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,

crete, RCC) ~Afl'lJn~~ltJ~1bU'lJ~fl\liifmr\l~\I'l'lJb1~1~'lJ 6J

L"Ii'lJ \l1'lJl"lfl'lJ n~~'U~flI?1L~m11 r;11L~fl'lJU1 naJ~~fl\ln111~..
'" .,1"'0 ~ '" ~ .,I ~ '"

Afl'lJm~'YlaJm~\I~1'lJ1'Ubb1\1nl?1'YlmEJ 91 1'lJ b'Y'lEJ\I102 nn./.
~1.'1IaJ. L'Yh,T'lJ 'l'lJ\l1'lJ~5aJAfl'lJn~~1~iLc11~flEJ~5aJ'YlI?1Lb'Yl'lJ

0 I" "S ".I .,I.. T !I '" '" '" '1 ..
ufl1~bL~'lJI?1"(JLaJ'lJ~u1::bf1'Yl'Yl1 fI\I 68% I?1EJb"llLm~flEJ~nb'lJ~

124 nn./~'U.aJ. bb~::'11baJ'lJ~LViEJ\I58 nn./~'U.aJ. tlfl\lAfl'lJn1~

~5aJbU'lJAfl'lJn1~mtJiim1EJ'Ur;11 (no-slump concrete).
ft1'11f'UHi.'lJ\l1'lJAfl'lJn1~'U~DI?1 (Roller-Compacted Con-

crete, RCC) ~\l1~iwater cementitious ratio (w/p) 0.66

~~m~'Y'I'Ui1n1~\I~1'lJf'ULb1\Inl?1~~'lJ1:a'lJ1U5\1(1\196, 169..
.,I ~ ~ ~

bb~:: 198 nn./~1.'1IaJ. 'Ylm~ 28 1'lJ, 91 1'lJ bb~:: 365 1'lJ
0 "'

~1aJ~11?1'U

'1 ",.,I", !I.'" '" "' '" .. &'
'lJmfIJ'Yl~fl\! m1b'l1 Afl'lJ m~'U 1?1fll?1aJA11aJ LLtI\ILb1\I5\1t1'lJ..

'l'lJtlfIJ::~m mJ\I'I!flm"li'lJ \l1'lJY11 tJ11i1111i11t1fl\lfl'lJ'lJAfl'lJ n1~.
d '"

(Roller Compacted Concrete Pavement, RCCP) '1I\I~fl\!
'" .,1"'0 "' "'"' .,I "' .

m1Afl'lJm~'YlaJm~\I~1'lJ1'Ubb1\lnr;1'YlmEJ 7 1'lJ 5\1n11 250. ..
..I !I'" ..I . 1 &'..",nn./~1.'1IaJ. nn~. bAEJb"ll511b"llflaJu1::51'lJaJ1ntl'lJfI\I1::1?1'U

'" d !I "'~ !'I '" '"
365 nn./~'U.aJ.tlfl\!Afl'lJm~ '1I\lb'lJmfIJ'lJLI?1b"llbm~flEJU1::-

aJ1fIJ 50% TI?1EJ~1'11,rntlfl\l511L~flaJU1::51'lJ 'lif011 w/p

U1::aJ1fIJ 0.30-0.32 bb~::'li~1m~I?1~1 (water reducing

agent) U1::aJ1fIJ 0.5-0.7 ~~1/fi'U.aJ. tlfl\lAfl'lJn1~

1/1-s"v~KiJ,,,,in!JU1~ 10 c;1U V~i~,(f1f1iJV;j~NtfaJJ1
a:;:t :;.....

1I-sZaJ1m 15-20% ,iIU1fU-SiJ~WU'YI1~'YI~"'YIU1fU~Uf1n-S~"
!JiJ~"Uu.n1V 1Urlil-S~n1-SriiJtfT7~r-S~7W-fh"aj'aJ1Z

'1 '" .,I '1 '" '1'"
2.4 'lJ \l1'lJ b'YlAfl'lJ m~ b'11~1'Yl51aJ11f1 b'l1mtl1 bL'U'Ubl?1bfl\!

