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bf11f11'W~'W Fly Ash '\I\1mf111;1f)tJ '\I\1f) Pulverized Fuel

Ash (bib1tJfl1'W5,Jn']'I~I-) bflin'iJlnfl1d'btJlf11'W~'Wb~mJ~l9lm::;bbfl

1y.Jyh bf11 f11'W~ 'W'iJ::;~ n~ inf) f) mJ1 1911aJ 1;1aJ1f)'Wb~f)f) f) nltJ ~U i:if),j Fl'J'W

'iJl mT'W 1?111?1niU'iJ::;d'11Jd1 aJ bf11 f11'W~'W b~ f) bnu 11l'W1'1111;1191f)1 U

1'W'tJ1,j m&~ btJl f11'W ~'W ~1 tJ f) ru'\l\.f1 iJ~,j fl,j n11'iJ in '\1\1;1f) aJ b'Y\1;11
q <u <u q

'IJf),jbf11f11'W~'W (Ud'::;aJlru 1500 °c '\I\1mj,jn11) bf11f11'W~'W

'iJ::;'\I\1;1f)aJ b'Y\1;11 bb1;1::;Ul,j ri1'Wiu n'W b'u'W n f)'W '\I\1f) dJ'W d"J in1'\1\ '1J~'W

.y111'11iJ~lmrnaJln bb1;1::;l9ln1;1,j~n'WbI9l1 ~,jb'1tJn11 bf11n'Wb19l1'\1\1f)

bf11'\1\1Tn (Sotto Ash) fl1d'tJ~I9lf1d::;bw1y.J~1~ld',j1y.J.yh~~,j,jl'W

Fl11aJ1f)'W bb~ baJ1 ::;i,jWJ in~lUl,j'IJ f),j f11 d'1y.J~1 e:Jl tJ tJ ~191uvi,j-

Ud'::;b'Yl A1 Y1tJ bif11'W~'W ~ n1 'WI~ldJ'Wb:gm~~,j fl1 n~ b'Y\~f)'iJl n fl1d'

btJlf11'W~'Wdud'::;nf)U~1mf11f11'W~'WUd'::;aJl ru1f)tJ1;1::; 80 bb1;1::;

bf11n'WbI9l1~nUd'::;aJlru1f)tJ1;1::; 20 l'Wu ~.A. 2536 Ud'::;aJlru

';hiJbf11f11'W~'W~n1'W1~1~b'Y\~f)'iJlnfl1d'btJlf11'W~'W~,j 3 ~1'W1?1'W[1]

bf11 f11'W~'W ~f) M11 bti'Wl flinU f)'1Il'1lm'W'1iU in '\1\~,j ~,j fllaJld'tl
q
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~ A~ .-
'iR. (Wi. 'lItJ 'iJ1@/'iWnn1j>nGl. .

m~?'lI1?R'Jn'i'iaJ ftJ1i1

aJ'IIl1?ntJ1;tJ m~ fU fGliJw'i~'iJiJaJ m;11iU'I;

~

bib ti'W riTW tJ flaJ'\I\ '1f) bb'Yl'W~~'W61h3J'l" ~'tJ1,j riTw1'W fl1d''I11 Flf)'W n'119l1~

bbl91 bf11 f11 'W ~'W ~bi'iJ::;bti'W 1 fl ~Uf)'1Il'1l1;11'W ~ ~ aJl mY f) tJ b~ tJ,j1in~'W

v v v, v """ v, Q V V V , ..
f) tJ nu Fl ru flaJU 19l'IJf),jbm m 'W'\I\'W'W'W in,j'W 'WU Y1Fl11aJ'W 'iJ,j'IJ f) nm1 m<u q

~ruflaJU~1911,j") ~if1RqJl9l1;1f)in'iJ'Wf11d'Ulbf11f11'W~'W1'1J1~,jl'W b~f)

bti'Wif) ~ 1;11'Wf11d'b~ f) n bb1;1::;Ulbf11f11'W~'W~ ~ 'IJ1~,jl'W 191f)1U

1'i't(;I1JiI'lIL'lI6I1'U.(Pozzolan Material)q

ASTM C 618 1'11Al~lninFl11aJ'lJmfl1d'Uf)'1Il'1lm'WH11

"flld'Uf)'1Il'1lm'Wbti'Wlflin~iJ~~ fl1 '\I\1f)~~fl1- f)::;1;1iJ'WlbU'Wm rl
q <u

Ud'::;nf)U'\I\ ~ n linmf1 1u bb~1flld'U f)'1Il'1l1;11'W'iJ::;1~ iJ ~ ru flaJU~

l'Wf11d'~inUd'::;fl1'W UI91f11fl1d'Uf)'1Il'1lm'WiJFl11aJ1;1::;b~tJinaJln") bb1;1::;iJ

~1 ~ b~ tJ,j~f) 'iJ::;fl1aJld'tl.yl1U~fl1tJ1 nu UFl1;1b'1!tJaJ1~ind'f)n1'1l~

'\I\1f)1911,j~f) ru'\l\.f1iJun~ .y111'\1\1~flld'Ud'::;nf)u~iJFlruflaJu~l'W fl1d'
q <u q

~inUd'::;fll'W"

1 fl ~u f)'1Il '1Im'W b~f) bitJ flaJ Flf)'W n'1I9l'iJ::;'I11U~ fl1tJ1 nu UFl 1;1-

b'1!tJ aJ1~ ind'f) n1'11~~ b'\l\ ~f)'iJl nu~ fl1tJ1'IJm~'W'1!baJ'W ~u f){19l bb1;1'W~

U ~ fl1tJ1 U f) 'Ill '1I1;11'WFl ~1 tJ nu U~fl1tJ1 'IJf),j~ 'W'1!baJ 'W~ U f) {19lU1;1'W~

bb191519ld'1fl1d'bfl inU~ fl1tJ1~1 n11 1?l,j,T'W~,jfl1aJld'tl1~lfl ~Uf)'1Il '1Im'W

b~f) 1;1in Fl11aJ1f)'W'lJmU~ fl1tJ1 1mind'i'W lin tJ b1id~l::;f) ~1,j ~,j1 'W,jl'W

