnu'!l~'lU;'l~rJ1U(;l:unNt"'tI'W~tl~uc;, ;~~,)U~LtlU'1I~~LL;~~~:t1n 
\I 

u1'lmLf;w1:lf~'JtJ~filUiftl 6.4 L"'mr"'ri'JU'II~~~1~ri'", (extraction solution) ~1if ~~ 10 
... I I" f 

i1fl~~Vlntl~U1~ n ",vitl"'U~ nflJ'!I'il~'!Itl~U;~ UjtlL~;.,aun11~n "'LLi\'') ~11fl:fl1tJYi~ n III 1.~~:;t1 n .. 
u1'ltJnffi-1Ufl:'ttJ~~lJnu Initial Filtrate ~th~ i'lil~ritlu,111.mLfll1:;,r~')tJ1filu.u'il 6.5.2 

6.1.3 *lIUIII~ 3 - ~1",fu~~tJ!iaa~ffi1'~~~1;ui\'')~)j~m~tru:LtlumnVl::n~u 
(sludge) LflU (slurry) ",ffiLtlU~1~U (oily) ~1~U~U (tarry) ",1f} resinous material ~hi 
~1lJ'WCln1tl-1~ffiuIII 'l~ ~~'ltO!1nutJ n~'lutJa ntJfltllJ~tlnLL£\:? ~,)'ilth~~ L",~~i~"'lJ "'~::Qnu11.tJ 
~Lfl~:lflii~hJ 

6.1.4 "'1n~1Ltlu~~~iin11V11nU~'l~'ltlth'l~Li1U'!l'il~LL;~ ~1'iltl~RtJ1::n~u 

"lItl~LL;~ri~uYi1n1~if}U UIII ~1tlutJn~~utJflntJa~lJtl~n ",1'il1.~)jn1~Yi11"""lI'il~L~tJ~UU~-1 ri~u 

Yi1 n1~~ Lfl11:,r to! :rX'il~Yi1 mruunn ri1~1"'l!n~~1tJ1.tJ ufl::~'il~uuli n~Jl1Y;'1I'il'l n11Yi11""LL~~ 
H~'ltJ 
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6.1 .5 L" L'~::UnNl-J1(;l1~1U"!IU1~ 2 lJflflU.Jj;l1 (LUtl11 0) LUn11~1f'l1u1l-J1tu .. 

f'l'l1lJ L ;lJ;i.lli~"lJ ~"!Itl~~1ffii.lj;lrlU 1 U~t.buij fl ~ n1lJ vitl ntfl n 1lJ Ufl::mlJ1 tuf'l'l1lJ L ,lJ; U"!Itl~ 

~11~i.lj;l11ul i.I~1 fl ri filli.l"U'ltJiifl ~ n 1l-J vitl~ (;l1 un L ~u L i.ln1ru~ Ltli.ln11"1 r-i 1ml-J1 tuf'l'l1lJ .. 
L;lJ;i.lli~"lJfiI"!Itl~fl1ffii.lliffit1i.1Arlulu~,.hui1fl~nflJvitlntfln1lJ lm'(;l::LLnNlJ1(;l1~1U'!IU1C;) 

1 iiflflU.Jj;l1 

6.2 ~1~fui~t.I!ifJfl"ffit)fl ~~lbJl-nu~'l~ijim!cu::Li1i.1"!1tl~ L "fl'l ,,1tlij"!ltl~ LL ii~~\l.l 
.. .J .. 

fl::fl1uU1t1::t1i.11i.lU1lJ1rullUtlUn~11t)ufl:: 0.5 tC;)uU1,,\1n ,,::\l.l~tl~U1l.J1flric;) tc;)u~fi Waste 

Extraction Test (WET) ~~1l.J11[1u1hJ1Lf'ln::\f"1fi1"!1tl~fl11vi1~11~c;)U(;lN LLfl::'"I::(itl~1 
, .. 

