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RElUn~~U1ULnu1tJ LuEin 10 U,71\1't1U1R11?111RaUn~1JI

1't1~tJ"I::L.n'YI High Performance Concrete ~~L,jnu

LL~~'t1~1 ElLUtJ"I~L'YIfOT1'Y1E1Raun~lJI;fijR11aJa1aJ1"I(nU n1"I
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1't1~~ua\l 1't1~L1I1LLtJtJ1j;1LL~~a1aJ1"I(l'rl1L't1LLUu1j;\Lj;lEl13J~EI\I..
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Ln El111 a\l LL~ ~ ::eJ1 ElL't1 R11aJ aUL ~LU n1"IL"lf'YI LL~ n ~1\1 nu 11.1
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Vi~1"ICU1LUI?11UtJi'tJL't13J1naa"I1\1 3JR113J~a\ln1"IRaU n~1JI..
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3JFl11aJa1E1\11aJ a1't17tJ1?11utJaanLLtJtJ't17E1tJFl1tJFlaJm"InEl-.. ...
a;1\1 ;a\ln1"IFlaun~~iiij;I1~\I~13J;a\lm7~\lm~Luu;I1~\I

5~LL"Im~aJ(Early strength) 't1~EI;n~\l5I?1ii 28 1U LR"I\I-
.. .. La"I1\1aJR113J'YIUmU~1aJElElmLtJtJ LaJa~~1"ICU1 1?1E1"I1aJ'YIn.

~1E1 ~1\1;a\ln1"IL';LR"I\la;1\1RaUn~~m;ijRCU.n1~LUU.
1tJ~1aJ;a\lm"I

Raun~~1't1~ (Super flow concrete) m,j\l1ULU

Concrete Thailand)
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tJ'$~L'YIfOT1'Y1E1'\r~~tlULUURau n~lJIiiij A1 EltJIJi1a\l1~u aEl n11. . ..
15 "lIaJ. 1't1~L,71LLtJtJ1;~ a1aJ1'$mL'YI"In1tJ~1aJft1U~1\1')
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1Ia\lLLtJtJ't1~a1~\l1 ElLj;lEl13JLLElnlJi1 ~a\ln1"In1"I~L1I m~1
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L~EI\lLflnUaEl

'I. 3' .. '" .. ..
LUtJ'YIR11aJU ~::n~11()\lm"ItJ"I::Eln~ L"lf\l1URaUm~...I . ~ ..

1't1~'YILL~~~1E1LUtJ"I~L'YIfOT1'Y1E1 "I13J'YI\l1IaR1-m~1"ICU1 LUm"I

.. ""'..1..1" .. ..
L"lf\l1U L~aL't1'Y1n eJ1 EI'YILn EI111a\la1aJ1"Ie1L-lIRaU n~~L't1 LUU.
11.1~1aJ1 ~ ()tJ"I::a\l rol.
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n1~'=~n~t~~8~n~~'~~...I ... .. .

Rau n~1JI1't1~'YIL"lf\l1ULL~"I't1~1E1LUtT~~tlU 11?1LLn.
Rau n~1JI if1't1i'tJ\l1U L'YIL-DaJL~1::11U1 ~L't1qj 't1~a L-DaJL~1~::t.ItJ

LUEln (Wet process) FlElUn~~if1't1i'tJLFI"I\la;1\111U1I?1L't1qj

RaU n~~if1't1i'tJ\l1U't1fla:€u ft1U if1 L1~JtJ1IU1j;1L't1qj LL~~
"0"'''' 0'"

RaUn"I~n1~\laj;la\la1't1"ItJ\l1Ua1R1"Ia\l.. ... J" .
FlElUn~~ L't1~1U m~L"lfa1"ILRij tJaaJ LViaJ (Chemical

'" ..I"'" ~. a; .....
admixture) 't1'$a'YI"I~nj;\ LUU13J U1~1NitIolAIIUn"ifl L~a..

tJi'tJtJ"I\lRaU n~~L,;ij RcuaaJtJ~L't1 aJ1~aaJntJm"IL,j\l1U ~\I. ... '" ..I' '" "'~ .
aJ't1~nm"IaamLtJtJ'YILLlJln~1\1nU j;I\lUU ~~n~11LLElnIJl1aJ
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1. AIIUn"itl ,~~" ~!Jit1"i~6I\t1LL~::it1"i~U~<IIm"i

