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UVIfI1l:JJi11.J1 LaUa LVIflUfI LL~::1fi nl'n.j~ 1'1flaUn~1'I

fhallall1uu".i::LVlft1V1tJ1I'1f1U".i::allR'tJallUVlfI1l:JJif Aa LLarlll~ ,

iillfI1l:JJLUU1uhil Unl".ivhflau n~l'I~ihha lI~lI1U".i::~u

1,000-1,500nn./YI:JJ.2(Very High Strength Concrete)

Lif a vn1u U VIfI1l:JJ 1 v1mh1 ii 1I111fI VI" 1=1'fi Aa VUl Pi n".i".i:JJ

nl".i1uPi'tJa II flau n~1'I1I1tJ1Pl LL".i lIa rI LL~::1I1flUijUPi pfIILLPi

nl".iflrlLaan~rlLI'I~tJ:JJ1arl nl".iNa:JJ 1u'iluiillaUa".i".ifl~, ,

Ln rlTfULL~::LLU1V11l11 U nl".iLLm 'tJ i11'i1~1 flqJ 1 Unl".ivh

flau n ~l'Ifha lIa IIflfllif a ~~ nl ".i'l'W1t.I1:JJVhhi' LLPi~::
~ ~

all RU".i::naU'tJall fla U n~1'I LLt;lIij fhall LLt; II LL".ill:JJl n~'fi rI
~ ~

LL~::m".ifl1U fI:JJ~ul'laUn1".i'yjll1luVln~u l'IaUa~ll1 Lii:JJlI1r1, ,

'ill n N~ nl".iVlrlaau LLarllI1VIL~U ':h flau n~ l'I~ij fhall~lI1 U

".i::~u 1,000-1,500 nn./YI:JJ.2 al:JJ1".imh1v1'i11l11uVlall

uijuPim".i ~lI LUULLU1V1ll1~lV1fu~~au 1'i1~'iI::Fin1=l'11~tJ

Pia1u'ilu 1V1al:JJ1".imll11.J1mulIlunaafll11v1'i11l1 LL~::LUU

nl ".inPJJUl fla Un ~I'I fha lIa lI1U1l1 nl ".ial'IalV1 n ".i".i:JJnl".i~ ,

naafll1'tJallU".i::L VIft1 VltJ 1 VlvIrILVitJ:JJnUU1U li1l Pihil. U

aUlf1l'1aU1naif

Abstract

This article presents the technique and

method for making of high strength concrete in

Thailand. The objective of this experiment is to

demonstrate the feasibility of making the

Keywords: Compressive Strength; Concrete Technology

0 -
u

compressive strength of concrete up to 150 MPa.

Theoretical aspect of the compressive failures of

concrete specimens, the corresponding techniques

in practice and some experimental experiences are

presented. The main emphasis is trying to optirnize

the strength of each concrete component of

hardened concrete and to control rigorously the

process of mixing and compacting concrete. Testing

results show that compressive strength of standard

100-150 MPa can be achieved in the laboratory.

This experiment is expected to be the pioneer project

for developing the high strength concrete

production. Moreover, this article will hopefully

help upgrading Thai's construction industry to the

international level in the near future.

1. until
a l'IalV1n".i".i:JJm".inaafll1f1aUn~l'IfhallallijuVlU1V1, ~

1UlI1Unaafll1~ Plallnl".if!wa:JJuPiv1lufh all 'tJa IIflaun~1'I

Luurhft1=l' LtiU lI1UfI1f1l".i~lI Vl1aa::mu~Plallnl".i1V1ij

'tJUl rI'tJa lIa II RfI1f11".i~ L~ n~ lI1 u'tJ w::~fu LL ".ill1v1Lvh L~:JJ

lI1UflaUn~l'IarlLL ".ill~PlallfuLL ".ill'illn~1r1arlLL ".ill LUUPlU

uan'illnif flaun~l'IfhallallfTlIiiflwa:JJum Ufl1l:JJLLlluViu~ ,

'tJall~1f1aUn~1'I ~lI'iilLuuPiam".inaafll1f11f1l".iU1l1U".i::L1lVl

LtiU L~au U".i::1I1f11".ivllL1a ~Plalla:JJNanmhVl::L~
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tW!!~:t1!11I,1!}1,I LtmM.N1L!1.tWM./J 1 pn,[L~rtLLI,I Ltn

L'L~NG~tWM.t I1Y~Gt1!rtrtLLI,I~~1:t1!11 ~NL'N!1a.I1J?trt~~1
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M~t:ltW M.tMWI1U!4 !!I1Lt11"Lt1:trtL'GIlWLt1!1,I hL~U~:trt
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tWL' LM. t WLt1!l,In:t1!11M.LL'LM.fttI ~G~ 1 IIL'LllL'!!Ml4~U M.GI,I 11
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OOS'I-OOO'I mLrt:trtL'!!L!lL~!!L'~ (a~alJUO:) l(~~Ua~s

l(~!H Ala A) ULrtL'NL'!!L!lM~UM.Gl,ln14:tM.tM~UM.GI,I
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~fl{~l~iirila\l~\I~lnvf\l~fl\lthlJ lf1t1L~'nl::~1t'!~1~'VImu

~ii fI11~ LLtJ\lLLfl1 \I~l n LUU-n LfI'I:t m~1u~iti'il:: Lii fltfU Pll~

LLU1ihi~N~~::'VI'jl\1~1t'!~1~'VImunu~fl{~1 (Bond

Failure) ~\lLL~fI\l1u'ttl~2.3 ~l'V1fU~fl{~lJUL~l~l~l~fI

L~~rila\l1mfltl

. t'!flamlpbu1h~flYi~u~ [1] lf1t11ti~1~N~~L~~

LtiU~1~L~~frJ1~1'V1t'!~U~\I(Superplasticizer) LL~~fl\l

hit'! fl1.hwfl mii '1.111.1'iluYi L~ '1.1~vhtlij ii1 m hi~~ 1J~WL UU

'iilu1u~ln LLt'!::'hifl1~ 1ti~1~L~~fl11~ 1'V1t'!~u~\I~lmiiun-:h..I..-
'YINNt'!Pl~::U.. .