TI?1EJ1tJ~fl\!'lim1J'lJ5::b.y;fl'lJbi1"1i1EJ (Self-Compacting High
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11 :~II,OII,'.O~"\[~.I(!-

~ ~

v"i",if1ffSVNtfIJU121"i::1J1m 15-20% w1luff:: 15-20
~,

T

~ ,. ... ,III...'~' III.
'lI1J.tmfJU1fUW1"S'US4nUu.;USVn?1 1.5 IJ. UWUff

2l"i::1J1m30,000 "".IJ. ,;is''iS4;Vj1U.,1nF/21n1m'1WYI1
~

t14WIJ""S4tff11U7WW1U14f4wiw1:: 3

Performance Concrete) ny.j~. LFlu'liLt11~ElU~~UJ'Yl~LLYI'IJ
~ ~"" ~. Id. I

Tl.Jmj;1LL~'IJ~'lIL~'lJj;1u'7::LfI'Yl'Yl 1 u'7::~1CU 50-55% ~u
, u ~ ~"".~'lJ1't1'IJn'llEl-.1a1'7L"lIEI~1.J'7::a1'IJ'1I-.1~u'7~1CU'71~525-600 nn.!

mJ.~. 'lIEI-.1F1E1'IJn1j;11~~a~admixture 1.J'7::LfI'Yl,f1m~~,f1

LL~:;,f1m'li1u'l't1''t1~~'lJLti'IJ~L~~(super plasticizer) 1.J'7::~1CU

1.5-2% T~u,f1't1,yn'llEl-.1a1'7L~EI~1.J'7::a1'IJT~u'lirh w/p

1.J'7~1CU0.28-0.30 ~a~1~FlEI'lJn1j;1L't1~1M'lJhiiim'7LLUni1

(segregation) hjiim'7L~~i1 (bleeding) LL~iiFJcua~\J1i~

~

n1161,Sv4F1sunf"1J1v"i"iI,,61U11ui?4tf,,n1Vf"v 11,
,,,fs4inro,,i,,,WV41f,,,ifv?71147UV"i",fsu211nlJff, .
;J4,fJu,fsuFlsunf""U1"45,000ffV.IJ. 7~tf;9n1V1u. III .
'?ff1'WV4 4 ,"SU (11.". 2536-1J.". 2537)

" ,
..n" . ~.~

.

ia"
'''''~

'
''

, _a .. .!
..-; "p "'" ,';~ "..,.".:

I""';~ ~.; '-';;: .~., ~~
¥:=

.

:" ..'

~'-=r.:';'-' ~ ,.,...' ,, ,. ~ '~

"4 - of' V'--~~
"

1
.

... .-1
.. -"I .,

.....:;p' .'~ -' ,I I

'-'I' ,. :#;
.

'

I
--<;i'~~"~>!!If!:A .

. ,
) ,

IJ.N. £. a... ... ...
"'''itlV''"SU'ffnWn 10 9IU V"S" no slump concrete
..J. £. .. 7 f', ffl..J ~ f'
fflJhJ1ffSVffn U"'WW1::bJUn?UNtflJff"UffU"ilWU" 68%

1U41uriStf;'4,fsuFlsunf9lv"i" (RCC dam) 1ud?u

vniJ491vflf",4n1,riStf!14,fisu211nlJffv

~'lJ1't1~1~~1U(flow diameter-60-70 cm.) LL~::'l~FlEI'lJn1j;1
d"" 0 u., U d U 'I. U
'Yl~m~-.1j;11'IJ'7\JLL'7-.1n~'Ylmu28 1'IJ L'IJ'7::~\J370-390 nn.!

.. .
j;1'7.'11~.

2.5 'liLt11~ElU~a~'Yl~LL'Yl'IJ;gL~'lJ1JI1.J'7::~1CU 20% T~u

,f1't1,y mti'IJa1'7LiEl~1.J'7::a1'IJ'l'IJ m'7't1 riElFlEl'IJ n1j;1\J~Eln Tl.J~-.1

minEl ~,y-.1 LL~::FlEI'IJn1j;1\J ~EI nri\Jm iL ti'IJ i1WiJ EI'IJ'l'IJ-.11'IJ

.r
l.JVi'IJ'Yl1-.1..

3.~flU1I1'W"lIiHIL~1~i}uifl1\LG1'L\LfI1'nh 11J141'1J'5:1U'lf11
,... ...

G'l1\Li}\L

3.1 'liFlcua~\J1iLt11~Eluf\n1'IJ1JI~-.1~a~~1~n\J;gL~'lJ6Ii'.
LL~1nml.JLU'lJnEl'IJLL~-.1(solidification) 11.J'li1u-.5'\J~~EI'lJJl1F1.. .

T~'t1::'t1,yml1nj;1::nEl'IJ'lIEI-.1LftU (waste) m'7'lie1~'71cl1'IJT~u

,f1't1,ym::w:h-.1Lt11~ElU~EI;gL~'lJ1JI1:1 '>iJ::nmti'IJa1'7LL~-.1';1~

iiFJcua~\J1i-.5'\J~~T~'t1::'t1,yn1~~n11n1'7'li;gL~'lJ6Ii'~1'IJ') LU'IJ

i1-.5'\J~~ Lm::L";'IJ1~i~'l 'IJn1'7-.5'\J~ ~ a1'7TFI'7Liiu~ LdElLt11~EI U

LL~-.1i1LL~1'>iJ::fn~1F111~FI-.1i1(stability) LL~::~~i\JT~'t1::'I1,yn..