'M8l1i~

LU n1"I1Ij;I't1 ~aJif1't1i'tJ L-DaJL~1::11U1I?1L't1n; ~:: L,j'a1"I. . °t:
'" . .. ..

~~~1mtJU L'YI1U'YILaLU't1~3JL~1~L~atJa\lnUn1-ni\l'YI~1E111a\l.
tJtT\I't1~aJL~1~~\lJu m"IL'YI~l£)un~~1~a1aJ1"Im'YI~\I't1~3J. .

.. .. ..:''' ~
L~1~11?1LI?1E1~"I\I LUEI\I~1nFlau m~~::() nU1"lf::~1\1tJU~LaJU~.. ..

.. .. ~. " .. .. 0 ..
Elan't13Jj;I ~\llJIa\lL"lf1fiL'YItJ1U'YIa(Tremie) L~a~1L~EI\lRaU-

.. ~.tJ .. 0" .. 3 ..~. ..
m~~\lL nU't1~aJ n1"I~1L~EI\lRElUm~1fiU~~~EI\lL"lfFlaU-.
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li?1Li?I~13J~Eh'l"il'YI1m"llm L'UEh'l"il1n15Y11\11'U~n~ru::'U L"lIm

f01E1'Un1~1;uEI~3J1 n ft1'Y1'rU1::~::nfi1 n11Y11\11'U Li?Im-Y1hJ

.. ' d " " ~..
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'Yl L"If~\I~EI\liif011~U~1'YlLW~\I'V'm'1'U"lIru::'YlLmJ1'U'YlEl LLfi::~EI\I.
1 '..",' .,I ..1'1" ..d!'f

3,1LL"lI\I~1 nEl'U 'Yl"il::L'Ylf01E1'Um ~ L51"i1 LV'!Elb'YIf01E1'Um~'YlL'YlL u'U

.f.. '"
L'Umi?lmn'U~fiEli?l~'U

"iI1n~n~ru::n11Y11\11'U;\ln~11;1\1;'U f01E1'Un1~1'Y1fi

ft1'Y1fUL~3JL"iI1::"lJ'U1i?1'1'Y1ru~\lElElnLLuu'1iiirol1~U~1~L'YI3J1:: 53,1" .

"lIru::L'Ylth::3J1ru 15-20 1/f3,I.Li?I~'1"li511fii?ltf1LLfi::511'Y1,J1\1

n11na~1 (Water reducer and retarder) LrJElfii?lm3J1ru

tf1'1 'U a1'U e.l53J f01E1'Un1~ LLfi::U i?Infi1 n11 nEl ~1"l1 El\I f01EI'U n1i?1

'1iL'YI3J1::nu n11'1"li\l1'U m3J1 rutf1 '1'Ua1'Ue.l53J LU'U,r"il~~'YI~ n

~Eln115ruLft~roI1~U~1"l1E1\1f01E1'Un1~ n~11FiElm3J1rutf1UEI~
~ .. .

n115ruLft~roI1~U~1"i1::L11n11m3J1rutf15\1 ;\I,T'U m3J1ru
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.w1'1'U51'Ue.l53Jf01E1'U n1~ft1'Y1fUL"lI3J L"iI1::'1'Y1f)J"iI::~EI\l13J~nLn'U

hl"il'U 5ru Lft~roI1 ~U ~1L11 'YI1E1"i1::;EI\ll~3J1n Ln'Uhl"il'Uf01E1'U-
~ .. .

n1~LL~n~1 '1'U;1'Un11nD~1"l1E1\1f01D'Un1~ "iI::'1"litf1me.l53J

f01E1'Un1~tI~3J1 ru3J1 n n11 f01E1'Un1~'1"li\l1'U ft1'Y1fu Lf011\15;1\1

rY11t1 LrJEIUi?In fi1 n11nEl~1"l1E1\1 f01E1'Un1~'1 iV'!EI LW~\I~m::~::

L1fi1 n11L'Ylf01E1'Un1~ft1'Y1fu L~3JL"iI1::LL~fi::;'U Li?I~tI~3J1 ru

tf1 m e.l53J f01EI'Un1i?1m "li"il::LU'U« i?la1'U nUm3J1 rutl'U snL3J'U;
~

'1'Ua1'Ue.l53J

2. f')i)'U,n;&1L'Wa~t;it1'a~J1~1'U,1\UJ1n
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511~i?I.w1~1'U1'U3J1n(High range water reducer)

i~nn'U~'U'U13J Superplasticizer L~m~3Jtf1mtl1::Lf1'Yl

;ft'Uf01E1'Un1~ "iI::Y11'1if01D'Un1~~LLi\l3J1n ') (lmt1'1'Ua1'Ue.l53J.." .,I..
f01E1'Uml?1'UEI~)'Yl3Jf01113J513J11fim1L'Yl (Workability)

~1'1iiirol1~U~15\1~'U LLfi::513J11fi'1"li\l1'Ul;~\laJnij~3J'1"li. ~
Superplasticizer '1'Um1e.1~~f01E1'Un11?1~ii W/C ~1

Superplasticizer m"li\l1'ULLU\ll;Lu'U2 tI1::Lf1'Yl1?113JASTM C

.- 494 l;LLn tI1::Lf1'Ylffi~ii511'Y1,J1\1n11nD~1(Type F) '1"li

ft1'Y1fU\l1'U ~ ;EI\lm1'1 i f01D'Un1(;1ii n1~\le)i?I LL1nL~3J5\1(Early..
.,I ' ,

strength) LLfi::tI1::Lf1'Yl'Ylii511'Y1'U"Nn11nEl~1(Type G)

'1"lift1'Y1fU\l1'U ffi~ ii;EI~1 ni?l'1'U;1'U n1 ~\le)i?I LLLL1n L~3J

f01E1'Un1~1'Y1fim"li Superplasticizer m"lin'ULLV'!1-