. H~1~L~~rila\l1~nuflflu.n1Pl auhlLLfi 1~fI.
tIfl'l11'l1t'!lUTJilfl~l\1'mviLtiutianl'l:f~ Ltllt'!fltl

. L~~tI1~lfJ.1~uYiL~u~mti~fl1 t'!U.~. ~\I'iI::d1u

m~L~~tI1~lfJ.1Yi~u~L'n~vi (Cement Paste) 1UflflUn1Pl

~LL tJ \I Pl1 LLa1 ~\I fI fJ.I1l1'ntJfl \ltlUYiL~Ufil. '1.111'iI'iIUU~\I~l n. .. . ..
1iIuvh 1~Yi~U~L w~iirila\l~\ln-:h~1t'!~1~ LLPl'b.ifl1~L~~~ln..

'iluvh1~ flflUn1PlLflflnnLLPlofl1 Lrlfl \I'illn fI1l~fflU~

LflfltfU'illntlijii1m 111Lmtiu LLt'!::m~'VIflPl1~~\I~lntfu

. m~HtJUlf1f1t'!::tJfl\l~1t'!~1~t'!::Lfltlfl 'VI1flmlt1

L~flt'!fltifl\l1l\1tJUlf1Lan~Liifl1u~fl{Pil .

2tJ~ 2.1

2tJ~ 2.2

1tJ~ 2.3

IviI 2 fl1111jmulvllUVPI1J17 1/[JJ1fJ[JUfl;PJ

t'i1U~1t'!~1~'VImu nfl1~L~flnHi1u ~ii fl1l~
v , ,

LLtJ\lLLn1\1~\IiiLilflVi~~lL~~fl LtiUi1uLLmilPl (Granite)

'VI1fli1UU::'l1flt'!~(Basalt) ~\l51Luui1u~QmifltltJUlf11f1t1

jj~~~TJ1~ 'iI::ii~fltlfl1tJulf1Lan (Microcrack) 1uLiffli1U

iifltlO11i1um~'illn l~\ll~ LL~'VIlmnn11m~.:afl'illnh\ll~

L~fl1m~tJUlf1~~fl\lm~ i1um~'ill0 h\l ~fI1~'iI::L~flni1u
..I.. "..:: .:: - ..I..
'YI~tJUlf1Lt'!n LTJU3-4 '1.11 LLt'!::3/8 '1.11 L'n~l::'VIU'YI~tJUlf1

1'VIQ!lflm~~'iI::Liifl~fltlfl1tJUl fILan1uLirfli1uii~ln~\I

'iI::1u~1~~1t1 t'i"Nt'!vh1~rila\ltJfl\lflflUn1Plt'!fI~1t'!\I LLt'!::

~1'V1fui1u~iitJUlf1Lan011 3/8 d1 t'i1u1'V1qjn'il::Luui1u. .
Ln1f1Viii~tI1l\1LLUU iifl1l~LLtJ\lLL~\liifltl Yi\l'il::LUU1iIflflflU.. .
1UL~fl\ltJfl\lrila\lLtiunu

, v
~l'V1fuLL~\lijflL'VIiim ~::'VI11\1~fl{~lnu~1t'!'VImUUU

tfuminmtl1l\1 LLt'!::~uihtJfl\l~1t'!~1~'VImULUU~lFifllfifl.. .. °1:1

i1U~ii'ttl1l\1iiL 'VI~tI~ii,,!~ 'iI::ti1t11'1.1m~uuJ\lm~1U~

~::'VI11\1~UnU~fl{~11~~n1l'ttl11\1 nt'!~ LLt'!::~u~ii~ujh

tJ~tJ~:: 'VI1fliid1flN~n~t'!::Lfltlfl'il::ti1tJVh1~~fl{~lijfiLm::.
nui1u M~n11i1u~ii u1f1Nan'VImU~\I'iI::iijh L1t1U~10n1l

lf1t1jj~~~TJ1~i1UU::'l1flt'!~LLt'!::i1UtlU(Limestone) ~iltl~..

1it '1.1\llUflflU n1PlvT1 11.1 ii N~ nt'!::Lfltlflti1t1 1'1.1m~ij fI Lm::

1~~ LL~~l'V1fui1uLLmilPl~iiNant'!::LfltlfI'iI::'VIlmnn11

~UU:'l1flt'!~LLt'!::i1UtlU..

3. filSflJUf!lJijrunl1Una:::filS\1fllflSUUJCW}
vuiiUJUPlV[J{PJIINUpJV'J':V/'J1;!1 fI1~L~flntlu
11 ..

YiL~U~~ Na Pltfu1 'VI~'illn1~\I\Ilu~iim~fI1u fI~flfJ.I1l1'n~~. .
iifJfJ.I1l1'n~J1L~~mLt'!::L UU11.1Pll~~lm~lu~ril'V1U fI ~\I

U~~'ilfltl'Ufl\l~iJfI~il'YIijfltifl1~i~N~nUfI1l~tfu tlflU... .
1.h~1N~~~fl\liim~1flUN1UPl::LLm \I~l m~lULUfl{ 200. . v .
(Pl::LLm\lViii 200 Pll/'VIU\l1h 'VI1fl 67 Pll/'VIU\lL'l1uPi~m)

m ~1fl Uif'il::ti1 tI Fi fI LLtIn tIuYi L~'1.1~~ Lm: Pl1nu Luu nflU..

flfln 11.1 LLt'!::vh1~flU1l1f1t1UYiwu~ LLtlOPl1flflO'ill0nU ~\I. ..
'iI::LUUtI~:lt1TJUfltil\1~101um~N~~ vh1~tIuYi~u~i~N~..

nU'l.h1~fltil\1vi'1ii\l flmf\lu\liiNt'!~flfl1l~~J1L~~fl LLt'!::
v v ,

Nt'!~flm~"mJulrila\ltJfl\l flflU01Pl vT\liiLiifl\l~11i1lnaPl~l

mTIilt1ijffim~::'VI11\1~uYi~u~nU'lhtfufl~nut'i1utI~:nflu

'YIl\1Lflii LLt'!::tJUlf1flU1l1f1'l1fl\ltlUYiWU~. ..
J1~1~1~flLLU\l1~Pll~~1l1rtm~ H1u\llUflflU01P1