111~~ hll.JriEl u a1'7~~'>iJ1 nn1 n'll EI-.1Lftu'l~ LLVi~m::'>iJ1u11.Jcl..

~-.1LL1~~EI~ ('lJqjjj;1 ~ij~1'IJ, 2538)
'I." ... .., ~ , !I.'" d

3.2 L'lILm~ElU~nL'lJj;1LL~L~1::~1~::~1UL'lJm~Ln~EI LViEl

~f\j;1Lti'IJa1'7'li1m~-.1n1'7j;1nj;1::nEl'IJ (coagulant) T~Ua1'7;f'>iJ::'

'li1 u~ ~ LL'7-.1~~ m::'t1 11-.1E1'4Jl1 FI'lIEI-.1a1'7LL'lI1'IJ~EI U'l'IJ,f1 (sus-

pended matter) LL~::EI'lJJl1F1colloid ~nElFl11~'lI'IJ'l'IJ,f1~-.1M. .
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YI1'l..;mun fOILVIghJ'lJi1.J~111 i1 n'IJLL~::r;!nr;!::nfl'IJ~~1I1~~YI1.
, ,,0"<) .¥ ..I A .¥ ,¥ 0 <)" "VI'lJ1~ff"/l'IJ ff1~'Y1~~r;!"/I'IJ'lJff1111~fI'lJ1111~'b'LL'Y1'IJff1~ff1lLL~::

ferric chloride ~~'lin'IJmjr;!111'lln~'l'IJh~1~rh~~~fOI1111..

1fl'IJ'Y1nLLvi~m~'liff1~~~~r;!liI1nLt11~fl~~n1'IJ~-d1~'l..;'ll7::V1~r;!.
~h'li''ih~~~1~'ll7::1I1fIJ48% Ldmfl~1.Jn1.Jm7'li,f1m ferric

chloride (171.mru fiJflJ11'IJ1n"ilLL~::fOIfIJ::,2537)
~. ... ~. ... ..I

3.3 m7'Y1~~fl\l~'lJLLfOI'lJ1~1Lm::~'lJL~~~'lJ7::~::4-5 iJ'Y1

~1'IJ3J1dVi1.J11L(i1~fl ~~n1'IJr;)1'lll:Jff1ln1.Jmn~::nfl'IJ,f1La~
<)"'..J ..I ... ':"1 0 "'..~'IJff ~,,1'IJ 'YIVifl LVl1I1::"iI::1IF1flJF11Lu'IJff17fl1'Y117ff1V171.JVi'b'.

(plantnutrients) ff11117f1-d1~d~m7L"iI~qj L~1.JLr;!"/Ifl~~'b'VI~1~

'b'ij~'l";Lj1~'lJn11m7'liiJ~LF1ii-rY11'll'll7::1I1fIJ 1 L'Yhi1 ff17.
"'"

.
IV dd..!'. ...

,0v"'1nmwwm no slump concrete t7lJh,1i1BViln-

7u'&f1...u/?UNf(IJt7~&mu4J&IJU'50% iI.:J1u,0 paver

tj.:J9::vtiBv"BUnf9'lf(~BBnIJ1t71.:Jn1V'0 r~Vii"?1IJW1

f(ai1&f(IJBnuriBuv~i~v'::1J1m 77 IJIIJ.

~ff1ld~~LVl1I1::n1.Jm7'lm'IJ~1'IJ'll~ntl1 LL~::'l'IJ~1'IJd~m7L"iI~ru.. ~

L~1.JLr;!"/Ifl\l~'b'~hi1~"h ~~1I1f1.J'll7::'YI1'IJLL'lJ1'Y11~i~m7n1.J

.. .:: ~. I ..J '¥:"I A'" '"
"/Ifl\lLVI~fl'YI\l(waste) m 2 u7::LfI'YIL-tl'IJ'lJLu'IJ1f1'Y11\1"i1~m7

nUUqj'YI111i;ifl11~En'IJ1~'ll7::L~'b''IJ''IJL:a~1.J1n'l...rn1.J~~LL1~-

"'fl1lLiJ'\Jmh\l~~(Michaed A. Powell, 1993)

3.4 'liLiJ'lJff17~ff1lL-ri1lL~m~~-dfl~11\1(filler) 'l'IJ\l1'IJ
0 <)".1 "'.¥ .~ I <)"

asphaltic concrete 'YI1~'YIu7::'YI~~L'lJflm~LLflffn~'Y1'Y1"i1::~'b'

'l'IJm7Yi1~1"i171"i17 (asphaltic pavement) 1~~~~n11 filler
Ad" ..J~.'''' " 'I. '" .'1'b''IJ~fl'IJ L~71::LfI1~fl~,,1'IJ~'YIru1l"/l'IJ1~L~n ~'lJ7::~1.Jw'IJ~::flfl\l

~ .