Fl f) 'Wn'1I9l'IJ'W lin 1'\1\ ru'\l\1f) Fl f) 'Wn '1191'\1\m fll d'U f)'1I l'1l1;11 'W~iJf) ~
~ <u

1'Wd'j m 1Y1tJ1'WU1aJl ru~ Fif) 'Wil,j 3J1 n bb1;1::;fllaJl d'tlUlaJlbi,jl'W 1~

b"ll'W bf11f11'W~'W bb1;1::;bf11bbn1;1U bti'W~'W

~fUJfI1'W"lIiI~f11-aU 1bt11~1'U.i:4'U.3J1L4fll-a:: LtI~.u;

fl1d'bib f11 f11'W ~ 'W1'W,jl'W rif) fl11,j 1aJ1 "IIb~m1 '\1\~ bbl91f)~1,j h iJ

tVfi'i"!'o:a
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11 tJ\ll'W~b~ m nu fn1in bf11ril'W~'W~n li'bb'Yl'W\!'W6flb~'W~'T~tJ Davis

bb~:::fOlru:::[2J~\lbb~b~EltJ 'VtA. 2480 ~Ell~11btJ'Wfh)bb1n'llEl\lfn1

im f11 ril'W~'W ~1 H1U\ll'WfOlEl'W n1~ VI~\I~lmfu ~liJ\ll'W1<ijtJ

b~ m nu fn1in bf11ril'W~ 'W~1 H'th::: TmnHj n btJ'W~1'W1'W ~1 n bb~:::iJ

fn1in bf11 ril'W~ 'WltJl~ 'W\ll'W ~1\1 btJ'W ~1'W1'W ~1 n ~1 tJ b'll'Wn'W

bf11 ril'W~'W l~i.n lUl~'W\ll'W fOlEl'Wn1~~1 n n111'W\ll'W'1iiJln~'W

~1mVl~f.J~ 2 'lh:::fn1AEI 'lh:::fn1bbJn bf11ril'W~'WTlntJ~%JiJElElnl'li~
q

QQ Q '" cl 1 .. , .J'
'lIEI\lulf?l'li~fn EI:::~~'Wl bb~:::bVI~n'li\lElEln 'li~'lIEI\lulf?lbVI~l'Wq" q

i.11~11'l'Yn UlJ f11mU EI'liT'li~lU 1~~ UlJ f11mU EI'liT'lim ~:::'II1tJ

b~~ fn~\l51n fOlEl'Wn1~1'11 i.1\1~'Wb~ ElHbf11 ril'W~'W ~iJ fOlrum~ ~ bb~:::" q

1'WU1~lru~bVl~1:::i.1~ U1:::fn1~i.1E1\! b~EI\!~lmtllril'W~'WEI'4mfOl

~roiEI'W~1\1 b~ n~:::b ~ tJ In bb~:::btJ'WdJ ~ n ~ ~ ~\lJ 'WEl'Wf11 fOlbVI~hd'
q

b~EI f.Ji.1~1'W fOlEl'Wn1~~:::b~11u bb'YldnEl ~1'W'IIEI\!11\1 b~ n ") 1:::Vl11\1

U'W6flb~'W~ 'YldltJ bb~:::~'W fn1~bf11ril'W~'Wb'ihlubb'Yldn~1mj" "

1'W'11El\I11 \I'll El\! fOlEl'Wn1f?l~:::rn 1 '11fOlEl'Wn1~ bb'l1'W~'W bb~:::b~ EI\I~l n

bf11 rilU~'WiJfl'W~l'W btJ'W'YlJ\In~ ~~:::rn I'll fOlEl'Wn1f?liJ fn1~'W1V1 ~

M~~'W 'WElmlnii tT\lrnl'11fn1,j~Vl1m'YlfOlEl'Wn1f?l~\l1'WbbuurnM

i.1:::1n1n~'W~n~1tJ[3]

b~EI f.Ji.1~ bf11 rilU~'WU1\1rl1'W b~11u1'W rl1'Wf.Ji.1~ fOlEl'Wn1f?l

fn~\l5InfOlEl'Wn1f?l~m~~'W 6J~:::~1~\I iJ11tJ\ll'W11fn1Hbf11ril'W~'W

bbUU Class F bb'Yl'W~\!'W6flb~'W~{EltJ~::: 30 ~:::rn1'11fOlEl'Wn1f?l

~mtJ 1 1'WiJroilb~tJ\I{EltJ~::: 50 'lIEI\!fn~\l5InfOlEl'Wn1f?l1'Wrl1'W
q

f.Ji.1~b~mn'W m~'rlb f11ril'W~'W fn11i'bf11 ril'W~'Wbb'Yl'W~\!'W6flb~'W~

1'W5f?l11{EltJ~:::25 bb~::: 35 ~:::rn1'11nl~\l5InfOlEl'Wn1~~m~ 7 1'W

i1roilU1:::~lru{EltJ~::: 75 bb~::: 65 f?l1~~1~Ub~mU1tJUbritJU

nu fOlEl'Wf11~~hi1i'bf11 ril'W~'W bb~11 roilnl~\l51n fOlEl'Wn1f?l~f.Ji.1~

bf11ril'W~'WbVlcilii~:::iJroilb~~~'WbtJ'W{EltJ~:::90 bb~::: 85 f?ll~~l~U

'IJEl\Inl~\l51n fOlEI'Wn1f?l~laJ iJ bf11 ril'W ~'W f.Ji.1~ El~ b~ ElfOlEl'Wn1f?lii"

"

iJm~ 6 b~EI'W bb~:::iJbbU1TU~~b~~~'Wb~EltJ") fn1Hbf11rilU~U

~iJfOl11 ~ ~:::b~ tJ 1ni.1\1~:::i.11 ~11f1 bbnu rum nl~\l51n~ ~1'l1 El\! fOlEI'Wn1f?l" ~