LtlU"IItl~ L~Ut1i.1j;1nu n vitl UitlthmlJ1 tuf'l'l1l.J L ;l.J;uli~"l.J c;)'tl~ fl11t1i.1j;111 U L i.I~,.hui1 fl ~ n1l.J 
, .. 

vitlntflnflJ'tl~~11Lfil1 iifi1l-J1nn~1fi1 TILC Y1n1"i.I~H~1"fu~1ruUtlth~hn(;l1l.J ~1nfh 

mlJ1CUf'1'l1lJ L;lJ;i.li~"lJ~'tl~fl1ffiu(;lnu 1 U"U'lUiiflfln1l.J vitlnLfl n1l.J"!Itl~~11t!U ij fOhutlu 

n~1fi1 TILC Uvil.J1nn~1 ft1 STLC ujt)~C;)LtlufOl'l1l.JL;l.J;i.lLi.I~U'luiifl~nfl.Jvitl~(;l1 '"I::~tl~U1 .. , 
~'ltlth~"!Itl~L"fl'l\1i.1l.J1nffi~~.huLLe.iun1tl~Ll-Jl-JLU1i.1 (membrane filter) Y1ih~u~.hf!!uUnfl1~'!Itl~ 

ln1tl~ 0.45llJf'1ffii.l LLft'lU1Ltl1"!1tl~L~fl'l~ t.i1Un1m1tl~ 1t1";1 n11~ LfOl11::\f"1 fi1"!1tl~ ~11t!U LC;)U 
, ~ 

n vitl L~tl fi1ml.J1CUf'1'l1l.J L;l.J;uli~"l.J ~"!Itl~~11~U(;lnU 1 i.I 

'!Itl~L"fl'l~~1i.1n1mffi~ijfi1).J1nn~1fi1 STLC ~1::11H~1"fu~1~i.I 
6.3Lm-n ~1ffi::fl1U 0.2 M sodium citrate ~ pH 5.0 ± 0.1 LijU~1~ric;)~H1.u~fi WET 

(WET extraction solution) ~UL(;l1ul-J'"I1nn11U1~11fl::fl1U citric acid Li.lml-J1tu~ml.J1::~l.J 

l.J1t11u pH L~\iJi.I 5.0 ~'lU ~11fl::fl1tJ 4.0 N NaOH ~11fl::fl1U citric acid ~1l.J11C1L(;ljUl.J'l~ 

tC;)UU1Ltl1 analytical grade citric acid hJfl::fl1ULi.I deionized water ~1~1Un1i)Lf'ln::i~1 

fi1Llln"!l1'l1Lfli.lYl1f'11LiiulJ (chromium (VI)) 1m, deionized water Ltli.I~1~ric;) 

;tl 1 ~t11::ntlUn"n11tN~1U~1.h::~~f'l'"l::~1LUi.ln1N~n11i~unQfl"ftlt)~~~'WL;LL~'l(;l1l.J 
~ .. 

u1::n1f1Wlluli.lu'iL'lrutN~1U ~tl~ ~1 LUUn11~~vitl 1t1ij 

1.1 n11i1~nftU L~,;'hLUun11eI,mflu tfilu4'~L~ih::uurii.l;l.J 1::uUn1r(;l1'l'"l~tlUn11 
, .. 
1'l 1 ~fl r::UU1::U1U n11 ufl::r::uuthU' c;)U1 L~ U (;l1).J fOl'l1).J L "l.J1::~ l.J'tl~"lIUc;)" ftlUr:: UWI"!ltl~ ~~ 

ulj Qfl"ffit)~ ~~\l.l1;U~'lt!U1 t(;ltJ 'W~~ r.Jfl n 1::YlUv1tl a~ U'l (;Ifttll-J ~~;1~tl~ l~fu f'l'l1l-J L ~i.I"lItlU 
'"I1nn1lJb~~1i.1tlj;lfl1"n11lJ . 
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1.2 nIH~I~-.lUD Q~'\.{1tl-r~~~hi1ifLL~')~nl"J rutUJ1Eihi LthJ'lItl\lL~m)~Vlnfl 't,x 