~1L;~1.JLLti~ 1aJii7~7'IJ~~hi~~oF1.J,f1m~1I1n LL~::iiafIJ:;1'IJ... .. od

n~1I ii surface area 1aJff\l~\I~fl~m7m1l1f1Jm\lLLflffw~r1..

L~fl LfOIfifl1.J~1fl'IJfl1 fOI'l...r-rY1'l'IJ~1'IJ1'IJ1aJ1I1 n m71:J ff1l L-n1n1.J.

... d If_!..,.e 4
(.:J1UV~B~OUU"BUn'9'I W&J1'IJ&'Jfiln Roller Compacted

IV

Concrete Pavement, RCCP) "i'.:J&&"in1uv,::m,,7t7v

1"ov~IB& 'Jfftn&&iI::,01J~IBV1.:J9'l1IJVn,;;

.¥ .~ .. 0 'I'" d ... A ..
L'lJflm\l LLflffn~'YIff11117f1'Y11 ~~\l1 ~ L'lJfl\l"il1 n1lVi Clr;)m73J L'YI1Ifl'IJ

ball bearing ~\I-d1~'l";1fff;Jl:Jff1liifiJflJff1l1.J~1'Y1~~'IJ~(flowa-

bility) LL~::1.J~5~1~~1~(compactability) 'lJfln"il1nJ'lJa1'IJ

I:Jff1lmiLt11~fl~~n1'IJ~'YI~\lm71.J~5~"iI::iiL;fmLll'IJLL~::~1'Y1,j1

~LLti~LL~\l1I1nn11'lln~ ~~-d1~~~m ~m7'li\l1'IJ"/Ifl\I~1"i171"i17.

'l...r'IJ1'IJ~~~'lJan~1~

1J"if,tJ
'I

'l 'IJU"iI"iIU'IJLrl'1~ fl ~~ n1'IJ~ LLaJL1I1::ii F1fIJ ff1lU~ F1fl'IJ-n1\1. .
ff~1 Lff1lfl LL~::a1'IJ'l'YIqj fl ~'l'IJ LnfIJ6t1111r;)7j1'IJii fiJfIJff1lU~

..I 0 <) !;<) ... 'I "..." A,!"'"
L'YI1I1::ff1l'Y1"i1::'lJ1111~'b'~'IJ~1'IJfOIfl'IJmr;!~~~ LfI1~fl~~n~'lJr;)1I

d . I ..I ~."'" ..
fOIfIJ ff1l1.J r;! L'b'fl1l u7::ff1'IJ 'YI'IJ fl n"il1 n"il::ff13J17f1~'b''YI~ LL'YI'IJ"lIL1I'IJ r;).
1~1.J1~a1'IJ'l 'IJ\l1'IJfOIfl'IJn;r;!-rY11'llLL"'1~~ ff11117f1 L-ri 11 fOIflJfl1~.
fOIfl'IJn;r;!'l...r~~\I~'IJ n11 L~1I'l'IJ\l1'IJF1fl'IJ n;r;)~ ~fl\l m7f01f1Jff1l1.J~.
~ Lf01~1.J1\1'll7::LfI'YIa n ~1 ~ I?I\I,T'IJ Lrl'1~fl ~ ~n1'IJ~ LLaJ L1I1::~\lii

,.rn ~fI1~ ff\l~"iI::,j 1111'li'll7:: L~'b''Ifft1'Y1f1.J~1'IJnfl ff11\11~fl £h~..
" ... T:" ..I '" 'I. r'I.!;<) d 1"

m1~"/I11~ LL~::1ILL'lJ1~'lJ1I'Y1ff11117f1Vi ~'lJ1 ~u ~'b'~'IJ\l1'IJfl'IJ ') ~

an1l1n1l1~ m7,j1Lrl'1~fl~~n1'IJ~1I1'li'll7::L~'b''IJ''IJ\l1'IJ~1\1')