1'W'II1\1m~~'W ")M

.. '" I Q
~113J6I:: LiItJ6I'lIiI~ Lm m\t '\II\t

bf11ril'W~'W Tinmt1 lu~:::iJ fOl11~~:::b~ tJ~~l nn11\!'W6flb~'W~

~ n ~ru:::rt1 lu~:::b tJ'W1U'Yld\l n~ ~ iJ'lI'Wlln b~'W~1'W A'W~ n~l\1 ~\I bb~" "

b~nfdl 1 1~TfOl1b~f?l1(0.001 ~~.) ~'W~\I 0.15 ~~. 1U~ 1"
, <V, Q cl ,<V " Q

bbi.1In\li11~m tJ'IJm tJ'lIEI\Ibm m'WVI'W 'li\l~:::~Udl bm m'WVI'W

T~tJrt1 lu ~:::iJ m\l n ~ ~ ~'W rl1'W bf11ril'W~ 'W~iJ'lI'W11n1VIqj bb~:::m~iJ

btllril'W~'W 'lI'Wllnb~n6J EI~i11tJ1'W b1tJn11bf11ril'W~'Wn~1\1

(Cenosphere) ~\li1t11V1,ymU1bb~:::~EltJtl11~ ~n~ru:::'lIEI\!bf11

rilu~'Wn~1\1bbi.1In\ll'W1U~ 2 1'WU1\1fOl{\lbf11ril'W~'Wm~m~iJ1u" "

~l\1btJ'WbVI~tJ~bb~:::~1'W (~\l1U~ 3) ~\lm&ii~:::rn1'11fOlEl'Wn1~q "

~f.Ji.1~ bf11 ril'W ~ 'W'1iiJ~ii ~ El\If11 1U1~1 ru tll1'W rl1'W f.Ji.1~ ~1 n~'W

~\lm~rn1'11fn~\I'lIEI\IfOlEl'Wn1f?l ~~~\ll~ 'WEln~lniitT\I~U11fOl11~

~:::b~ tJ ~ bb~:::1U~l\1'l1E1\! bf11 ril'W~ 'W tT\I~'W El~ nu fn1U In ril'W~ 'W~~:::" "

inlubf.Jl '1iiJln'llEl\!bfOl~EI\!U~ bb~:::'1iiJlPl'llEl\!bf?llbf.Jl ncil1AEI f11UIn

,Q .. .,r 1 <v, ~
m'WVI'W~:::bEltJlPl~ln'll'Wbb~:::bf.J1 VI~ Elm\li.1~u1ru b'Wbf?llbf.Jl ~:::"

rn 1V11~btllril'W~'W~iJ fOldl ~~:::b~ tJ 1ni.1\1n11 b~ ElHril'W ~'W~u IPl"

VImu n11V11E1 bf.Jl1V1~1~hii.1m.!1ru TlPltJbQ~1:::EI~l\1~\l1'Wm&~

bf.Jl1V1~laJi.1~UJru~:::iJ ril'W~'WU'WEI~ btJ'W~1'W1'W~ln ~\ITlntJrt11u" "

bb~1 ril'W~'W ~u In~:::b~ tJ 1n~:::iJ'IJ'WlIn1 ~ qj n11 bf11 ril'W~'W ~1 n ~\lJ'W

fOl11~ ~ :::b~tJ In'llEl\!bf11 ril'W~'W ~\I~'W nuu ~<ijtJVI m tJU1:::fn1~1 tJn'W

'" , d "'.. .. <V, Q
f?l1E1m\l'Yl~UnfOlEl f.J~fn1'YlIni.1E1UfOldl~~:::bEltJ In'llEl\! bfl1f11'WVI'W

~1'W1'W 12 ~1E1~l\1~bVljjEl\!bbaJb~1:::TlntJ1IT Blaine ~U11iJfOl11~

~:::b~tJIn1'W'II1\1 2130 f1\1 3650 'li~.2/n. ~\lfiEl11iJfOl11~bbf?ln~l\1nU

roiEl'W~l\1~\I bb~EI~l\1 hfif?l1~\ll'W1<ij tJ b~ m nu b~EI\!fOl11~ ~:::b~ tJ IPl

711;{1 u11fhuuu711i1.3n1ilaJ" " 711;{ 2 U11fhuuun1il?<3 (Cenosphere)" 711;{ 3 u11fhuuu711i1<3,fJumi/tJaJaJaJ" " .

tVfi1i:n;r



'1Jf)\j l f11 riTW ~ 'W!?1f) rl1 ~\l5 ~ f01f)'W n1~ ft'm1'Y1 qj ll~'"H1f) ~ f01~ f)\j n'W

mhl Af) 'Y11mtll ril'W~'WiI f0111aJ~~l£jtJ~~'WIiJ~r111,xnl ~\l5 ~

f01f)'W n11n ~\I n11 f01f)'W n11n~1ib f11 ril'W ~'W~'Y1 m1J n11"

eHI~1I'i::mnJ'YI1.:J b~3j

m r1'lh:;n El1J'Y1~ mJ1,:Jbf01i1'11El\! b f11 fiTW~ 'W AEI 'ir~ f3IEI'W l~EI El 111 '1f ~

(SiO), f)~~ii,raJf)f)n1'1i~(AI 0) bb~~b'l"lf)1'1f01f)f)n1'1i~(Fe 0 )2" 23 23

5 1n11ftl'W'1Jf)\jf)f)nl'1i~rf\l 3 '1f1J~1iJ~bb'lhbtJ ~tJ'W11..1tn1aJf) ru'Y1i1ii. "
~i11~bb1~~f)aJ'1Jru~bt:-Jl bb~~'1f1J~'1Jf)\lril'W~'W~1ibt:-Jl~ltJb'Y1~if