~1 LU~n1~L~1 L(;ltJ I'I'.llJ Fjl-J R1l-J1V11l1U'lltl\ll-J~~11~~:::;lJltJ'tl'tl nlOi1 nut'itl\l 1,x LtlU luVlIl-JU1::WI Pi 

n~:::;"'1')\I-:j."tJ1 PlI~ Vlf LVI f'l t ~t~u LL~:::;a-.lLL'l~~tll-J L1tl\l ri1~~(;l~1 VI~iiIUf'\'lUf'\l-J n1~U~'ilfJ ~\I 
d • 

'tl1n1f'1L~tJlOilmVlIL~llJ~~'tltJ tH-rU~ 17 ijCJ~ltJU 2540 "'1l-JL~I~-.lUDIJ~~i'tl-r~~~'W1.jfLl~'l~ 
nFjru~l-J~djU'lI'tl\lL~tJ~UVll1tJ L~ULL~,..:::;1~rufl,)Il-JL"'U"l!'illJIOi1nn1l-Jh\l\lIUtlf1l~I~n1~l-J 

1.3 n114'Vln11tVltJ%~U1 L1U nI1~,rnyh~tJ n11('1l-J~ n11,jln~uluH'u1:::;LtJ"l!~n 

LtI~~~ "':::;~'tl\ll~flJf'l,)Il-JL~~'tlU"'lnml-JtN\lIU~VI~I~n11l-J 

ii'tl 2 1mifri~L~'lI 3 ~~n~ril~U~ftl~flJn114'~n11~\lUDIJ~~itl-r~~~hi1iiLL~'l (Treatment 

and Disposal codes) 1UnI1LL~\lrlU~:::;L~m'\L~tI':lnlJ~-.lUDlJfmi'tl-r~~~'WH'LL~'J IflIW.l1 n I 

~n.3 LL~:::;1~n11."tl'tl~t1l1Vl,jI~\lUDQfl'\."ffi-r~~~'W1ifLL~'l't)'t)nu't)nlJ1L'lrutN\lIU ~\lIfl't)~l,H1 

2.1 n114'Vln11a\lUDQ~~ffi-r~~~1l-l1ifLL~'l ~1l-JI~mLti-.lLtlu 8 U1:::;LJ1Yl ~\I~ 
2.1.1 U1::L1lYl 01 n1~A'~LLtJn (Sorting) 

2.1.2 U1::L1lYl 02 n1~nmnlJ1UllI'U::lJ11" (Storage) 

2.1.3 U1:::;LJ1Yl 03 n1ruln~Ul-J11-D41 (Reuse) 

2.1.4 U1::L1lYl 04 n1ruln~Ul-J11-DU1:::;ttJ,illin (Recycle) 

2.1.5 U1::LJ1Yl 05 n1ruln~Ufl~"J11~lJ (Recovery) 

2.1.6 U1::L1lYl 06 n1~UIU(;l (Treatment) 

2.1. 7 U~::L1lYl 07 n11ih4'Vl (Disposal) 

2.1.8 U1::L1lYl 08 n1~(;ln1~~'ltJ-:jfi~U1 

2.2 1,r~L~'lI 3 ~~n ftl~fun1~(;ln11a\lUDfJ~~i't).r~~~llJH'LL~'l 8 u1:::;LJ1Yl1u-if'f) 2. 1 

011 A'VlLLtJnU1:::;LJ1YlL~'t)~I~l.hu~'t) (sorting) 

021 nmnlJ1Ull1'U:::;U1~ (storage) 1,x1:::;iJ~n1tru:::;n11nmnlJLL~::fll'U:::;U11" 

031 Ltl~.rVlCJ~lJYlI1\LLYlU (use as raw material substitution) 1,x1::1Jm::lJ'lun1 1\~1'el 

~ ~ 1'111 ('IJ-n 
, , 

,J ., II .cI 0... t\1I 4 '" 
032 "'\ln~lJ~'lIIUL~'t)n1~11\ (return to original producer for disposal) ~~1:::;iJ"l!'t)~'lI1EJ 