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'YIfi1~iifi}1~U~15\1(;1\1LL(;I 15-20 1/f3,I. n11'1"1f\l1'Uf01E1'Un1(;1. ~

1 -.. ~ ",.J'
'YIfi LLfi::f01ru53JU~f01E1'Um~L1.J'Ui?I\I'U.

2.1 f')Ul.itIJU&1f')i)'U,n;&1L'Wa.
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n. FliJUn"if11"(11(Fresh concrete)

f01D'Un1~1'Y1fiiirol1~U~15\11~LL~n~1 513J11fil'Y1~. ..
L;1 LLuul;~1 ~ ;EI\I m1~'YI1D L"lI~1 f01E1'Un1~ LW~\I L~n,jEl~

~\lY11'1i fii?ln fi1 n11Y11\11'ULLfi::~1'U1'ULL1\1\11'U'UEln"il1 nif iT\I

in L~ ~\I ~1'UJ3Jf01E1'U n1~1; ~\lY11'1i'1"linfi1 '1'Un11L'Ylf01E1'Un1~

Li?lm13Jfii?lfi\l

""'''''4", .,
!/. FliJUn"if11""!/"f11'J"a'J(Hardened concrete)
..I .. 'I."
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.
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L'UEI\I"iI1nf01E1'Um~b"lf Superplasticizer 'Un11'Yl1VI

iirol1~U~15\1 Li?I~1~'1"litf1 ~\lY11'1in11'Y1i?1~1"l1E1\1f01E1'Un1~. ..
..I .'"

L'UEl\I"iI1n n111::L 'YI~"lIEI\I'U1 fi i?lfi{J

'1'U;1'U f01113JriUtf1 Li?Imf11t1 f01E1'Un1~~iitf1 '1'Ua1'U

e.l53J3J1n 'YI1E1ii W/C 5\1 LV'!1\1mn1fDf1.'Uf01E1'Un1~"iI::3J1n~

..I J" 'I ..,.f ' " ..
L'UD\I"iI1 n'U151'U Ln'Ub'Uf01E1'U m~"iI:: b'YIfi"ll'U 5 e.l1'Y1'U1 f01EI'U m~

~

,:,'J' ''' ' . .,I' ..I
Lni?lm1L~3J'U1 (Bleeding) nEl'1'YILnWIfEl\l11\1'Yl~m'UEI\I

LU'Ue.lfi'1itf1:a3J~1'Ul;3J1n ;\I,T'U L~Elf011Uf013J'1if01E1'Un1~ii.
J" " ."" ..

m3J1ru'U1 '1'U 51'U e.l53J'U EI~fi\l "iI::'Yl1 '1'Y1 iiTV'!1\111\1'1'U f01E1'Ur1~

fii?lfi\l iin11An~1 Ltl1~ULri~U1::'YI11\1f01E1'Un1~m"li511~i?I

tf1 (Water reducer) Li?I~'1"lim3J1rutf15\1LLfi::'1"li Super-~

plasticizer LrJElfii?ltf1'1'Ua1'Ue.l53J V'!U11f01E1'Un1~m"li Super-
.. .'.. ' ... J' " ..

plasticizer LLfi::3J W/C ~1 3Jf011m1~i?lI/f3J'U1'UElfJLLfi::3J

LL'U1LU3J11 n11i?1(;1:a3Jtf1"l1D\lf01E1'Uf11~m"liSuperplasticizer~

.,I ' " '"
"iI::~i?I fi\l'1 'Ue)(;I11'Yl3,11n n11 n11'1"1f511fi i?I.w1 ;\1 LL5i?1\1'1'UmV'!
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2.2 m,1.I'::!Jn&1t~.:I1'U,.

n. "iUrFl"i"";i"!/Ui(111'V/fJ;/"iuFliJun;f1111~aJim

ann'] (Mass concrete)

n11L'Ylf01E1'Un1~ft1'Y1fuLf011\15;1\1"l1'U1i?1'1'Y1~ 'YI1E1\11'U

Yi;EI\I'1"lif01E1'Un1~m3J1ru3J1n ') L~'U j1'U11mL~f01113J;D'U

~Ln i?I"iI1ntllj n~m 1~Li?l1i'U"lIEI\I\!'UsnL3J'U; "iI::5::53J'1 'U f01E1'U-

..,..,1 ..'.,I' 'I L '" ..
m(;l bi?lfJ'Ylf01D'Um~51'U'YlElfJf11~b'U"lIEI\I f011\1511\1 "iI::3JA11~

LL~m::"iI1 ~"lIEI\If01113J;EI'Uam ~'UElnl;"li1 n11 f01E1'Un1(;1a1'U..
.,I " '''' .." .,I "
'YlEl~51'U'UEln L"If'U i?l1'UU'U 'YI1E1i?11'U'Yl~i?lLLUU"lIEI\lLfDl1\15';j1\1~

Y11 '1if01E1'U n~~a1'U~Elru'YIf1ij5\1iin11"l1m ~~15\1 f01E1'Un~(;I
. ~ ~ ~

, .,I.. ." ",".. '" '"
51'U 'Yl3,IElru'YIf13,I ~1 n11"i1::"lI m ~ ~1'U EI~'YI1E1'Y1i?1 ~1 i?I\I LL5i?1\1. ~
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mwtl 7 8t7iwlt1JfJ4V;1J1mJ1"~m7ffIJ,ilvFl"qV~1

...I ''''.. '
'l'IJrnvfYI 2 'VI1n£)cu'VIi1ih::'VI'J1~LfOI1~fi11~fOI£)'IJn''jj;1fi'J'IJ'l'IJ. ..
LLfi::fl'J'IJ'IJ£)nLLj;1 n~1~n'IJ 3,11n "iI::YI1'l";Ln@l m1LLj;1 n;1'J"IJ£)~

fOI£)'IJn7j;1Y1~b 1; ~~YI1 'l";LfOI1~fi;1~fOI£)'IJ n7j;1 iifOl'J13J'Yl'IJ't11'IJ