1~LLtl
~ v

u7H1ni.UNHYfJ[JUfl;PJU1N~~flflUn1P1~a\liifl1l~

~::mfl Rfl tI~1f11i1lnmfl fil\1 JliJU LLt'!::~1~OU'YI1U~U'
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L~t 'n~ 1U!!t4LB:SL11nLn~fl11t'~t~11 t4LB:S~L L11t'L~

UfL!\nJ1uLlH'~~ t'tCJ.t~ tZ t4LB:SL11n1J111~&~n~L!\t'~

~11~~S' nyrn~'Bp1f1~,::nmu~!!t'~ibYL~~ u.:UtnI

BBt!!ftt nr."ftt ~~t~:~11t'If~l!!~n~L"~1lB1UB!mt41

"wmY:~1]t'L~~1.I!1YLItL!\t~11 tWt'Bl"~ltllIlI!1Lnlll"U\L
n~14LnIlUB11t4l!!nBttWUL~ltt 'nnn~ItBtll!l'tWnBll!lnll- ~, :-::-.. ::

n~uLltnYBlts'LffSItLtl!!!!:~11n~t'st'~L!1!!IfI:unBI!!~LL!A-

~Nt'~: ~~ n~t' BIl14It~t'~ib1'1L~~~!1ItSmYn~ 'pL~~'

n~ULrtnBn!\11i4tItSNtWt'L~~:tnL L11mLltY1ItYr1tl!!~LL!A-

t'~ ULltnr.MItLtl!!!!~n~L~uBB!1I1!1:unBI!!ItSNtWnlHt:!
Lnlt~14Wt'Bt~11t'St'tU11t'Il11ItLtl!!lt:~UL~UBn BBnnr."':" ~... , "... ...

ItLtl!!!!~n~ (t~ 8/£ B~~) .Itlt or mLIt:t~I!1LnllB~

H-Lttl!!~n~t'BIl14LnllnJ1t'14 ftlt't 1UL&14LnIlBB!1tWUL&I!1!!'

~!b~tI!1Lnlln~n1J1tt~BI!11r1Mt'~ n~Bp'nlrm~u~nI!1Lnll

tL~UII!I11BBtt'B~1U!~B~'!b~lrttt'Bl"n~t'BIlI!1Lnll n~t'~~

i4t I!1gt't"l"t BWIfI:unBI!!t'BlltL~UIfI"tWt'~r19Btfl:&~B~'
nLI!1r1LB~lA.tN:~"ltttItB~~1Itt'BIfIIfI"nltr1Bt 'tNBt~nlt

... I"' - I'" ~ .. - ..

lt~ut'tlA.n~'fttt'Bl":~" tLBtB: 'B~~nr1"ft1¥t'L~~l!!t'Bl"

~~r1LB~lttt~tltnJ1:~ n~~nB1lt'L~~:ttBp~'1!12t't"!!~t
Bt~:~t'~ nLt4Bt~r1LB~tNItIA.r1LB~lttt~tItLtULIl!lIA.S"'

. I"' -"I'" . ~ ~

!4nm~r1ynB1lt'L~~:ttBp~'1!12t't "!II" ItttnlJ'p"nlJ1f1B1l

!!~r1LB~lttt~tItL~U BB!1ItSNnt~ n 1L11:~"!4nlt'~ni\

tWt'Bl":LtM' 1!19~:t~:~"BLpnLt'L!A-~ tBtfllt~UnB1l

r1LB~lttt~tlt lfI:unBl!!nB1lnt BWtBp~'1!12t't":~"t'~L!1

14~ !4nm~t'B!~'~LL!A- ny LL!4'i4tlA.1UtLItLSItLtl!!i4U\L

BM' Uj,ILr1UQBt~It~UnBUItIA.r1LB~lttt~tItLWULItItSNI"' ~ .. "'''1"' .

nt~nLL11twt'Bl":Lt"' HLItL!\:&~:LIt~'!'ft (sap~Ed

UOHE~OI3: PUE tEH) tLBn!!B~~nr1"n!,,"n~'~r1LB~

Ittt~tlt ItI!!ItB~~'p"nlJ ':maU~!!ttl,lH- ~r1LB~lttt~tlt

lI!I:unBI!!t'BlltLUt'Bl"~t'~L!1L~UBB!1!'f&tI!1UU~~L11r1}

I1tLItLSItLtl!!!!t'B~ t'St'~L!1If1~UnBI!!IfI~NtWn1.HLItL!\~

r1LB~lttt~tlt ftln~B~~BB!1n~:~"14ttU P"i4t ~tn~

.Itlt ~i'"t !II"t'~I!1Lnll!!~~Si-nlJ' mnHItu,Ntff

BLtIA.UL&L11It~I!1&1:~"B~':ttWnyt'BU

B~' 14~I!1~N1!11!&J:;tr1:n~wn'!Pt ttl!!!!nl!nL nLt'H-lltt
t'BLI1nnt~"&tS'ItBtlfl'IA.UL~t'~~BLtlA.r1U1tW I!1NIA.ULIt~...::..." "I"' ~ " I'"

i4U\Lt'~"t~t~It~"LUSnlBBBLtlA.~tL!A-:~~tLUnLn!1't'~

ttl!! t' ~n J1t'14 BItS1LffSItLtl!!!!~ t ItY r1tl!!t W P" ULB~t' ~
lfI:unBI!!ItSN:mllnl.Hr1H-I!1&1BLtIA.Uu:&~nt~nt~tt'~It~'

L11It~'tWBI!1J.14t11W":&&LBnJ1t'14i4tr1r1"UBBi4~L~U~ t

n!!1f1~t'~"~:maU~!!IfI:unBI!!~t ~Nt'~ lfI:unBI!!ItSNtWnt

H-t:!L11r1H-t4WBLtlA.!tLL!A-:~ BItS'LffS!'ftt'L!1Bt'~ 11:~HB

B~~~tn!!'n~t'~11BLtlA.~L L!A-:~:Lt"' t'tIl!lB141141411t'~ttl!!

ftlll!l11ni-BL~~L~t'Ht'Bl":&~LBt'~ t'~11~LIt~t'~LItL!\:~

~LB!![1!l~t'LlA.nL [zJ(A.Ia a:mJ.ffiS paW.In1ES) t'~11t~

t~It~"WsnlBBBLtIA.~LL!A-t'Bl"nJ1UL&B!IIt'tCJ.t~ tZ L~t'

n~'U!!t4LB:SL11nLBLtlA.fl11t'~t~11t4LB:S~LL11t'L~LItL!\

nJ1UL~t'~~ t'tCJ.t~ tZ L~t1f1IJ'I!1LB:SL11nLBLtlA.fl11t'Bl"

nJ1l1!1:unBI!!ItSNH-U1tL!\nBpBLtIA.ItB:IfI'tWt'~ ItS:LIt~'

~UB!' t~nlJ ,t'~~ t t~B141BBnYH-t~L11!'f11BLtlA.nJ1t'14

ny LL!4'IfI:unBI!!t'BIli4tlA.1UtLItLSItLtI!!L!",~Ur1BLtlA.H-t:!