, ~ 

033 ~,m~lJ~'lIIUL~'t),jln~lJlulJn,,1~lJ~i't)1-D;1 (reuse container; to be refilled) 

1,x1::i.J~'tl~'lIltJ~flJ~U 

039 Uln~lJl-Jl1-D~I~'ltJ%~~1 (other reuse methods) 1,x1:::;iJ 
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041 Lihu;tlLvt~~V1~UV1U (use as fuel substitution or burn for energy recovery) 

.. 
042 Yi1L;tlLvt~~tJtUJ (fuel blending) 

043 LtJ1L~tlLtl1vt~~~1U (burn for energy recovery) t~1:;1J~m~tru:;n11Lc.J1 

044 Lilu.r~t1~UV1~UV1UtUL~1Lc.J1tlU;UJU[;] (use as co-material in cement kiln or . .. 
rotary kiln) t~1~tJ~VlJlru'" 

049 'hntt1J)'J11;tl1:;ttJ"lIutln~')tJ-:rfi~u1 (other recycle methods) 1~1:;1J 

051 L;1n1:;U,)Un11U1~')l'i1~:;~1un~1J).J11\uJ (solvent reclamation/regeneration) 

052 L;1n1:;1J'lUn11u1t~~:;n~u).J11~)'] (reclamation/regeneration of metal and 

metal compounds) 

053 L;1n1:;U,)Un11RU\'IJl1vtn1",/~h~ (acid/base regeneration) 

054 L;1m':;U,)Un11RU\'lJl1vt~'lLi~tJ!)mu1 (catalyst regeneration) 

059 ,j1~~tl!)IJ~~ffit)\'I~~hJl;ui\'')~U1 ntt1JRU).J1t~)..] (other recovery unlisted 

materials) 1~~1J 

061 ihU"'~'lu%;hJl1vt (biological treatment) 

062 ihU"'~'lU1fiV11~lfi\;j (chemical treatment) 

063 U1UCi\~,)U%Yl1~n1£JJl1Yi (physical treatment) 

064 U1UCi\~,)tJ%V11~LFl;jn1tJJl1vt (physico-chemical treatment) 

065 U1U~~1l~tJ~'l£J~fiV11~LFli1n1£JJl1Yi (physico-chemical treatment of 

wastewater) 
0-

066 L;11::1J1JihU~U1L~tJ1'l).J (direct discharge "to central wastewater treatment 

plant) 

067 tlfuL\'Ii1tJ),~'ltJ~fiV11~Lfli1 (chemical stabil ization) 

068 tlfuL~i1U1/~-;'~Yl1~Lfl;jt~tJt.r,L).JU[;]~1tl.r\'lCil pozzolanic (chemical fixation 

using cementitious and/or pozzolanic material) 

069 ~U1Uti1I~t.l1 L~tl~~f'i1fl'l1).JLilut1U~11U (other detoxification methods) 1~1::1J 

071 iI~n~1J(;l1).J~~n~'1I1ii1J1~ (sanitary landfill) L~Yi1::~~tlnlJ~~1tl.r~CiJ~hJl'LLi\'')~ 
'W LilU'1ltl~Liut1UIJI11tJ L Yi1JU 

072 iI~nfl1Jtlth~tl~tl~ntJ (secure landfill ) 

073 iI~n~1Jtlth~tlfltl~n£J Lritlvil n1~tlfu L~ i1m'~-;''tlvi11 '" Lilun'tluLL;~ LLi\''l (secure 

landfill of stabilized and/or solidified wastes) 
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07 4 L~nlhfnuluUil1Lt.J1'DU~i')hJ (burn for destruction) L~"'1~a,nJBfJ~~1tl1'~~~'W 

Hf U~')~'W LilU'Dtl'l L~UtlUJ;l11U L Yi1Ju 

075 Lt.J1li1~1uluLJ;l1Lt.J1L~"'1~~1~ftJ'Dtl'lL~utlUVlnu (burn for destruction in 

hazardous waste incinerator) 