'" ...I
LLfi::m El m1 'l"1l~1'IJ 'Yl fi @Ifi~.

t tensile stresses

fi~'l'IJ;1'IJ,t1LLii~ 'VI1£),t1L~'IJ m1~i\j;1f01£)'IJn7j;1~~mn L~£)~.. .
"iI1 n ;£)~i @ILj;17E13J,t1 L~'IJ 'VI1£),t 1 LLii~ LU'IJ ~1'IJ'J'IJ 3,11 n 'l";L V; EI~

"!ill-

' 1 A".
~£)j;1£)"iI1'IJ'J'lJfOI£)'IJ mj;1'Yl"il::L'Yl m1fi@l£)CU'VIi13JfOI£)'IJmj;1't11. ..
'l "'.. ... d ' !;..I .. '" ~. ... A

'VIfI~1::@l1.J'VI'IJ~L't11'IJ'IJL'IJ£)~"iI1n3JfOI'J13J1£)'IJfi::fi3J~'IJ'Jj;1f1@11.J.'" . ..
1@1LLn tI'IJ~L3,I'lJj;1 't;'IJ 'Yl11E1 'VI1n..

"iI::fiI?IDCU'VIi1ij'l..;~13J1n "iI::;£)~. ..
... '" ""

fi@l£)CU'VIi1ij "IJ£)~'Jj;1f1@1'JEI .y11'l'VIEl~... . .
mn'l'IJ't11~tlD1.J~

- m:rflPlflWYll1ij"UflvfPl:rv-. ..
ff;'VP1flUn~{;JfPlE1COOLING

PIPE L@lElm~tr~~£)~1'IJ LfOI1~fi;1~

fOI£)'IJn7j;1rnEl'l'IJ LLfi::'lfl,t1~1'IJ~£)

..I "'~ '" ..
L~ £)'l'VI'IJ1~1 fOI'J13J~£)'IJ fOI£)'1.1mj;1

A".f.. !f ' ~
£)£)mJ1 'Jfi'IJ3JfOI'J13J~3Jfi::@I'Jn~'IJ

'...I'" "
LL~'Ylj;1£)~ tr\l'Yl£) n£)'IJ m1L'Yl fOI£)'IJ-

cool

1
I

mwtl2 m7,ii"Fl111J,,,fV,, 1uf"74ff;14"fJunf,,,U1" 1ufIJ'

m1~@I,rcy'VI1 m1LLj;1n;1'J"IJ£)~fOI£)'IJ n7j;1 L@lElfi@l~CU'VI-
A f

f13JfOI£)'IJn1j;1 3J'VI~1mL'IJ'J'Yl1~ @I\I'IJ..

- m:rflPlE1flJYll1ij"Ufl"PlflUn~{;JfPlE1{;J:r" L@lElm1'l,j'. ..
~ .. .. 0'" .. .. ~ .. 01"

'IJ1LL"IJ~ 'VI1£)'IJ1LEI'IJ ~fi3JfOI£)'IJn1j;1LL'Yl'IJ'lJ1 ~fi3,IfOI£)'IJ n~j;1'Yl'J~tI

..I '" A .. 0' 'A".f '" '''' ,
LVi£)'l'VI£)CU'VIi13,IfOI£)'IJ mj;1fij;}j;11fi~ LLj;1'Jfi'IJj;1£)~LftEl fOI1'l"1l"il1 El. ..

'" , '" '".. 0
mj;1 LLfi::j;1£)\IfOI'J1.JfOI3,Im~~1'IJ'lJ1 L"lJ1LLfi::£)£)n"il1 n'Yl£).

A "" 1". '1 '" ..I
- m:rflPlflfIJYlf13JPlflUn1{;J,PlE1,?f Pozzolan L'lJD\I. ..

'" ...IA.¥ il " 9""'!;
"iI1nfOl'J13J~£)'IJ'YlLn@l"IJ'IJ 'IJfOI£)'IJmj;13J1"i11ntl'IJoaL3J'lJj;1 @I~'IJ'IJ..

'VI1 nfi13J11f1~ @lm3J1 CUtl'IJ~L3,I'IJ~m,j''l'IJfl'J'IJ ~ fi3JfOI£)'IJn7j;1..
0

1
'" '" ...IA.¥ ..: ...I

"iI::'t11 'VIfOI'J13J1£)'IJ'YlLn@l"IJ'lJfi@lfi~fi11~fi3JL~3J Pozzolan 'Yl
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,.

"", v ,
ij EJ3JL"!iL 'U ~1 'U fOIEJ'Um I'I'Yl (;1LL'Yl'UU'U:z1L3J'U 1'1L~EJ ~I'Imu.n 3:i1(;1LLn~ . ~

'it v~ '
Fly ash, Slag L(;1EJ'Yl(;1LL'Yl'U~'U:z1UJ'UI'IL(;11'1~LLI'I30-60%
... ..I ' , v

L'UEJ~"iI1nL'U1'::EJ::L1~1'Yl~1'U3J1a11'~a3JL~3J Pozzolan 1(;1

LLfi Fly ash .yhU'U11'1(1r1'..n1;L'Uu1'::L'YlfD1i~3jfOlcum~m~

L""3J1::a3J~EJ~1'UfOIEJ'Un~~~~i~1~3jm1'''b3J'l'l~~1~ LL~'l'U

. Y. ... '" v !!..I ~ .r~. v
u"il"il'U'U3J"lIEJ3J~LL~::~~m1'1"1m~n'YlL~3J3J1n"ll'UL'U(;11'UfOIcum~. ~ .
LL~::fOJcua3J'U~"lIEJ~Fly ash 'l'UU1'::L'YlfD1~~3jLL'U1L~3J11

EJ'U1f011'1"i1::3jn11'U13J1'l;'l'U~1'UfOIEJ'Un~I'I

- n71f1P1fJW'MfJiifO/fJUn1/11fPlE1Superplasticizer. ~
... 0 'I v '" ",'

L'UEJ~"iI1n Superplasticizer a13J11'(1'Yl1L...,fOIEJ'Uml'l3JfOI1
... ..I ' v 0'.1' ~ ... 0 v '"

EJ'UI'I1'Yla~L(;1EJ13JI'IEJ~L"1I'U1L~3J"iI~'Yl1'l...,WIG "lIEJ~fOIEJ'Uml'l. ~
1 '.r...~ .~ "I)' "'...

3Ja~"lI'U(;1~'U'Um3J1CUU'U"OL3J'UI'IL'Ua1'U~a3JfOIEJ'Uml'l"il~
~ ~

1~~~3J1n LU'U~~'l~ fOI113J;EJ'U"iI1nul) mm1oL(;11'i'U~ (;1~~