ASTM C 618 ~\l1~bb~Jf1tJ1~bi1'Yl'1Jf)\lbf11ril'W~'WH 2 '1f1J~ Af) Class

F bb~~Class C l~tJ Class F ilmaJlru SiO +AI0 +Fe 0
223 23

aJlnn';h1f)tJ~~ 70 l~tJ~l'Y1,rmb~~ Class C liJ~iltJ'1aJlru'1Jf)\I

f)f)n1'1i~!?l\ln~11 1~'Y1rjl\1ff)tJ~~ 50-70 l~tJ~l'Y1,rn ftl'W1'Y1qj

bb~lril'W~'W~n1'W~ (Lignite), ~UU'Ylii,r~ (Sub-bituminus) bdf)"

bt:-Jlbb~11iJ~1,xbf11ril'W~'WClass C ftl'Wril'Wi1'W'1f1J~bbf)'Wml1'1i~

(Anthracite), iJ'I;]ii,r~ (Bituminus) 1iJ~1,xbf11ril'W~'WClass F

ihwf1J h\l\ll'Wt:-J~ Inm~bb~l'1"1yh f). bbaJbaJl~ 1iril'W~'W~ n1'W1~lLi:i'W

11n~~1J1'Wf1111,xf0111aJ1f)'W bb!?1bf11ril'W~'Wm~ilrf\l Class F bb~~

Class C f111Ylbf11ri1'W~'IJliJlmb'Y1~\lb~mn'Wbb!?1fllaJl1t:l~1J

bf11ril'W~'W1~rf\lClass F bb~~ Class C btJ'Wb~f)\ltJn~h~11~

ril'W ~ 'WbtJ 'W1 ~ ~ Li11aJ'1fl ~ iI bif f)1aJ ~~1 b~aJf) f01ru ~aJu~'Yl1\1. .
f11 tJi11~ bb~~'Yl1\1 bf01i1£if) aJ btJ ~tJ'WltJ bb!?1l~ tJ~1tJn Amf11 ri1'W~'W

m~liJ~btJ'WClass F 'Y11f)Class C !?11\1nilAntJi11~bY;tJ\I~f)

~1iJ~i.n 1tJ1~'W\ll'Wf01f)'W n11n

lIfifi~!J111f}'1Il'11i11'U.(Pozzolanic Reaction) ~f}.:Jbli'1~l'U.~'U.

f0111aJ ~laJl1t:l'1J f)\I bf11 ril'W ~'W 1'W f11111aJ!?l1 n1J bbf01~b~tJ aJ

1£1~1f)n1 '1i~b~f)rl1tJ~ fl'1mtJ f)'1iI'1im'W 1iJ~~'W f) ~n1J f0111aJ ~~b£j tJ ~

'1Jf)\Ibf11 ril'W ~'W Af) btll ril'W~ 'W~iI f0111aJ~~b£j tJ ~ aJl ntJ~ fl'1m

liJ~bfl~~'W1~b11 n11 bf11ril'W~'IJ~iI f0111aJ~~b£j tJ ~~f)tJ n11 bb~~1'W

rn'W f)\I b~ mn'W bf11 ril'W~ 'W~iltJ'1aJl ru1f) tJ~~'1Jf)\I f01111J f)'W ~1 nliJ~iI

f111~ l?)J'Wl nl ~\I hill b'li'Wn'W f0111aJ111 'Wf111rntJ~ fl'1mtJ f)'1iI'1im'W

maJl1t:l1~lrffi~tJ1i~h!?l'1fijnl~\I (Strength Activity Index) Af)

Strength Activity Index with Portland Cement = [A/B]x1 00

l~tJ A = nl~\l5~'1Jf)\jaJf)1~11~bb'Yl'W~~'W~baJ'Wl?l~ltJ

bf11ril'W~'W1f)tJ~~ 20

f1~f1Dlf01~-~'IJ~l~'IJ 2542

B = nl~\l5~'1Jf)\laJf)1~11aJlln1~1'W~laJilbf11-

ril'W~'W

ASTM C 618 l~nl'Y1'W~rjl!?l'1fijnl~\I'1Jf)\jbtllril'W~'W

rf\l Class F bb~~Class C laJf0111~ln111f)tJ~~ 75 '1Jf)\laJf)1~11

aJlln1~1'WYlmtJ 28 1'W~ .

m~m'W fl11b fl~tJ~ fl'1mtJ f)'1i1'1i~1 'WliJ~bfl~~'Wi11 tJ'Y1 ~\I

tJ~fl'1m 1m~1i'W 'Y1~\lliJlntJ~fl'1m1mmi'Wbfl~~'Wbb~11iJ~rn1,x

~'W~baJ'Wl?lil~f1'I~ru~btJ'W'1Jf)\jb'Y1~li'W (Cement Gel) bb~~1'W'1Jru~

'" v.,r = .I.,r =..
b~mn'W'WIiJ~bn~m1u1~nf)1J'1J'WaJl 2 '1f'W~ f'lf) C-S-H bb~~

Ca(OH) 'Y1~\lliJlf1'lf'W Ca(OH) rntJ~fl'1mn1J SiO bb~~AI02 2 2 23

~iI f) li.il'W bf11 ril 'W~ 'W1,x ~11tJ 1~n f) 1J ~iI f'Jru ~ aJ 1J~1 'Wf111 ~ ~ 'lh~~l'W

. 'I v'" .. ..'" 'I" ",.,r
'I'll b'Y1'1ibaJ'WInb~ ~ InaJ f'l11aJ~laJl1t:lb 'Wfl11tJ ~tJ1~~1'W ~'1J'Wbb~~

f0111aJ~laJl1t:l1'Wnl1f1Jnl~\l5~'1Jf)\lf01f)'Wn1lnliJ~~~'WlnlaJ1tJ~ltJ

fn'i ~';hlll~l'U. ~'U. ~ 'U..:Jl'U.r1f}a;l.:J'VI:;f}.:Jl'U.~f}'U.f1;(;}

f1111ib tll ril'IJ~ 'W1J1\1ftl'W t:-J~aJ1 '1.1f01f)'Wn1lnliJ~Y111,x f01f)'Wn11n

b'Yl1~~1tJ~'W bb~~~ ~mm ru~l~liJ~ 1i1J1\1 ftl'W bd mYl tJ1Jn1J f'lf)'W n11n

Li11aJ ~1 ~btJ'Wb'li'Wifb~11~b f11ril'W~ 'Wl~ m.tl1 tJ btJ'W1tJm\l n~ aJ"
, v

bb1\!b~tJ~'Yl1'W1~'Y111\1f)'Wi11 f'l~\I ~1 'Wf) f1IiJl nij ~\! ~laJl1t:l~ ~f111.
bbtJnI?11'1Jf)\lf01f)'Wn11n ~~f111~aJ l:.h'W'1Jf)\I~11'Wf01f)'Wn11n ~~ f'l11aJ