!9W L~UBB!1ItSNtWnl L11tWt'Bl"ItLtl!!!!lfI:unBI!!~LL!A-

M~1lSn~'t'~ r1B:'t'L~nB!"'t~!!:~" It~Ut'L~nB!",:maU~!!

t'L~~l I!1LB:St'L~nB!",:LtM' ~tt~BI!111fl:unBl!!nLt'nlHl

ItB~~nlJ ':&L11!'f1mLtlA.~t t~B1!11Yn~I::NItu'Ntlt

n~1UBBlttt~tlt

t'f111:&~tt~BI!11 ULltt~BLBIl!'ft ItI!!ItB~~'!! nLlA.nlA.

t'~u"t'~" 1!1LB:St'Bl"IfI:unBI!!t'BIlItSNnt~nlJ'H- L:&~

Ittt~tlt t49~:t~ItLtl!!nLi4n L:~11ItSNtW t' BIlnt~l!1!1

IfItU nBI!! t' BIlIfI r1ItS my BIfI~ Mg lA.BIt:& B Lt IA.:~" n~ t' Ba... -~ . - -.. -
!![lltsmY B~tL~U ~~IfI:unBI!!i4wtL!A-Btfl:&~ibYL~nt~!!

pItSN~Si-iltUB!'twt'~ i4WIfI:unBI!!Bj!1f1t(JEpaww

lamif) UtlA.11t~nlJ'L~i4tUB:'HBlttt~tlt n~!'f~ttLS

14!!'~tLB~!!!l~L!A-!'ftBB~'~MLg~11UtM~Si-nlJ't'~ BLtlA.

:~"l!1tW BB!1n~ p"i4tng(ajl!.8aL89"V,) ItUNtIt

LBBf1~Si-t'L~H-1.I!L11nB~~'
ttl!!t'~nn:~ t'~LIflt'~WBt~ L~tlflt'a.11If1WnBI!!nBtUH..:: ~~... ...~".. .
lfI:unBI!!Bp'~tM~1lsnlJ'~LB:~" ItSN~Si-t'Bllt~~~B

r1B!I!!'~ t :&PL~~1f1~B~'tLS nJ1lf1:unBI!!L!A-ItSNH-tLItL!\

:&~nBpI!1LB:S~lItSN~Si-t'L~ Lt'L!II!1:lA.n~tLSB~~ n£CL11

t'L~ 14W n~UtM nfl' n~B~'tLS!!~L11H-LtW lfI:unBI!!

L!A-ItSNHnBpI!1LB:S~t1tJ§Ir/WJ§J"LJ1~!'.HLp~n

i4tlfI:unBI!!Itf1twnlHt HBttl!!ltSBM

~BItSN B!U1B~~ n£CL11n~ nil' n~B~'tLS!!~L11 i4t

tIt 'mft'~L!1!!:~"t~t'~11~t y£unI1YIt.nn}HLp~n

ibYL~B~!!!'ftt'L!1Bnyt'L!IIulfI11~N~t:~11t'M11

LI!!Lt!!~!II" lfI:unBI!!ItSNtWn t It~L11ill:~~LB~~ t:~L,g
IfIWnBl!!nLt'r1t~LSBMI!1MWmYItLtBI1:& IttW~LSIfIG.. ~... .....
nLt't't 1UL~B~~ nB~'tfI!!UL~B~1L11t'Ba.ItSNnt~!!!'ft

t'~ !b~ 1nt~~ L~ltttgItLIfII!1~L11:~11L~:t~L11~U~BI!11

lfI:unBI!!t'BIlt'~L!1:~11t~BptWB!IIr1IA.:W~Nt'~:&L11n t

~Bn~B~'~tLSBI!111fl:unBI!!B!IIBLtlflngL!A-:~~mLIt~~nl
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24 tT1L:IJ\Ia1Uf11':im:LIPl~EJ:lJnflU\h1tJ1ii\ll\J1fU rlfl\lvh

1 ~i;UflEJ1U'iiljl11:~:IJ Pi'1N1 LL~\I Lt1UL?iEJ1nUVI':ilEJ LIPlEJU11 U
~

~\lfj:IJ1~LL~\I LLfj:VlNfl L~EJ\lf11':i~\lUVI VlLVlEJm\l

iiiifl7r1J1 (Condensed Silica Fume) 1'ii1V1" ,

Ufl'l/L 'l/fjlU~ijflW1I1'n?i LLfj:LUU~UEJ:IJ 1Uf11':iN~ IPlflflUfl~1Pl,

tll~ \I~\l1uiJ'iI'ip:ru fifl~~nl~:IJ ~\Ifl1':iflVIL~flfl~ij

fjw1I1'n'iilJ.h L'iiI:lJflf11':iflVILLfj:~VILIPl1EJ:lJti~nl~:lJtfu 'iI:

LVliiflunmJuiiL:lJU;) fifl flVlL~flfl1'ii1~~N~lPltfu1V1J.i 'illfl

L':i\l\llU~ijfl1':ifl1Ufj:IJfjW1l1'n~?iijfjW1l1'n'iilJ1L'iiI:lJfl
LLfj: Luu1 UlPll:IJ:lJllPl':i:jjlU ~tllV1U VI ~\l1.J':i':i'ilflEJ 11.1 fh:JfiuVl'iilUVI~ ,~ ,

ijlPltiVl LLfj:rlfl\lijf11':i1flUN1UIPl:Ufl':i\lLUfl1 200 nfluul

1tJ1ii\llU

Hnl ii3.J1'117J11HR' ut" (Su perplasti cizer)

fl1':iLIPl~EJ:IJ'iill':iL.fi:IJfl11:IJ1V1fj~U~\Ifififl LNflmmL~m:

~N~lPltfu1V1J.i'illflh\l\llU~ijfl1':ifl1Ufl:IJflW1l1'n~?i ij, ,

flW1I1'n'iilJl L'iiI:lJflLLfj: Luu1 UlPll:IJ:lJlm~i1U~tllV1UVI ~\l1.J':i':i'il, ~,

fl~1ufil~U:TIVlijVltiVlflUl\1?i

4.UUwDunlStlaDflDunsmrtlao~o
Vli\l'illfl1~vilf11':i~VI LIPl~EJ:lJ1'ii1V1LL~1fimii\ltTUlPlflU,

f11':iN'iiI:IJflflU fl~1Pl ~\Iiifl':hLuua1u~al flqjflfla1UVld\I

11.1f11':iN~ IPlflflU fl~1Pl tll~\I~\I ~ \lijtTUlPlflULLfj:':ilEJfj:LflEJVI

~\I~fl1ud

1. tT\l1Pl1\11'ii1~~l\11 IPll:IJ~1~flflmLUUa1UN'iiI:IJ

flflUfl~1Pl

2. Ltti\l\h~'iI: 1iiN'iiI:lJflflmUU'iilfl\la1ULvll1 nu

LVlEJa1UVld\l'il:Ul:IJl N'iiI:lJnU'iill':ifjVlJlflUl\1:IJlfl1~ Liilnu

3. uluuiiL:lJu;)nu~~nl'...I:IJ:lJlflfjmfl~11~L~lnu~ ~,
,

flUl\1'ii12.ilL'iiI:lJfl

4. vllfl1':iL VIN'iiI:lJa1UN'iiI:lJU ~\lfj\l1ULfl~fl\lN'iiI:IJ

UUUfl:VI: (Pan Mixer) ~\lU':i::fltJur;i1EJ~uiiL:lJu;)nu

~~nl~:IJ~flfjmfl~lL~lnu?iu~1 VI':ilEJUfj:i;ULVlEJtTUlPlflU~ ,

tJfl\lf11':iLVla1UN'iiI:lJij~\lpjfl1ud fifl L~:IJ'illmVli;ufj\lLUU

a1U~fl~al\1ffVl iU~fl:IJ1LUUa1Um~'illflf11':ifl~flnU':i:'VI11\1

~uiiL:IJu;)nu~~nl~:IJ ~1V1juiuuuffVl'il::Luua1utJfl\lVl':ilEJ

LVIEJa1U tTUlPlflU fl1 ':iN'iiI:IJU~\Id 'iI: N'iiI:IJ'ilUfl11~uiiL:lJU;)

~~nl~:IJ Ufj:mlEJ uULuudfflL?iEJ1nUflUl\1'ii1J1Lt'I:lJfl
~

Ufj:Uflfl~:lJfl~':iflU1i;u ~\I'iI:1iiL1fjlU':i::lJlf1.12-3 ulii~. ,
5. RflEJ1 vllf11':iLVlUla1UiiN'iiI:lJnU'iill':iLn:IJfldl:IJ