076 Lt.J1li1~1u~,)lJ1ULJ;l1Lt.J1~U'UJUIJ! (co-incineration in cement kiln) 

077 tlr;,~~~,njtll~u ~ffiiu~ult1fYl~Lfl (Deepwell or underground injection; sea-

bed insertion) 

079 fh{r;,~')U~U1 (other disposal methods) ltX1~1l 

081 1'JtJ1'JlJUfl~ft'ltltlnUtlm.J1~LYlPI (collect and export) 

082 CllJYl~L~~1tl~~lJ (land reclamation) L~"'1~~'IuBQ~~1tltj~"l~'Wl,u~,)~'WLilu 
'!Itl'lL~UtlUVl11ULYhJu 

083 ~lTnli1~u~ffifl11Ufuut'lfiJruJl1"'~U (composting or soil conditioner) L~"'1:; 

~'IuBfJ~~1tltjfl"l~'WHut\'')~'W LilU'Dtl-.l L~ UtlUVl11U L Yi1JU 

084 Yi1tl1~11iJ;l1" (animal feed) L~"'1~a-.lUDQfl~1tltjfl"l~'t~1'LLt\'')~u,iLflU'Dtl''L~U 





1l1A~lJ'ln ~.1 m~U\ht~fl'l1J..1L,jJ..l,jlJ'-l1n lJ..llA~n1J..1/ij'ilaa91~ (~g/ml) 

LtllJ ijain1J..1/i~w (mgll) 

UJLA1nflJ/ijfl~~{;W = 10-6 nflJ 11 0.3 ~(;\1 

= 10-6 X 10
3 nflJ 1 ~(;\1 

::: 10.3 nflJ / ~(;I1 

= ii~~nflJ / ~(;I1 

_I ., ., 
1l1A~lJ'ln ~.2 m~Uu'il~A'l1J..1L"1IJ..I"1IlJ'-l1n 

'UJtA~n1)J/ij'ilaalJl~ (~g1ml) LtllJ ijain1)J/m'iln1)J (mglkg) 

~ ~ 

L~U1~')tUh'l 100 iifl~~(;11 ~'lU\l 

ri1~\lc;\1l\' ~,)LLtl1 A flt)1"11Fl,)1lJL;rlJ;r\l~tj~L;n\l~ti')tJ UJLfOl1nflJ/iifl~~[;W ~'l,r\l 

• 10""" '" 
1l1A~lJ'ln ~.3 m'lFl1lJ'lWfl1n1'il~~'UU~~'il~ 

= 100A 

= 100A 

LlJLFlrnflJ 

UJLFlrnflJ / 10.
3 nLflnflJ 

= (100 x10
3
)A LlJLFlrnflJ / 10.

3 
nLflnflJ 

= A x 10
5 

UJLFl1nflJ / nLflnflJ 

= A x 10
5 

X 10.3 nflfinflJ/nL~nflJ 

ri1~\lC;\ 1l\' ~,)LLtl1 B flt)f"l1~1~unnc;\~tjc;\ L~iJ~ti,)tJLi'J\l ~\l (ton) LLfl::: 

" ntllJ~')t)tJ1'lLi'J\lYlNfln1J1f'1n'nnc;\ 5 L'lI\l~UJ(;\1 ~'lU\l 
" 
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= B (~lJ) X 10
3 (iiXflnflJ/~\l) x 9.81 (LlJ(;l1/~\l1~j2) 

0.05 (UJ(;I1) x 0.05 (LlJ(;l~) 

= B x 3.924 X 106 il,)~WUJ(;l12 

= B x 3.924 x 1 0
6 tl1~ Fl1fl 

= B x 3.924 



.. " .. '!ItllJflYilJj1lJ 

- f.h1vh~1Rt'ltlfl1~~~U 3.12 1J1Vll1ltllnJ,)U (~1-l~-l.;rtll.Jfl'"l1nn1~1vh~1lJl"I~lH'l 'l-l) 
" 

-rh~-l1vh~1'tl-lfJUm'ru ~fl~-lCJf\l.J O. 75 nLflt)(;\~ 

121 

LI"I~-leJf\l.J (0.75 nLfl.r(;l~) x (5/60 i')Ll.J-l) x (3 . 121J1Vlvl'anLflt)(;\~-i')Ll.l-l) x 

(1/4.19 1"I¥-lvltlnLflnfl.J) = 0.046 1J1Vl~tlnLflnfl.J 
, , .. 