1f)'W~bfl ~liJlntJ~fl'1mlm~1i'W ~~m ~f111f1f)1?11'1Jf)\If'lf)'Wn11n

f) f) nltJ bb~~~laJl1t:l~ ml f'l1'1Jf)\If01f)'Wn1ln1,x~1~\!M i11'Y1f1Jim~tJ

'1Jf)\lf1111ibtllril'Wi1'W n Af) nl~\!5~~m~ ~'W ")1iJ~~ln11 f'lf)'W11111l

Li11aJ ~1 bb~~fl11UaJ f01f)'Wn11n~iI bf11 ril'W~'Wf) ~ nil f0111aJ~1 b'i:i'W

aJlnnrjlf01f)'Wn1lnLi11aJ~1

!?l\l.J'W'Y11 n ~f)\j fl11i.n bf11 ril'W~'Wl tJ1ib~ f) bb'Yl'WtJ'IJ~baJ'W ~"

1Jl\1ftl'W bb~l~\I~l btJ'W~i11 fi'ru nAf) ftl'W ~~aJm~ f'l111iJ~iI f'lru~aJ1Jll" .
b'YilbYltJaJn1Jf1111i~'W~baJ'W~~1'IJ") ,T'WAf) f111~I?)J'Wlnl~\!5~

f01f)'Wn1lnmibf11 ril'W~'W f'l11i1 ~h 1n~bAtJ\I 'Y11f)f)tJI,'W~h~tJf)aJf1Jl~"

bdf)ilmtJ 28 1'1.1 bdmmtJ1JbYltJ1Jn1Jf'lf)'IJn1InmaJl~~~aJbf11ril'W~'W.
'Y11n ~l.u\l'Yl1\1 ~1'W11 f'l1 ~1 tJ bb~l f111ii tJ~1J11 f1111ib f11 ril'W~'W

1iJ~~laJl1t:ltJ1~'Y1 ~~11 f011 f01f)'W n11n1~1111f) tJ~~ 25 bdmmtJ1J bYltJ1J

n1Jf1111if01f)'Wn1lnLi11aJ~1 bbln1~tJrtl") 1tJbb~1 ACI226[3] bb'W~i.nrjl

f01111ibf11fil'W~'W Class F 1'WmaJlruff)tJ~~ 15 ~\I 25 l~tJ

~1'Y1,r n'1Jf)\I~'W~baJ'W l?l1Jl n n1Jbtll tl1'W ~'W bb~~~laJl1t:l b~ aJ~'W btJ'W

1f)tJ~~ 15 ~\I 35 1'Wmru~1ibf11ril'W~'W Class C bb!?1f1111i

btll ril'W~'W1'WtJ'1aJl ru~ aJl nliJ'W bfl'WltJliJ~Y111,x f'lf)'W n11n~1~iI nl~\!

tllfnfl'~
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13'1n~,tJ' fl'iJ'IJli\ll'IJ1:JJhlrnl'IX I91E1\1r1\1f'1fJ'IJn11n'11lnJ'IJ 1tJ~\I dJ'IJ ~m L~tJ
q

:lJlnn11~1;1~

Lane LL1;1::: Best[4] 'V'mlmtJf11f'1fJ'lJn1~1'IXiirl1~\I~\I:!'lJTlntJ

liLt11 tll'IJi'1'IJ LL1;1:::tJ'J:::~'IJf'111 tJ iil L~~ LQ'l'n:::m'JL~:IJ Lt11 tll'IJi'1'IJ 1;1\11tJ

b'IJ rlTLJ~~:IJ'1JEI\I f'1fJ'IJ n1~ rll'IJ m'JLL'Yl'lJ~tJ'lJ~L:IJ'lJ1?11911mt11 tll'lJi'1'IJ"

u\l1:JJtJ'J:::~'IJf'111tJiil L~~ L~'Jl:::~'lJ11 m 'JbiL t11tll'IJ i'1'lJLL'Yl'IJ~

tJ'IJ~LtJ'lJl?1ii~lnEJfJ'IJ~m~OOJ'lJl fn~\lb'IJ'lil\1 ~tJl91'IJdJ'lJ1tJfJ£1l\1iltJln" q

MukhergeeLL1;1:::f'1ru:::[5]bi~l'J1;1lnmtJ,ru~'~LA~ (Superplasticizers)

~~tJl'IJ Lt11tll'IJi'1'IJ f'1fJ'IJn1~L~fJ1;1 In~ InEJfJ'IJ'1JEI\Im'J'I4' OOJ'lJlrl1 ~\ll'IJ

'lil\1m~I91'IJ ")tJ'Jln!)11m:IJ1'Jf:1f11b'IXm'J'I4'00J'lJlrl1~\lb'IJ'lil\1LL'Jn~:!'IJ

m'Jb i~~ n1~:IJ ~ ~tJ nu Lt11tll'IJi'1 'IJL~ f) L~ tJ m'J'I4' OOJ'lJlrl1 ~\I'1Jf)\I

f'1f)'IJn1~tJ'Jl n!) LU'IJ~1;1~ L'Ii'IJn'IJ n1'JbiLt11 tll'IJi'1'IJ~iitJ~tJl ru

LLf'1m'1ftJtJ~, (Class F) LL1;1:::Lt11tll'IJi'1'IJ~iitJ~tJlruLLf'1m'1ftJtJ~\I. "