1Vlfj~Ufj \111u~1fj\l1uLfl~fl\l N'iiI:lJU':i::lJ1f1.1fl~\lVld\l

tTulPlflud'il:1iiL1fjl1uf11':iNt'I:lJU':i:::lJ1W5 ulii VI~\I'illfltfU

'iI:RflEJ1 LVla1U~LVI~flfj\l1u'ilUVI:lJVI~\I'iI:1iiL1fjlU':i::lJ1W

5 ulii Lt1UL?iEJ1nU

11.1~ 3.1

11.1~ 3.2

.I
1UTl3.3

- _Id '
1u'n 3.4

lvil 3 rfuPlfJUm'iNHJlllMd 1;;dlUNHJlITl7t7UfJt!7"HJmVJlfJ

6. RflEJ1 vllf11':iLVlJla1u~ 2 m:IJ1~N'iiI:lJnU'iill':i

L.fi:IJfl11:IJ1 Vlfj~u'iiI\lfj\l1u Lfl~fl \I N'iiI:lJU':i:m Wfl ~\lVld \I
~

tTulPlflud 'iI:1iiL1fjl1u f11':iN'iiI:lJU':i::lJlf1.1'ii11:IJUlii VI~\I'illfltfU

'iI::RflEJ1 vllf11':iLVla1U~LVI~flfj\l1U'ilUVI:lJVI ~\I'iI:1iiL1fjl

U':i::lJlf1.1'ii11:IJUlii Lt1UL?iEJ1nu

7. iila1UN'iiI:lJL~:lJLVlfj1 ij~fl1:tW:fl~lEJVI:lJlflNf\l

Vljflfl1':ilL:lJfj 1~Nt'I:IJ~fl1uu':i:J.J1W 2-3 ulii 1~LVlfj1

:lJlfltfU'nfl1~'iill:IJ1':if1v11\11U1~(Slump flUl\1UflEJU':i::lJ1W

4 'l/:IJ.) U~1LVlfj\lUUUVlafl upjiila1UN'iiI:lJti\lU~\lflU:lJlfl
~

1~Lii:IJJ1L.fi:IJLii:IJflfl LVlEJU~:lJ1WJ1~L.fi:IJd fl1':iL.fi:IJLUU



11.l~4.1

11.l~ 4.2

11.l~4.3

11.1;/4 ffuPliJUfl1nnU~NtVJJt7VtV7'iflPlU~f}[hJJJ.J7fl

fI JJ l1.JthUNtVJJ it"JJ

fllPl'Jlalh!vifl\!h!ih:Wh!~h.!"iJrl':nl'1'fll~:; 0.01 LL~lm~:wvifl

afl'l.h:;:W1W 1-2 h!lii mhll1 'JnlPll:W'J:;lI:;L1~lvh-m.h!m'Jl'la:w

vfllVl:W1'I vfllLLvi\!h!iiL:Wh!riL~:wa:wN'anm1'1hil'l1'JLiih! 30 h!lii

LVI'Jl:;Aflh! n~IPI'iJ:;L~:wrifl Al ~lItJ1'iJ'iI:;ii l'I~vh 1 VI~flllL~:W

tI~:W1W 1.1'111.1m'Jl'la:w Aflh! n~lPI:Wl n~h! 'iI:;LUh! m'JL~lIlI vifl

Alrilallfll'lii~l~lI~flllAflh!n~1PI

8. L'I'IAflh!n~lPIal'l~11'i''iJlntll'Jl'la:W~lI1h!LLUUW~fl

~LIPI~lI:W11' ~lI LLUUVI~fl~ LIPI~lI:W11'if'il:;~fllliinnml'i1aflU

il hjii 'Jfl lIfl LL~:;'Jfl II vifl~fl II LLU U VI~fl 'iI:; ~fl II LLU 1.1ail '1'1 nh!

fl ~ll1?i vfllifLY;mjfl IInh! tll'Jfl1 VI~~fllliiL:Wh!ri LVia riflfl n

'illnAl Aflh!n~1PI1h!~w:;Ylltll'JUl'lfll'l ~lItll'JUl'lfll'lif'il:;Yll

1I'1l1LLUlItll'JL'I'ILUh!vfllVl:W1'I4 iih! L1~lmtiLh!tll'JUl'lfll'l

1h!LLvi~:;iih!tI'J:;:W1W1-2 h!lii ~lIVlall'illn~L'I'ILLvi~:;iih!'iJ:;H

LVliinm:;";lI:WllP1'J~lh!~11 VIAflh!n~lPIal'lllUAlfll'l LLUh!~h!. ~ .
tI'J:;:W1W 25 Afll LL~:;1l1LLuuVI~m~~lUh!1Pi:;ih!tI'J:;:IJ1w

451h!lii 1V1Y111P11:wtTh!lPIflh!mh!VJn1iih!~L'I'IAflh!n~lPIal'l~lI

1h!LLUUVI~fl vfllif'iilh!lh!iih! 1h!tll'JL'I'I 'iilh!lh!Afll1h!tll'J~1

1h!LLvi~:;iih! LL~:;'J:;lI:;L1~lvhtiLh!tll'JL~~lUh! 1Pi:;ih! m'il

.11l~ 5.1

It1~ 5.2

11.1;/5 ffuPliJUfl17NtVJJfliJUflrPl'iJuiJm1JJtV1J.J7;m lufl1nn

tIfm tI~lIh! 11'i'm:W1'l11:W LVI:Wl:;a:w n~ll ~fl IPIl:W1'l11:W-Vh!

LVI~l~flllAflh!n~lPIal'l

9. vJltll'JLLvill~hVl'Ul 1I'1l1h1Ln~lIlItllI'1LLvillib

Aflh!n~1PI1 VIL~lIU LL~:;lh Uh!Almhll~1l1:Wl'1'1l'1aflurilallfll'l

l'I1'Jtll1'1ih 1 VlL~lIu:Wln~~1'I LL~:;11'i''J:;AU1h!LLh!lh!flh!:Wln~

~I'I LVh~'iI:;vJl11'i' (1I'1mi;!Vll:;mruAlfl~ll1vh -m.h!m'J'I'Il'IaflU

LUh! 1t1'1'1'JlIm:;Ufln) Ldfl lI'illntil ihVliila:w N'a~flll Alfl ~ll1

'I'Il'IaflU hiL ~lIU 'iJ:;vJl1 Vltll'Jm:;'illl1 LL'JlInl'l~lI1 h!Alfl~ll1

'I'Il'IatJmT 1.1'iI:;jj Al1:Whja~h La:Wfl LL~:;til N1V1ula:w N'a1:w11'i'

'J:;AU'iJ:;vJl1 VlLiiI'ILL'JlI L5flh!~h!1 h!~h!'I'Il'Iaflu~w:;vJltll'J

'I'Il'IaflU ~lI'iI:;vJl1V1Altll'J'I'Il'IatJUA11:wl'ilh!'I'Ilh!vimL 'JlInl'l

It1~ 6.1

11.1~6.2
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lz/if 7 rfuPlaUf/7'iz/7PlltPldih'JII1JJPl1fJlI1JJ

'flfiltVaVlI'iJJnfillmr[Jv

tItJ"ti'uVll'lt:f'eJU1.j\J~lfrhrl11:IJd~h,Fi)~"vt"ifalLVll'!nLdtJ" :lJl

'ill fl'VHlPim':i:IJtltJ" f')tJUfl~!'1'Iruij f'I11:IJal:IJ1':ifJfu LL':i"~"

Vl1tJLL':i"L5tJu~lfl11LL':i"fll'l:IJlfl fl1':iLLnilfYVllN1V1'1hff:IJNa
tItJ"1'i'1tJ~1"Vll'latJuhjL~Eluif 1umrutltJ"f')tJU fl~1PlLi':i':i:IJl'll

tJ1'i1liii fiflW~:IJ ~1E1ril:IJ:tlUVl1tJ1iiLLNUm "':itJ" N1V1Ul

a:IJNa L~tJ1ViLnl'lfl1':im:'illEJLL':i"~" 1uti'uVll'latJu1~tJ~1"
, , ~ ~

a"hLa:IJtJ:lJlflfj"t;U LL~thVlfuf')tJUfl~lPlrili"tJ"i1 fl1':i

LLnil fYVll~1Eli fi fl1':i~:IJ~1Elril:IJ: tl UVl1tJ1ii LLNUm" ':itJ"

N1V1Ula:IJNaJu hial:1J1':ifJm:vil1~L;1tJ"'illfl1a~vt"atJ"
ij rh rh i" fu LL':i"fll'l~ ~1fl11t1tJ"f')tJUfl~1Pl~"villVi Ln 1'1fl1':i

, ~

LLlPlflVl1mi"Viril:IJ:tlUVl1tJLLNum"ritJuI'i'"uufl1':im:'ill El

LL':i"~ "hi Ln l'It1utJ~l"a)h La:IJtJ

10. ':itJ1Vif')tJufl~IPlLL~,,1'i'11uLLuuVl~tJ24 t1'1'1:IJ"