~~~1'l~fOI113J;EJ'U"lIEJ~fOIEJ'Un~I'IL(;1EJ1'13J~(;1~~'l'UU"il"ilu'U"iI::.
'l;fOI£J'Un~I'I;h'U~1'UfOIEJ'Un~I'Ift1""'~''ULfOI1'~a;1~"lI'U1(;1'l...,~

fOIEJ'Un~I'I1..., ~ft1...,f'U~1'UfOIEJ'U n~I'I"lI'U1(;1L"" ~ ~~3j~1

EJ'Ui1a~ ~1 L~L'YlfOlEJ'Un~I'I~1 EJ~'U1nm1'L'YlfOlEJ'Un~I'IrI'l;n'U. ~
...t11u3jJ~m1'i\1L~EJ~L(;1EJ'l;1'1~L;J3Ji\1L~EJ~fOIEJ'Un~I'Im1'

~L"lI~1 fOIEJ'Un~I'I'l~LLU'U rn LViEJ~L~ n~ EJElLYi1,f'U~~~ (;1L1~1 'l'U

n-}1'~1~1'UL~n""iI1nm3J1CUfOlEJ'Un~I'IrI'l;3j~1'U1'Ua,l1n;EJ~
'I v , .01 ... ~ '" do)v
L"!iL1~1'l'Um1'L'Yll'lm'UEJ~'YlU1'U~EJfOI11' (;1~'U'UfOIEJ'Uml'l'Yl L"!i

v", ..1' 1 ... 'v..
"'1'UI'IEJ~3JL1~1'YlnEJI'I1'Ylm1~EJ L~EJ13J'l""Ln(;1cold joint

,~ ",..I' ",..I' v ~
1'::""11~"!i'U fOIEJ'Um I'I'YlL'Yl'l...,3JLL~::fOIEJ'Un1'I'I'YlL'YlnEJ'U""'U1'U'U

fOIEJ'Un~I'I1...,~m;~1'U ft1...,f'U~1'U U1'::L.n'Yl;f~~fOI11'~"iI11'CU1

fOICUa3J'U~;1'Um1'aru LaEJ~1 EJ'Ui1 LL~::1'::EJ::L1~1m1'nEJi1. ~.. .
'l~L"" 3J1::a3J n'U1'::EJ::L1 ~1 'l 'Um1'L'Yl fOIEJ'Un~ 1'1

!/. 41Umlsiu,{"JU{1&fi,1I/ ffil'4rf;;4&WBmri"tI. .,.
&&UU/ ffil"14rf'114;;Jj!/u1"1114/ filBUnf"n1&4S"f/4

'l'Um1'''''~EJi'Ua1'Uft1L~''iI1'U"lI'U1(;1'lVICUL~'U fOI1'U~ ..
v v '" v 'v",

a::~1'U LU'UI'I'U I'IEJ~m1'''''3J'UL1EJ'Um1'L"!iLL'U'U""~EJ'l...,L1'1.
... v v v '" 0'..1 .:,

L~EJL...,I'I'U'Yl'Um1'L"!iLL'U'U""~EJI'IEJ""'U1EJI'I1'Yla(;1 L(;1EJ'Yl11u. .
v , .I' v ...

.- i'Ua1'UU1'::Li1'Yl'U (1nEJEJmL'U'U'l...,LU'U1'::'U'UEJ(;1LL1'~LL'U'UPre-
~

tension i~,f'U fOIEJ'Un~I'IrI'l;"iI::;EJ~3jti1~~EJ(;1a~LViEJ~~EJ
~

'..I ':'" ...
1'U"!i1~L1~1'YlEJI'ILL1'~L(;1EJ'Yl11uEJm::""11~1-2 1'U L'Um1'

~

, v, v ' , ...
L"lImfOlEJ'Un~I'I'l..., LL'U'U "iI::'l"!iLfOI1'EJ~L"lImU1'::L.n'Yl~(;1EJEJn'U

~

, '::' .1'0' v.. '" '"
LL'U'U...,~EJ "!i'Ua1'UU1'::Li1'Yl'U1'1m m1''l..., ~1f01EJ'Uml'l3J fOI113J

... ~ ~.v 0 'I. v '" '"
a1EJ~13J (;1~'U'Um1'L"!i Superplasticizer 'Yl1~""fOIEJ'Uml'l3J

WIG ~1 L~EJ'l...,1;fOIEJ'Un~I'Irl3jti1~~EJ(;1a~'l'U~1~L1~1LL1'm~3J~

(Early strength) 3j~1Ed'Ui1~~LL~::1""~L;11'113J'lIEJn~1~6J

"lIEJ~LL'U'U1;~~1L~EJ(;1LL1'~1;I'I13JL1~1ti1""'U(;1LL~::1;i'Ua1'U
,

3j~1L~EJ'ULL'U'ULL~::3jfOl113Ja1EJ~13J

'l'ULM~a;1~U1'::L.n'YlLa1 ti1 LL~~fOI1'U"lIEJ~LfOI1'~m1'