(Class C) ~l\1iir!nWll~~fJtJlJ11~mtJfJ'1iT'1i1;11'IJbf11;tLi.1mn'IJ. , ,
iilV11'IJ Lt11 tll'IJ i'1'IJfiiitJ~:lJl ru'1JfJ\I LLf'11;1L'1ftJtJ ~1~'lJ11 1?l'11\Jrl1~\I

liJ:::ii f'111:IJ ~tJ 'I4''IJtITlntJ~'J\I n'IJtJ~tJl ru ~ Inrll'IJ '1JfJ\Im~il1 f'1~ ii 1'111tJ

I;1:::L~tJln'l!fJtJn1110 1tJf'1'JfJ'IJ AfJ~\liif)'lJil1f'1~1;1:::L~tJlnfJ£1tJlnq "

fOh ~'11\J rl1~\I ~\I ~\I rll'IJ Lt11 tll'IJ i'1'IJ~ iitJ~tJl ruLLf'11;1L'1ftJtJ ~\l1:JJ~'IJ" "

mltJ~tJ'I4''lJTII?l\ln~11

fmbiLt11tll'IJi'1'IJ Class F ~rolln'1J'lJllnl'IXL~n1;1\1~'lJiifOmtJ

1;1:::L~tJln Blaine 7844 '1itJ.2/n. (L~nn11 51tJf'1'JfJ'lJ1fJtJ1;1:::90) LL1;1:::

Blaine 11241 '1i:IJ.2/n. (L~nn11 5 1tJf'1'JfJ'lJ1fJtJ1;1::: 93) L~fJbi

'YllnLL'Yl'lJ~~n1~ tJb'IJf01f)'lJ n1~ rl1~\I ~\I ~ 1;1tJ'Jl n!)11b'IJ'J:::tJm 1;11

71'IJLL'Jn f01fJ'lJn1~~~~tJLt11tll'IJi'1'IJiirl1~\l13'1n1:JJtJlf1Lrllf'1fJ'lJn1~

~~:IJ~~m'V'JtJ LL~~:::bmlL~tJ\ln'IJf'1fJ'lJn1~:IJ1~'J~1'IJ LL1;1:::il1tJVI~\I" ...
~ .. d ..., = d.. .. . v

IiJln'IJ'lJf'1fJ'lJm~'Yl~~:lJLmm'IJVI'IJ'YltJml:IJ1;1:::LfJtJln Blaine L'Ylln'IJ

11241 '1itJ.2/n. iim'J'I4'00J'lJlfn~\l13'1n~~LL1;1:::~m~28 1'IJ ~:::ii

fn~\l13'lnLu'IJ 1.09 Lrll'1JEI\If'1f)'lJn1~~~tJ~~m'V'JtJ LL1;1:::LU'lJ1.11 Lrll"

'1JEI\If01fJ'IJ n1~tJl m~l'IJ L~ fJbiL t11 tll'IJi'1 'IJ LL'Yl'IJ~tJ'IJ '1fL:IJ'IJ~' 'IJ 5 ~'Jl... "

ffJtJ1;1::: 15

nl 'JA n~l Lt11 tll'IJ i'1'IJ~1 n LL:JJL:lJl::: LL'Yl'IJ~tJ 'IJ~ LtJ 'IJ 1?1"

tJ~1~LL1;1'IJ1?1 tJ'J:::Li1'Yl~ 1 b'IJ13'~'J1~h'IJffJtJ1;1::: 20 TlntJ~,V\'wn'1Jf)\I

~'IJ'1fL:IJ'IJ 1?1~'lJ11 L~f) fnVl 'IJInfOhn1'J1 VI1;11'IXf01\1~~:::bitJ~tJl ru~, ~fJ

1 ~ IntJ'J:::~l'IJ~'l! fJ tJ1;1\1b'IJn1'J~~:IJ :lJf)119111 Lt11 tll'IJi'1'IJ~ ii 1'111tJ
q

1;1:::L~ tJ In~\lm :lJl'Jf:1 b'IX rl1 ~\I hl~\I nil Lt11 tll'IJ i'1'lJ~ii f0111:IJ 1;1:::Lfl tJ In" "

~,[6] m'J'IJ In Lt11 tll'IJ i'1'IJ~VI m'IJb'IXii f0111tJ1;1:::Lfl tJ 1n~\I:!'IJ ~ltJl'Jf:1"

L~ tJ m'J1u rl1 ~\l13' 1n'1JfJ\I tJ f)11911'D'IX ~\I:!'lJll91 J'IJ A fJ tll~\l13' In'1JfJ\I

1

tJ fJ119111LLtJ'J~'IJ ~ltJ f0111tJ1;1:::LfltJln'1JfJ\I Lt11tll'IJi'1'IJ ~biLU'IJ rll'IJ

~ ~tJb 'IJn1'JLL'Yl'IJ~~'lJ'1fLtJ'IJ 1?1 fOh1?l'11\Jtll~\I'1JfJ\I :lJf)119111L~f)bi

Lt11tll'IJ i'1'lJVImu 1:JJ~1'IJ m'Ju Inii fOh~, ni, tJ fJ119111tJl ~'J~I'IJ ~\l1:JJ

LVltJl:::~~:::ih 1tJ1m'IJ\lI'IJf01fJ'IJ n1~ rll'IJLt11tll'IJi'1'IJVI mu~in:lJ1uln

b,xii f0111tJ 1;1:::LfltJ I7l~\lf11b 'IXI'h 1?l'11\Jrl1 ~\I ~\I ni, Lt11 tll'IJi'1 'IJ VImu" "
. ...