~"'iI:l'itJ"iJl'lf')~:IJ~1E11a~Vimh tJ1vhtiu LLNUrl~laPifl

LrI':il: LUUfl1':iUtJ"nu fl1':i':i:LVIEltltJ"1.h 'ill flN1t1tJ" f')tJUfl~ IPl

VIi" 'ill fl JU1.h 1'i'1tJ~1 "tJ tJ fl 'ill fl LLU U VI~tJ1tI LLti1 u1.h

W tJwVlll2JVitJ" LUUL1~l 27 1U LL~:ritJU~'iI:'l.hti'u. ..
1'i'1tJ~1":lJlvilfl1':iVll'latJu f'I1':i~'iI:l'itJ"Ul:IJ1~" LLI'I1'I1ViLLVi".. .
auVlL~ElritJULoWtJVlamaEl"N~fl':i:VlU'illflfl1':iVi:IJtJjl'il

iif')11:IJt1U[3] ~'iI:iiN~~tJl'hrili"tItJ"f')tJUfl~lPlm~'illfl

fl1':iVll'latJU

5. AJDm\JmanlSMaD\J

Pi1fJlhJJif 1 1'i'1tJ~1"fbuNa:IJf')tJufl~lPlrili"a"..

LL~:N~fl1':iVll'latJuhfl1':iLL~"£Uf')tJUfl~lPlrli"iil"f')i,,~ 2

'UU1~fliI::'UM'I1~11J tTflthumf1f1IJ J"nYn

" "'
t11~f1::IIOH 11J6~30

A'Hf1::lIm~ 11J61 50

0.40

0.50

" "'
fI1~fI::IIOHmm \ 00 0.10

11U 1.00

8f11Uhuln~

CSF/C

W/C

W/(C+CSF)

SIC

S/CA

CICA

SPI(C+CSF)

lz/if 8 ti'nYfJJ::f][}unrPlil1'l17unr:nI1IJJrlu

f][}UnrmiiiiJ'd1JJf/iiJii 2

11 rI.l'1.2544

'I1nntn (nn.) vl8 mJl1m
lCJ

mmm (JI") (JI')

\IUJu9i' l.h::amlf11 (C) 580.0 0.J8

M1'1j1J (CSF) 98.6 0.05.
'I1numhh (S) 518.1 0.20

ilUU'II'U1t1 3/8,11 (CA) \,209.1 0.45.
\11(W) 130.5 0.13

. .0\
rrm"1Jf1111J1,.,tH'U\! (SP) 34.8 0.03.

'I1"11l'onJl 2,571.1 1.04

1f1IJ ,,"Yn 1f1IJmJllf1

0.\7 0.24

0.22 0.7\

0.\9 0.57

0.89 1.06

0.43 0.44

0.48 0.41

0.05 0.15

. . , . . .
mn1aafl mnlaafl mn It'Iafl

.. . No.2 '-
8111 lfiUJI No. 1 ItUIIJ

(nO/'llJl1 (nOI'llJl1) (nn/'llU1

.
28 1\1 \11 1,348.76 1,293.38 1,321.07

Iw1t/m: H1!)dHlumt.!n1J1ffti''II\l1f1 15 '111.1.'U011'11f1rrtJ1JI'hti
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'iJ:vh llPi' lI1fl LL~: fltJ'IJ fl~ Plfll 'iJ'iJ: 1:IJ1 IPi'fh aiJ Pll:IJ~ IPi'tJiJ fl1~

1~1EI111iiJ Lfl PI'iJl fla1l1V'j fI11:IJtI'lJL VI~1t1tJ iJ fltJ'IJ fl~ PIa ~ ill

LVI~111Pi'~:fiu~ PltJiJfl1~LL~1nVlEj~ LPI:lJ1.h 11Pi' iiiJLL~'iJ: LVI~mh

Vi'iJ:LPI:lJnPll:IJ

2. fl1~rjij!Latlfl1~lV1~tltJiJfltJ'lJfl~Pla~ LiitJiJ'iJlfl

1aal~L~:lJfI11:IJ~'lJ1 VI~rjiJ:lJlmn'IJlu fI1~ 1tial~L ~:lJfI11:IJ

~'lJ1V1~rjiJhhn'IJftJtI~: 5 tltJJ]U~:lJ1W~'IJ-iiL:IJ'lJ1Pi~1:1JflU

~~iil~:IJ l~mhVlufl ~iJ1~tla1'IJ1V1qj~N~PI'iJ:LL'IJ:\hl:IJ"l11

HLn'IJftJtI~: 6 tltJJ]tI~:lJ1W~'IJ-iiL:IJ'lJ1Pi~1:IJnU~~iil~:IJ

l~m.hVlufl

3. m~Lvnh~iJLfI~tJiJNa:IJL~1Ln'IJ1t1 LiitJiJ'iJlfltl~:lJ1W

\hffi tiNa:IJ fltJ'IJ fl ~PlfhaiJrj iJ:lJlm! 'IJ UtJ tI:lJl fl LL~ : ill Lvnh

~iJl UL~1Ln'IJ1 1.1 Jl'iJ: 1~m:'iJlt11 UNa:IJnUU'IJ-iiL:IJ'lJlPitJ~liJ~

vT1iiJ] vh111a1'IJNa:IJiiamfW:LL11iJ fll'iJPltJJ]LPI:lJJ1L~:IJ~iJ

vh 111f11uf):lJlI1fl1ntlijuPl fitJ LVlJl~iJ1'IJLfI~tJiJNa:IJtJ~liJ

til11~tliiJLflPl111J1FitJtl11V1~mhiJaJ1La:IJtJ

4. ~:tI:L1~11'IJm~Na:IJ'lJ1'IJLn'IJlt1 'iJ'lJfltJ'lJfl~PlLn~

m~ritJfi1:1J1fl~'IJ 'iJ:vh111f111:IJVli1~L~:IJ~'IJ ~iJvh111flnLVI

~iJLLUU LL~:U~fl~vh llPi'lI1fl~'IJ fiiJJ'lJPltJiJ fl1U f):IJ111m~Na:IJ

LL~:LVlfltJ'lJfl~PltJ~1I1t11'IJL1~11~Ln'IJ 60 'lJ1Vi (l'IJm~1~mL~:~

~(i.}J'lJ1PitJlt1 m'iJ1tial~Na:IJL~:lJtJU~~'lJ1 TbtIVh111f1tJ'lJfl~PI

ritJfi1til~J] 1'IJTi1iJfl1~Na:IJ l~tI~l~vh 111f1tJ'lJfl~PI~ij!Latl

fhaiJiiJ1 'IJ~:tI: LL~fl LL~:~:tI:1I11)