(1.5 nLfl.r~~) x (3 i')Ll.l-l) x (3 . 121J1VlvltlnLfl.r(;\~-i'lLl.J-l ) x (1/1 I"If-l " Vltl1J 
" 

r;ltlnLfl nfl.J) = 14.04 1J1Vlj;jtlnLflni1J 

~fl~~I'it'l'!llJ1t'l (O.3nLfl.rVl~) x (1 i'lLl.l-l) x (3.121J1VlvltlnLfl.r(;\~-i')Ll.l -l) x (1/5 
... 

Rf-lvltlnLflnfl.J) = 0.1 91J1Vl~tlnLflnfl.J 

LI"I~~1Jt'l.rf\t'l (0 . 37nLfl.r(;\~) x (15/60 i'l Ll.l~) X (3.12 1J1VlvltlnLflt)Vl~-i'l Ll.l-l) x . 
... 

(1/1 I"If-lr;ltlnLflnfl.J) = 0.291J1VlJ;JtlnLflnfl.J 
, , 

L~:;~'!Ith (0.75 iiLfl.r(;l~) x (4/60 i') Ll.l-l) x (3.12 1J1Vlc;itlnLfl.r(;\~-i') Ll.l-l ) x (1/1 
... 

I"If-lr;ltlnLfl nfl.J) = 0.156 1J1Vl~tlnLflnfl.J 

n1'iA ~'l1 ft1f'iil ,r..j1!1,f~\nJ (;l'l un1'iui j;l FlilU n "it;1tJ~il mJ'i::'lf1UtJ~U'itJ-a~ ~~1 .. .. ... 

= (0 . 0421J1Vl~tlnLflnfl.J) x (4 .24 nLflnfl.J ) 

= 0.178 1J1Vlr;itlntllJ 

= (14.041J1Vlr;i'anLflnfl.J) x (0.03 nLflnfl.J) 

= 0.42 1J1Vl~tlntllJ 

f'hH91U~tlntllJ'!Itl-1~~-lI'i~'!IU1~ = (0 . 0191J1Yl~tlnLflnfl.J) x (2.42 nLflnfl.J) 

= 0.04 1J1Ylr;itlntllJ 

f'hH91U~tlntllJ'!Itl-1~fl~-l1J~.rf\~ = (0.29 1J1Yl~tlnLflnfl.J) x (0.03 nLflnfl.J) 

= 0.009 1J1Yl~tlntllJ 

= (0.156 1J1Ylr;itlnLflnfl.J) x (4.24 nLflnfl.J) 

= 2.60 + 0.176 + 0.42 + 0.04 + 0 .009 + 0.661 1J1Yl = 3.901J1Vl 
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.. .... ~~ ....... 
111f1~U'ln 'i.1 'I'it).la~fl1~"'~Y1 ~'U ~U~1U'l"ltJ ... ~ 