LL1;1:::~\If1dl tJ m~l'JtJl ~'J~I'IJ 1nl tJ" ...

m, Loj{U;{1~1'\.1,,"'\.I, L'\.I,.31'\.1,~eJ'\.I,n:;~mh~.:Ia.:l"

VI~ n m'J-rrl1 tJb'IJn1'J~~ MfJ'IJ n1~ rl1~\I~\lAfJ n1'J1;1In"

mtJl ru~,mm'IJ m'J~~:IJ f01fJ'IJn1~b'IX~'1;1\11'IXtJ, n~~ In Lrll~~:::f111191

TlntJ 1:JJf11b'IX f01f)'IJn1~ ~ ru L~tJ f01ru ~:lJU~b'IJ1911'IJ n1'JL'YlVl1f) L11In n1'J" ~ q

LLtJf1!?ll tJ~tJ,ru~,~bi~:::iifOhtJ'J::::lJ'ru 0.25 ~\I 0.35 TlntJ~,V\'wn

'1JEI\I~'IJ'1fLtJ'lJl?1tJ~tJ,ru~I'1J'IJ'lnd~fJ1'~':IJ,n L~'Jl:::t11bin'IJ\lI'IJ

Tin tJ-rrl 1tJ LLGi'l~:::1:JJ~1 tJl'Jf:1 ~~tJ f01f)'IJn1~ 1191 I?l\lJ'IJ~\lI91E1\1bi~I'J

1;11n~'V11fJm'J1;1 In~'~ LA~Lil'1il tJL~ fJ1;1Inf0111tJL~tJ Inm'IJ'J:::Vl11\I ~1

'1JEI\ItJ'IJ'1fLtJ'lJl?1mltJ LL1;1:::i'1'IJb,x~'1;1\1 f1'b,xf01fJ'lJn1~bi~,'l!f)tJl;1\1"

b'IJ'1Jru:::~f0111tJi'IJ mm U\liil'il Lrll L~tJ 'IJf)n~1 ndL~m~ In'lifJ\l11\1L~n ")

b'IJf01fJ'IJn1~b,x'l! f) tJ1;1\1~\l1~i~1'Jvn n~~ n1'V'J:lJVl1fJ Lt11tll~'IJ" "

~~tJ Li,1tJ 1911tJ b'IJ'J1tJ\ll'IJ L~mnu f01fJ'IJn1~tl'~\I~\lii'V11umf01''J"

'J:::yhl'IJ'lJf01'J~f011Tnll91'J:::U11 191E1\11iLt11tll'IJi'1'IJ Class F l'IJm'J
q -

~~tJ L~fJf11 f01f)'IJn1~ fn ~\I~\l1911 tJ LVI~~ 191fJ\IbiLt11 tll'IJi'1'IJL~'JI:::
" q

tJ lJ 11~m tJf)'1iT '1i1;11'lJ~:::L~tJ tll ~\l5 InL~fJ f01fJ 'lJn1~ ii m ~ L~tJ:lJl n:!'IJ

LL1;1:::'1J'lJllnfJ'lJil1f01~L~n" '1JEI\ILt11tll'lJi'1'IJ~:::ltJfJln'lifJ\l11\1~iifJtJ"l'IJ
q J q"

f01fJ'IJ n1~1,x 1;1In 1;1\1[7]

Chatveera LL1;1:::Nimityongskul[8] l~i~I'J1;1In~'~LA~nu

Lt11tll'IJi'1'IJ1iJ1f1LL:JJL:lJl::: L~fJ ~~ ~ f01fJ'IJn1~tll~\I~\I LtJ1tJU LfitJunu"

f01fJ'IJn1~~bi~~ m'V'J tJ ~U11 m'J liLt11 tll'IJ i'1 'IJ~::: 1'IXfn ~\l13' In~ fJ £1" "

1'IJ Ln ru<r1~ tJ f) :lJ1U 1191'JltJ ~\I'Jl f011'1JfJ\If01fJ'IJn1~~ ~ n ni, f01f)'lJ n1~

~f111911tJ~~m~tJ ~tJ'J:::L'YlALLf01'IJllnl'tJ'nl~tJ~ CAN M ET[9] l~i
~1'J1;1In~' nu Lt11tll'IJi'1'IJ1'IJtJ~tJlruff)tJ1;1:::40 TlntJ~'V1'tJ'n'1JfJ\I

tJ'lJ~L:IJ'lJI?1UdnnU~,1I91f01f)'lJn1~~iil'iltl'~\l51n~mtJ 28 1'IJ" q

LrllnU 500 nn./'1itJ.2 m'JbiLt11tll'IJi'1'IJJ'lJLU'IJ~tJfJtJ1Un'IJ11

LVItJl:::~tJ LL1;1:::f011'JbifJ £11\1~\lb 'IJ\ll'IJ'1JEI\I f01fJ'IJn1~ tll ~\I ~\I LL~~\lVI~\I"

~1 Al mVl1fJ ~ L~ mi fJ\If011'J~Ii1\1~\lb'IXtJl n n Af) f01ru~tJU~'1JEI\I" q

f01fJ 'IJ n1 ~ rn ~\I ~ \I~ ii rll'IJ ~ ~tJ'1J fJ\I Lf11 tll'IJ i'1 'IJ fJ £1 LL1;1:::L~ fJbi" "

Lf11 tll'IJi'1'IJ b'IJ m'J~~tJ f01f)'IJn1~LLGi'1 f011'J~:::b,x ~1;1m\lr?i'I'IJUdn ~fJ

f01fJ'lJn1~ J'lJAfJ Lf11tll'IJi'1'IJ~bir?i'EI\ILU'lJLf11tll'IJi'1'IJ~ii~ruil1~~

tVfi1fl1"a



bb~::;brlm:n1tJ'li'YlnA{\l1aJ':hl'W\ll'WAfJ'W n1I91Li":i":iaJi?11 Vl1fJ AfJ'Wn1191
q

rl1 ~\I \1\1~fJ\I1 'IXC-J~m\l ~1'W ~ ~EJ AEJ'W n1191 b~aJEJ

f11":i\n bf11 ell'W ~'W'<iIl n b\ll yJv.h bbaJ baJl::;~J1 bbtJ n'IJ'lJli?1 ~'J tJ

d ".. ",= .. d..
bA"JEJ\IAir Classifier bb~'Jb~EJf1bmm'WVI'WmlaJ~::;bEJtJi?1~\I'1i\laJ'"