'U1~LL~~ "iI::3jL...,~ma~3JLLU'U3J1n""1EJLfOI1'~a;1~rl3j"ll'U1(;1
v v ",..I", ' ... ... v '" v

'U1~ I'IEJ~L"!ifOlEJ'Uml'l'Yl3JfOI1EJ'UI'I1a~ L~EJ'l...,L'YlfDm'Uml'l1(;1. ~
v , ",'

L(;1EJLfOI1'~a1'1~13JLU'UL~1'~ fOIEJ'Uml'l1..., ~"iI::"1!1EJL'Um1'L'YlfOlEJ'U-

n~I'I1~L~Ln(;1L~1'~ (Honeycomb) rlTfOI1'~a;1~

ft1...,f'ULfOI1'~a;1~rI;EJ~m1'f'Uti1 ~~EJ(;1a~"lIEJ~mfOI11'~

a~ L~'ULa1 ""1EJ~,r~i\v4~ ;EJ~m1'fOIEJ'Un~I'Irl3jti1~~EJ(;1a~
~ ~

... v v ~ '"
L~EJ'l"""lI'U1(;1"l1£J~LfOI1'~a1'1~~(;1~~1'13J'Yl~3J Stiffness a~

~

L~EJ'l~m1'nEJi1"l1EJ~LfOI1'~a;1~~1 L~EJ~"iI1nL3J(;1~afOl113J
~

~(;1""~'U"lIEJ~fOIEJ'Un~I'I ti1~~EJ(;13j~13J1n ft1...,f'U ti1~~EJ(;1m~.
a~n11 550 nn./I'I1'.'lI3J.m1'~1L~fOIEJ'Un~I'I3jti1~~EJ(;1a~"iI::
~ ~

'I. v", ... ~. v '" '" 0''''
L"!iL~EJ~Superplasticizer L~EJL""fOIEJ'Uml'l3JWIG I'll L3JEI
v 0... ... ..I .I' 'I' ~

I'IEJ~m1'm~~EJ(;1'Yla~3J1n"ll'U"iI::Laa11'~a3JL~3J Microsilica
~

L'Ua1'U~a3JLL'Yl'Um1'L~3Ju'U:z1L3J'U~L~m11'l~ ti1~~EJ(;1f01EJ'U-
~

'" .1'''' ~.v '" .. 0 'I. v "'..
n1'I'Ia~"lI'U L'UEJ~"iI1nm1'L"!iU'U'lIL3J'UI'I3J1n'Yl1L...,fOIEJ'Uml'l3J

~ ~

v .. 'I v '" ~ '" ...
f"\113J"lI'ULL~::""'U(;13J1nL"!i~1'Umn EJn'Yl~fOIEJ'Uml'l"il::""(;11'11

a~ m1'i\1L~EJ~fOIEJ'Un~I'Ift1...,f'UmfOl11'a~ L(;1EJ3J1n"il::'l;
~ ~

",.ty ... ~ """" '" ' '" ...
fOIEJ'Uml'l'U3J(;1~'U'U fOIEJ'Uml'lL""~'lI~3JfOI1EJ'UI'I1a~"iI~LVl3J1::. ~

0 ...ty d ty , 'l .r
a3Ja1""1''Um1''U3JL'UEJ~"iI1n'U3J~1EJLL~::~(;1L1~1'Um1'''iI

(

'"
fOIEJ'Uml'l

;8fi1'),.w~"m,1 'U.fI1"J1;{I''U.A8'U.n~(;1\",ii

l.I"J::U1't1Nif3JSuperplasticizer

f"\EJ'Un~I'I1...,~U1'::L.n'Yl~a3J Superplasticizer LL~11
'" -..I", ''''''' _..10''10'

"iI::3JfOICUa3J'UI'I'Yl(;1""~1EJU1'::m1'LLl'ln3JfOICUa3J'UI'I'Yl~L"!i~11J. . ~'v , 'v, . v ~
fOIEJ'U"lI1~3J1ni~13J'Yl1'1'U LL~::13JL"lI1L"iIEJtI1~(1EJ~LL'Yli~'U'U

, "'. I '" ... ..I.. 'I. v
"iI::mn1(1~u1'::L(;1'U...,~n6J 'YlfOl1~"iI11'CU1L'U(;111'f>Jcum~LL~::

~.v ... .I'
m1'L"!i~1'U(;1~'U

(t

1. m'nL!lni~1IiI{lfiliI'U.n;f1if~
... '" ."f . 'Y v ..I

m1'LLEJn 1'11"l1EJ~fOIEJ'Un1'I'I Lu'U u f)J"" 1 (;11'Uf>JCU.n1~ 'Yl
, 0'..1' '" ..I

m::'Yl'UI'IEJLfOI1'~a1'1~'YlL'YlLU'UEJm~3J1 n ...,1m'YlfOlEJ'Uml'l'Yl
... v v .I' v ..I

LLEJnl'l1L'ULfOI1'~a1'1~"iI::~1'l...,Ln(;1L~1'~"lI'UL'ULfOI1'~a1'1~'YlL'Yl

...,1EJmrut;J3JL'U m1'i\1 L~EJ~fOIEJ'Un~I'I "iI::rn 'l ~Ln(;1m1'EJ(;1-.
i'U'l'UYiEJJ3J"iI'U~1L~J3JLaEJ""1EJ1;LL~~EJ'U;1~L"!ifOl~rlm1'
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LL~n~111EHII"IEI'Un~j;ll"'~1.h::LI1'Ylif ff1aJ1'nlif\lLnj;ll;;1~

j;l1 L1J~1 111'1."; ff1aJ1"IflJEI\ln'U m"IiJ11"1 EI'Un~j;I~ LL~n ~111J

L';'hJ\l1'Ul; ",1E1LLn'1111ITm"If11\11'Ul;ff1L"'j;lm"ILL~n~1.
'/JEI\lI"IEI'Un~j;ll", ~~a1 ~ rul;LLn...