J;l1~~~ ~.1 LL~~~rlfllt)~(;l~1fh.!~llJ~r.rtJ • 

~f'lfiln1'll 

pJ,.,filn1'll 

pJflliln1'll 

~flliln1'll 

pJflliln1'll 

pJflfiln1'll 

pJi,)Lf} 

pJ~,)Ltl 

tui,)Ltl 

.r 
tu~N~N 

.r 
pJ~WN 

zUti3~a1 

zUti3~a1 

zUti3~~1 

zUti3~a1 

zUti3~a1 

tu4'~~ 

~4'~ffi 

tu4'~fR 

ttl4'~fR 

ttl4'~ffi 

zUFlYl1 

pJfl'rl1 

tu fl'rl1 

zU fl 'rl1 

zUfl'rl1 

WI 6 '!Ill . ~lYlI 

WI 6 '!Ill . ~U(il~ 

w16 '!Ill. ~l~~tl~ 

W16'!1ll . ~~1 

W110 '!Ill . ~lYl1 

~U110 '!Ill . ~Ll.lil~ 

lN1 6 1lJ. ~LYlI 

W, 6 "!Ill. ~U(iI~ 

~U1 6 '!Ill. ~i\'ll 

WI 6 '!Ill. ~LYlI 

WI 6 '!Ill . ~LL(iI~ 

W16"!1ll . ~lm 

W1 6 "!Ill . ~i\'ll 

~UI 6 "!Ill. ~~'IJ11~ 
~UI 6 '!Ill . ~~, 

~UI 6 '!Ill . ~yh 

~U1 6 "!Ill . ~Lm 

WI 6 '!Ill . ~i\'ll 

W, 6 '!Ill . ~~I(;l1~ 

WI6'!1ll . ~~, 

~U1 6 '!Ill . ~yh 

W, 6 '!Ill. ~LYlI 

~UI 6 '!Ill. ~i\'ll 

~UI 6 '111-1 . ~~'(;l'~ 
~UI 6 '!Ill . ~~, 

~UI 6 '!Ill. ~vh 
oJ 

zU~a1~m~SUll ~tn 6 '!Ill . ~LYlI 

tu~fn~nll.'~Ull ~u16 '!Ill . ~i\'ll 

.. 
1Jl11"l1LL VH') 

1Jl11i1LL Vi/'I 

(;ll1i1U~fl 

(;ll1i1LL~fl 

.. 
(;ll1'!1LL~fl 

(;ll1;jLL~f'1 

1Jl11;jU~fl 

.. 
(;ll1'!1LL~f'1 

.. 
(;l11'!1U~ fl 

.. 
1il11"l1U~f'1 

.. 
(;ll1'!1LL~f'1 

zUf'la1~m~~Ull ~UI 6 '!Ill . ~~'{Jl'~ 1il11;!LL~fl 
zU~all1mll~Ull ~UI 6 '!Ill . ~~, 1il11;!LL~FI 

zU~all1mll~all \lUI 6 'IIll . ~yh 1Jl11;!U~f'1 

4.75 

6 .25 

.6 .25 

6.25 

8.50 

9 .75 

7.75 

9.50 

9.50 

8.25 

10.25 

9.50 

10.75 

10.75 

10.75 

19.00 

3.20 

3.80 

3.80 

3.80 

6.29 

5.50 

6 .75 

6.75 

6.75 

10.75 

5.25 

6.00 

6.00 

6 .00 

11 .50 
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... 
Ylr1tJ~~L~tJ~ ~n1J1f1\nUJ"'1fl~ 346.25 1J1Y1 

" 
UlJLn~~ 

, 
~ 1 fOt 1 1 ~ ~ ri ~ ~ 11,:) n lH Yl 'Yi l-J ~ 11.1 r1 ~ . 2551.1 ~ V) ~ ~ (;15 CU 'VI [online]. LL "Hoi ~ l1l-J 1 : 

... 
http://www.indexpr.moc.go.th/PRICE_PRESENT/tablecsUegion.html[2551 .l-JlJ1fOtl-J 24] 
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mC\!C\!11P1'lmnJPl1~!'Inrru-li!'l ~1'ln1'1l11P1'lmnJLUl'i1 ~'\.n1VltJ1~m.J~!'I~ Un1r~nM1 2549 

l'ih~nM1Iiltllu~~n~m1P1'lnn~Pl1~!'Ir~\nuru-li!'l ~1'.111'll11P1')mr~~~LL'l!'lft't)).J "pi1~~mnr 

~~11YltJ1~tllUnn1r~nM1 2550 1c1lfun1rRjflL~'t)mtlu~~~1u~4'tlL!'I!'IL~ULL~!'I~Lll~Lj;ltlf LL~::; 

So< I I o ... .., _ -' _ 

L'lJ!'In1UYi~LL~U fW~Yl 5 'lUYl 8-9 fiU,)1Pl~ 2551 
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