'IJ'Wli?1EJ'Wi11A b\J~m'Yl1 n'IJ 2.8 1aJ A":iEJ'lJaJl bb'Yl'IJ~tJ 'W~baJ 'W171
q '"

1'Wf)I9I":il~'h'IJ1EJtJ~::; 15, 25, bb~::; 35 li?1tJ,:!lV1-W n'IJfJ\I~'W~baJ'Wl71

b~EJ'YI1 AEJ'Wn1191f11~\I\I\I rm:h f11~\l5i?1 1i?1tJ":i'JaJ ~ nil AEJ'Wn1l91ffiaJI.i

bf11 ell'W~'W 1i?1tJ b~aJ1'IXf11~\l5i?1aJl n f1'"h AEJ'Wn1l91ffiaJI. ib f11 ell'W ~'W

rk\lbb~EJ1tJ 7 1'IJ~'lJ1tJ Il?1tJaJ~lbU'lJ1EJtJ~::; 101 ~\I 105 'IJfJ\I
q

~'Jmh~AEJ'Wn1I91ffiaJI.ibf11ell'W~'W bb~::;b~aJ~'WbU'W1EJtJ~::; 115 ~\I

123 'IJfJ\IAEJ'Wn1I91ffiaJC-J~aJbf11ell'W~'W~EJ1tJ 90 1'W ~\lC-J~ffi~
q

'<ill n f11":i'Yli?1~EJ'IJ A{\lifbbl9l n ~l\1'<i11 n f11":iloffbf11 ell'W~ 'W~laJ1~ eJl 'IJ

f11":iA i?1'IJ'Wli?1aJl bb'Yl'W~EJ ~l\1aJl n~l'IX f11 ~\l5i?1 ~11 'W'Ii'J\lEJ1 ~ ~'W ")

C-J~'IJEJ\I\ll 'W1<5'm111'IX iEJ ~ EJtJ'IJ fJ\I f11 ":iloffbf11 ell 'W~ 'W1'W\ll'W AEJ 'Wn1191

~~ fJ\I":i~bJ~l'Wl'W VlaJ i?11 tJ rl'J'W~l f11 ~\I ~\I 1i?1 tJ1ITeJl~n'IJfJ\I AEJ'W n1191

~ bb'Yl'W ~~'J tJ b f11 ell'W ~ 'Wbrl EJbtJ1tJ'IJ bri tJ'IJ n'IJ A EJ'Wn1191~laJ aJ

bf11ell'W~'W C-J~aJEJ~ ~'lJi1 ~1 f11~\I~\l1aJ bbl9ln~l\1n'WaJl n-wn li?1tJ'"

aJ~1f11~\I~\lriEJ1tJ 365 1'WbU'W1EJtJ~::; 99 ~\I 103 'IJEJ\I~'JEJ~l\1q

AEJ'W n1191~laJ1ibf11 ell'W~'W bWi?1\1i1 f11":iloffb f11 ell 'W~ 'W'IJ'Wli?1

~::;b~tJi?1aJln") 1aJM'Ii'JtJ 1'IXf11~\I~\I'lJEJ\lAEJ'Wn1191~~'Wmn-wn bb~

'1i'J tJ~l'W f11~\l5i?1EJ ~l\1aJld1O]

&t.:l'l11tJ

b~fJ\I1aJbEJ1ell'W bEJ1bf11 (ell'W~'W) if Vl1\1i1'<i1::;dJ'Wb~fJ\lVI~\I

~'lil'<i1::;bU'WtJ":i::;lmnJul\11 'W'J\If11":i1r!'Jf1":i":iaJItJLil Vlln'Y11'W ~e:il'W

'Y11'W1i?1~'Wh~'<iI::;VlliEJ aJ ~ b~ aJ b~ aJ1'Wb~EJ\I'lJEJ\Ibf11 ell'W~'W 'IJEJ'"

bb'IJ::;in1'IXi?11911aJbEJnm":i€i'l\1~\I 'WEJn'<illnif ~\lmm":i(1i?1A'JlaJtil'JVl1!l'" '"

'IJfJ\I f11":i loffbf11 ell 'W~ 'W1'W \ll'W A EJ'W n11911'W tJ":i::;b'Yl r!l'Yl tJ l~'<iIl n bEJ n ~1":i

tJ":i::;nEJ'IJ f11":iflaJaJ'Wl b~fJ\I f11":iloffbf11~EJtJ1'W\ll'W AEJ'Wn1191 ~<5'i?1 li?1tJ

Af1J::;EJ'W f1":i":iaJ f11":iAEJ'W A1191 bb~::;1 ~ i?1<h aJ n'IJ f11":i1 yJ~l ~1 tJ C-J~ 191
q q

bbv1\1tJ":i::;b'Ylr!l'YltJ li?1tJ'Y11'W'<iI::;Vll.gEJl~~~aJl AaJ1r!'Jf1":i":iaJ ~m'W

bbv1\1tJ":i::;b'Ylr!l'YltJ<j l'W":il Al~bU'W n'WbEJ\lA1'IJ

~ i?1YlltJif ~b:atJ'IJ n ~EJIEJf11 ~'lJEJ n mh'J ~'J tJi1 bU'WA'WVI~\Iq '"

ffiaJbEJ1ell'IJ b~":il::;I9I~EJi?1":i::;tJ::;bJm-:i'JaJ10 tJ~eJl'IJaJ1Am~lbb~b~EJ\I

bf11ell'IJ~'lJI9I~EJi?1m rl'J'Wb~fJ\I'lJfJ\Iell'IJ (~'IJ) J'IJ~b:atJ'lJbb'Yl'IJhi~'lJh'"

b~tJ ~\ln~lmu'WA'W1aJbEJ1ell'W1tJ~'JtJtJ":i::;f11":i\J::;if .
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