5. i1ij!VllLL~:t!tIa~~fI'iJlfli1'iJ~Wll tI'lJtJfl~vh 111fl1~

Na:IJVlEj~tJ:~fll~PitJLiitJiJ LTi'IJ1'rlfiu LfI~tJiJNa:IJLatl LU'IJ

PI'IJ LU'lJalLVlIi1111Na:IJ1:IJ11Pi'1I1t11'IJL1~1~tllV1'IJ~ VI~tJfll'iJ'iJ:

Na:IJ PitJ1:IJ11Pi'L~tI~iJvh 111rjij!Latl1a~~tllaiJ Na:IJJ'IJ 1uiiJT!~

LU'lJm~~'lJLtI~tJiJiJutI~::lJ1WtJ~liJ:lJlfl fiiJJ'lJfI1~iim~m1'iJ

atJui1'iJ~tlfilt1'IJtJflPiliJ1111V'jftJ:lJritJ'IJ~lfll~Na:IJ

6. i1ij!Vllf111:IJ1~L~tlUU'lJN1V1Ulfi1tJ~liJVI~atJU aJ]

N~111V1\,l1mL~iJfl~m:'iJlt11~aJ1La:IJtJ iiJVlUlrl~ L1~1

VI~atJUtllaiJfl~ m'iJ~1111Ln~m~1ul1IPi'1mL~iJL5tJ'IJ~iJtllaiJ
v. v

tltJiJ fltJ'lJfl~PlalV1fu LL~ iJ L5tJ'lJu'lJiiFilp'hn;j, LL~ iJfl ~:lJlfl fiiJu'IJ

PltJiJtltJiJn'IJl~tlfln 1tiLfl~tliJ LL~:/VI~tJ m:'iJflUl~N1V1Ul

rl1tJ~liJfltJ'lJfl~Pla~~tJFJ"l'IJLL uUVlatJ 111L~tlU LL~:llPi'~:fiu

:lJlfl~a ~ L~tJ 1VIlIPi'FiltllaJ]fl~~ LLi'iJ~iJtltJiJfltJ'lJfl~PI'iJlflm~.
VI~atJu

7.a~tJ
~1 tI iJl 'IJ~ uuifllPi' \.11 La'IJ tJ LVIflU fI LL~:1 n f11~ Na:IJ

fltJ'lJfl~PltllaiJrjJ]~iJiiFilfhaiJtI~::lJ1W 1,000-1,500 flfl./'lI:IJ.2

1~ tillPi' flal1 ii iJi1 'iJ~ tlal FIij!~ii N~ PitJ tlla iJtltJ iJfltJ 'IJfl ~ PI

1 'lJ1I1 flVlf]1:tD LL~:fl1~UijUPlL ~tJ 111atJ ~fI~tJiJ PI1:IJLL'lJ1

VIf]1:tD ~1:IJi iJf11~tltJ iJn'IJ LL~: LLm tlt!ua~~fI~ Ln ~~'IJ

1'IJfl1~tIijuPi ~J]'ij~~fh Flij!tJ~~f11~fI1U f):IJf)W1I1V'jfl1~

~liJl'IJVlmf'IJPltJ'IJ 111~~a ~ LV'j~l:L U'IJ iJl'IJ~~:Liitl ~ ~iJ 1'IJ. .
f11~Na PIL~tJ HiJl'IJ'iJ~iJ fll'iJ'iJ:PltJiJ~lf11~~ (i.}J'lJ1V1U1t1

fl1~LPI~tI:lJ1a~ fl1~Na:IJ LL~:flnU:IJL~tJ111fl1~~liJl'IJii

tI~:aVl fi1l1mL~: fl1U f):lJllPi' ~ J]~ J]LVlalif PltJiJfll FTtliiJ

VlfV'jll1muflfI~ LL~:L;]'lJVI'IJ:lJlflV'jtJfJ:lJfI1~. .
mhiJl ~nPll:IJ tltJ:IJ~~llPi'\'hLa'IJtJ 1'IJUVlfI11:IJifLU'IJ

~

fl1~L U'IJ L~tJ 111 fltJ'lJfl~PlllPi' tllaiJrj iJ:lJlflPl1:IJ PltJ iJfl1~L ri tI J]

tJ~liJL~tI11:IJ1IPi'Lu'lJ1U1'IJf)wa:IJUPl~'lJ1 LTi'IJfI11:IJal:IJ1~{J

hmn 1 VI~ LL~:~:tI: L1~1 fl1~~1 iJl'IJ tltJiJ FltJ'lJfl~Pla ~ fl1~

VI~ rl1t1tJJ]FltJ'lJfl~PlVlaiJ'iJlfl LL~iJrl1LL~1 Fil1:IJ~aav~VI~'IJ~ .v .
f)wa:IJuPlfI11:IJVim.h Fl11:IJPll'IJVll'IJanLFlii LU'lJPI'IJ-iiiJ

f)Wa:IJUPiLVlalifiifl11:IJalF1ij!PitJm~ 1tiiJl'IJ'iJ~J]~iJPltJiJ~lm~

Afl1:tl LL~:1 ~ m~:IJ LPI:IJ tJ~1 iJutJ tltltJJ,j~ 1 'IJUVIfI11:IJif~iJ

\.11La'IJtJfI11:IJLU'lJlulri1.'lJfl1~N~Pl1 VIllPi'tllaiJaiJn'iJ:LU'IJ'iJ~~ .
~'iil LU'lJPitJfl1~

, ,

L1:IJPI'IJalV1 fu fl1 ~~ (i.}J'lJlf)wa:IJuPlii 'lJ1

1tiiJl'IJ'iJ1iJPitJlu
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