'YI1n1~fl1,.r ~'YI~ n1'b'1 m~LL~::fl1,.r ~ L'Y1 fOIij fOI~ LVl1I1::ff1l 'IJfl n

"..I ..I " ,. 'I " ..I... ... . I '"
"iI1 n ~'Y1Ln m"/lfl~ ~~ ~ r;!7~"iI:: ~~ ~ ~~1'IJ'Y111 fOIflJfI1Vi ~ u~fl ~fI ~.. .
LL~::F1\1'Y1'IJn11L~1ILL"'1 fOI~"iI::-d1~'l...rLi1"/1fl~LfOI7\1m7LL~::~ ..

nflff11\1'll7::'YI~ ~F11'li"ii1 ~~~ l~a n~1 ~ ~~1'lln11J'IJ'YI1nLt11

~fl ~~n1'IJ~LLaJL1I1::1~f1.Jm7ff,j' 1.Jff~'IJ"iI1nfl1 fOIfjLL~::fl1F1

Lfln'b''IJ L~~~1\1-d1~n'IJ,j11'll'li~1'IJ1I1n~'lJL'Yhh'll7::L'Y1f01'b'1~
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~
I
f
I . 8',111.1..

n"il::1rA'th::Ta'!lu'ULL~ft~f\11::011i~011rA'1U'tIi~aJftf\11::3.l1n

J ,~
'tIULfl1UU

U£ln"il1mfuEi"U'ULtJU01'r'll1anUVtftn~uil1't1£1"L\1fl£lfu

it1.if'i1l~ nft1a LtJU'tI£I"ii\J1::Ta'!lULLr1,j'1ULiI£I"'tI£I"L11 'lU'tICU::

L~m nu Ei"a1aJ11C1\J1::\1Ei~Vt~""1Ua1U\1~"'tI£I"'!I1;\YltI n;\

"iI::~£I"Lfla1t1'lu'!I'U1U011~ftlJl;aLaJU~(UaJ1'li ~""iI::LtJU011

ti1a'U11Lfl1011L~aJFl11aJi£lu'l~LLn'Tftn (global warming)
~ ".. " ."... ~ .. 'I.". I T ~. " Jft"L~£In~1a O11U1LCI1ft£laftnLUlJlaJ1 L'!Iu1::La'!lU L\1aJ1n'tlU

mh"1£1'UFI£I'U~"U'ULtJutl1::Ta'!lumh"~"yf,,lJimni"1UT~a..

1J11"IJi£lFl11aJ LtiU£I~YI~'tI£I"tl1::'!11'!1U T~aa1U11aJlJi£lLfD11~n"il

'!I£I"tl1::LflfD1'!11;\ LLft::~£I011fnM1~" LL1(;1ft£laJYI~'!I£I" Tftn'l~ii

£l1 a~u lI11£1£1 n1t1 LtJuYla~. .
III A
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1. aaJia nnfnLL\1", O11U1L()1ft£laftn1u~aJ1'litl1::-

Ta'!lu LtJU1a~ r1£1ai1""1U ~U, L£lna11t11::'!1aJ'l\1n i1'!11011. . 'U
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2. aaJia nnfnLL\1", O11U1L()1ft£laftn1uIJI1t1'l-a'lU"1U

. r1£1ai1"'!I£I"n~~., L£lna11t11~aJ'l\1qj1'!11011fl1"1fD11m1aJ. ..
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!'I..J ."' it ,,,... .. ",..I

L1JU"1u~aaJa1F1cy U"1unmf11"L'!I£lUFI£lUmlJl'U~£I~fl

Self-Compacting High Performance Concrete

(SC-HPC);/1t,1J'''Ifl7w&ul,mJv7/6tf"v UJls"s,ffvm"l

iWf::,ffsu,I"hv iI,ihssvSn 7uI£i/uthUNItIJ2h::IJ'ru

50" now diameter lI"I::IJ,ru60-70 'JIIJ."s::7,Mi"m"l

bleeding tAs segregation 1uFlsun;"It"

fU&1ihS ]1

wftsFlsun;" HPC ,I,"vv~?i",n EGAT ;/iitls"
, "":t ,.,. ~ ...J

f'lS'US"FI"'FlV? "SI:WSS'!I'UVVV,Ss",It, flitS. ,UfI?U

"J. . 4 --- ,,.."'IJFI'U"" 2 ",""",,"s::IJ'WSmfl"lIJWU""'/;U ,,,vm.
FlSun;f'I HPC s"tlv"vs"flS""vv,wv"fi,"mi,,,6tV?.
"&?lIftSV1wFlsun;" !w&ul"IIJ"VV's" f"v 'U/llm"liu

A "...J
It::mSU/;fl'1':o?V
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