. .
1.1 m"LL!lni'nii.i1~1iI'nm'~';I'U.N~3J

a1'U ~ ffaJ I"IEI'Un~j;ll", ~"'1 n1~ I"ITU l"IaJl"lflJl11"-'L'U m"I. .
~~j;lmj1\1f1n;EI\I LVlmQ 1::LdElLaii1Ln'Un1",'UVI ",1E1L';..

maJ1fIJ Superplasticizer aJ1mn'Ul1J 1iJ::f11L";LnVlm"ILL~n

~111E1\1 I"IEI'U n~j;I m"ILLn'111uru"'11iJ::LLj;ln~1\1n'U~'U n1.Jff1 L", r;\... .

t ..I A '"
'YlLnVlm"ILL~nj;l1

L'Um&~iimaJ1 flJii1 L'Ua1'U~ffaJI"IEI'U n~r;\aJ1 mn'Ul1J

~n~::I"IEI'U n~r;\ ff VI~if\l Lnr;\1;;1 ~ff1 ~r;\1 PlElIiJ::LnVlitii1-

r;\1 ~ 1"1;1 ~ it~'U ffEl~EI ~ ~11.J1L1f1JtJ1'" ';111 El\I I"IEI'Un~r;\LU'U

~1'U1'UaJ1n '\t11mL~n~1"I'ULL"I\I LdEltr\lI"lEl'Un~r;\L..;mj~1~\l61. .. J
'" . , ..I , ...
ffnl"l"I ff1'U'YlLU'U~'UIiJ::liJaJff1l1\1~1\11aJff1aJ1"Ifll"I~ml"l~1.. .. .
I"IEI'Un~r;\'1";L~1n'U1; 1"I;1tJn1.JI"IEI'Un~r;\L~aJnEl~1 I"IEI'Un~r;\

~ n'lo!J-flJ::L~'Um~ ff1aJ1"IflL';L'YlL'U\l1'UnElElff;1\11; L~ El\I1iJ1n
. ..I ......

ff1'U'Yl LU'U~LaJ'Ur;\L"-'ffr;\IiJ::"'1~11J f11 '1", LI"I"I\I ff"I1 \I 1"1EI'U n~r;\

LnVlLu'UL"-'"I\I(Honeycomb) 1;

'1'Um&ma Superplasticizer maJ1f1JaJ1mn'Ul1J

"'~\ln1"I~ffaJL"'~6J liJ::if\lLnr;\L..,'UiiyJEI\lmmro111'U1V1'1",~

Ln VI~'U1.J1L1fIJ tJ1",';1 I"IEI'Un~r;\ LU'U~1'U1'U aJ1 n Einyf\liim"I

J: 0'"A .¥... ..I...'
L~aJ'U1LnVl1l'U '\t11nL'!f Superplasticizer 'YlaJff1"I"''U1\1m"I

nEl~1~ffaJI"IEI'Un~r;\ LdEliimaJ1f1Jii1U1Ln'UaJ1n 6J 1iJ::f11L";

maJ1fIJl"IEI'U n~r;\nEl~1';1~\I m"ILL~n~111E1\1I"1E1'U n~r;\1iJ1 n
.3 "'1~ ... ......

ff1L'\t1r;\'Uff1aJ1"IflLLn 1IL'"I"IEI'Undr;\aJ.
¥ d

I"IflJl11"-'Vl1I'ULLLL~:: L'!f\l1'U1V1 L'U El \I 1iJ1 n.
o,A J' ..I A ''I '" ..I
u"IaJ1f1J'U1mmn'U (EI~ L'U"I::Vl1.J'Yl

I"IEI'Un~r;\ET\lLLii\l;11;) liJ::l~m::'Yl1.J~EI

n1~\l5V1I"1E1'Un~r;\'1'U1::~::U11 (281'U) § "

n"1LLn'111f111;LVI~ 1J~EI~I"IEI'Un~r;\tr\l i
... d ~

I

'O

11LU'U"I::~::L1~1"''U\I(10-30 'U1ii)
d.¥ '" '"
"1I\l1I'Un1.J1::Vl1.J1"I11aJ1'ULL"I\l1IEI\lm"ILL~n

I

'

~1 "'~\l1iJ1mf'U~ffaJI"IEI'Un~r;\'1;L~1n'U

'1;Yt1 m"ILL~n~11iJ::~VI~\ILL~;1tr\l11
...

A'" ...
Ln'U 30 'U1'Yl LL~:: ~ffaJI"IEI'Umr;\L1I1

n'ULL;1 ET\l1~ff1aJ1"ImLn'1111;1~1"I1d'1';

~

"

20

0,00 0,'0

~ o.
1"1EI'U n~j;I'U 'U L'YlL'ULI"I"I\lff11"

'" 4 - .
1.2 m'LL!lnf1';1L'U.i1~1iI1mfm''3'I'I'~''U.

m"I~"'1E1L1IU11"1E1'U n~j;I'U1'U Ln'Ul1J f11'1";I"IEI'U n~r;\
... ... -- d' '" ...

1"'~LL~n~11V1 ~1JiJ1.Jj;I\l1'U'Yl"''U1~\l1'U nElff"I1\1aJ nPJ'ULI"I~ .>
'" ~.'" 1... . '" d"'.3

n1.Jm"IL'!fI"lEl'Umr;\'YlaJI"I1~1.Jj;l1 10-12 "1IaJ. "1I\lr;\EI\lm"I1iJ
~ .

",1E1L1I'U11"1E1'U n~r;\~L'YlL'U LI"I"I\lff;1\1~'U1'U"-'EI LV;~\I LL~a1-

'" ..., ..I...' '" .3' A '.1
"'"I1.JI"IEI'Umr;\L"'~'YlaJI"I1t11.Jr;\1ff\l m"IIiJL1IU1aJ1mn'ULu 1iJ::. ..
f11L";I"IEI'Un~r;\LnVlm"ILL~n~1~\lif\lLnr;\1;;1~r;\1L1J~1 1iJ::

.. ' ..I ."f ""''' .. ...J' J:.¥ ..lA ...
L", 'U ff1'U 'YlL1.J'UaJ £Id r;\1"I'" "IElaJ 'U1 L~ aJ1I'U aJ1 'Yl~1'" 'U1 1"1EI'U-

... 0.3..' A '., "'..1 '"
mr;\aJ1n ",1nmm"IIiJ"'"IElL1IU1aJ1mn'ULU 1IEI'Yl1"l1"I"I::1\1

... ., .. 0 'I.'" ... d ..I A d
Eln u"I::m11"1E1 m"I'Yl1 L"'I"IEI'Umr;\LI"I~EI'U'Yl1iJ1n1.J1L1f1J"''U\I

1..'" Ad,. ~... d .3 0 'I.'" A '"
.uEln1.J"IL1f1J",'U\I LVI~L'!fLI"I"IEI\lIiJIiJ::'Yl1L"'LnVlm"ILL~nr;\111E1\1

I"IEI'Un~r;\1;~1~ ~\I,f'U m"I'1';\l1'UI"IEI'Un~j;ll",~ 1"11"IIiJ::L';
.. ...'" ..I'" ..I

El1J mfIJ~1 L~ ~\lL'" I"IEI'Un~r;\EI ~ '1 n~1.J1L 1f1J'Yl r;\EI\I m"IaJ1 n'Ylff VI. .. .
.3 ... ... 'I '" ..I A'" 0

'UEln1iJ1n'U 1"11"Iff11\11"111aJL1I1L~LL~:;1J"I1.JL1J~~'U1fjm"Im\l1'U

..I ... '" ... .
11 El \I 1"I'U\l1 'U'Yl L'YlI"IEl'U mr;\ '1", L'!f\l1'UI"IEI'U n~r;\ 1", ~ElU1\1f1 n1IT..

2. m"\fqjLit!lA'~1Ji';l!li1u\i1'U.n;f1

R1 ~1.J~111E1\11"1EI'Un~r;\ Lrl ~1~EI\I n1.J m1L ';\l1'U ",1 n.
I"IEI'Un~r;\iim1~CY Lit~R1 ~1.J ~1 L~1 Ln'U11J 1iJ::f11'1"; m"I'1';\l1'U

I"IEI'Un~r;\1;L'UL1~1~1\1tf'U 6J ~\lmliJl~LV;~\I"-'Ela1",f1.JL1~1

m"IL'YlI"IEl'Un~r;\~1JiJ1.J~EI~~\ll;n~11'1'U"'1~EI 1 ii1LU'U

UliJi ~a1 ~ ru~EIm"Iff ru Lit~ R1~1.J1IEI\II"IEI'Un~j;I LVImQ 1::... .. ... .

I"IEI'Un~r;\l",~m'; Super plasticizer 1iJ1nl11"-'~ 3 IiJ::L..,'U

D'Ylfi ~1IEI\lmaJ1flJii1'I.'Ua1'U ~ fftlm';ii ~ ~ ~EIn11ff ru Lit~.. ...

E LUMP LOSS
,SUPERPLASTlC'ZER CONCRH)

,,00 1\30 ""X) '00 no .001030

ELAPSED T"'E 'h.:m;n

mwfl 3 8nit'lf/!lE/"1R1J1mJ1f11Bm'UQI,Rvflliqvi1

fu:ncl1S 4~
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"

w .160'"', .ISO'"',".m
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.,.

R1~'Ui1El~1-11L~1Ji~ 'l1Jn1'~~1L~~-IIfOIEl1Jn'i~;1mjaJ IiJ~.
Ln~m4ftf1ILit~R1~'Ui11JEl-llfOlEl1Jn'i~1Jcu:;f\~11J~£]rl1 'l;fOIEl1J-,,"tt .
n'i~~ElElnliJ1n~mjaJilR1~1Ji1~1 LL~~Yl1-1111JmnL~~.

.. ..I" o. ...
L\1~1~mfOl1'l~-II ') 'YI'lEl-ll11J'Y1~fl-II~El'Y1ElfOlEl1Jn'l~m1aJ1n ')

LL~m'lftf11 Lit ~ R1 ~1J i11JEl-ll fOIEl1Jn'i~~m~J-cu~dun'1J l;L~~'l,i',,"tt .
Superplasticizer 1.h~Lf1'Y11~ilft1'l'YIu1-11m'lnEli1(Type F)

L~aJ'l1JfOIEl1Jn'i~0.5-1.0 f\~'l/~1J.aJ. LL~~~ftaJfOIEl1Jn'i~'l;
" I:: . 'I." 0 ... d' 'I."
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