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R= ?amtQDt 290000 xHwD p@=k |R} QuD@ sHL =@ w QDt 3910 pw] x@ 'uB=S
|} wHxiQY �20 ?@U 'Q}N= |xSwQB QO sm =QDOwN uD@ R= xO=iDU= "CU=yv; |xrtH
xO=iDU= [7]"CU= xOW |rwtat uD@ x@ C@Uv 'CN=U QO �p=U 2 OwOL� |v=tR
=@ 6=m =Rw= CmQW 5|Hu=p= s}_a uR=Nt |=yxQ=w}O CN=U QO sm =QDOwN uD@ R=
Qwt= |xv} Ry QO |} wHxiQY �67 Ea=@ ?amtQDt 12000 OwOL |R} QuD@ sHL
|q=@ sm =QD Cra x@ [8]"CU= xOW CN=U u=tR QO |} wHxiQY �18 w |}=QH=
'uB=S 7|=t=ywmw} lQ=tOvr |xk@] 70 GQ@ |x}rw= C=k@] |=yuwDU QO =yQwD=tQ;
sm =QDOwN uD@ =@ ?amtQDt 900 OwOL Q@ dr=@ |R} QuD@ sHL =@ xSwQB R= VN@ u}=
sm =QDOwN uD@ R= R}v u=Q}= CavY w sra x=oWv=O QO QU [9]"CU= xOW |R} QuD@

"CU= xOW xDN=U
u}vJty w sm =QDOwN uD@ |m} Swrw�Q w |m}v=mt X=wN |wQ |OOaDt C=ar=]t
Q}F-=D |UQQ@ x@ '2014 p=U QO |}xar=]t QO "CU= xDiQo CQwY |Di=} R=@ uD@
xOW xDN=OQB sm =QDOwN uD@ C=}YwYN QO |Di=} R=@ |xv=OnvU Q=DiQ |Qy=_
x@ hrDNt Q=Okt 4 =@ |Di=} R=@ |=yxv=OnvU |v} Ro}=H R= u; QO xm [10]'CU=
u; QO u}vJty "CU= xOW xO=iDU= sm =QDOwN uD@ QO |a}@] |=yxv=OnvU |=H
xR=D uD@ |wQ Q@ 9 L |x@aH w 8 V h}k 'T50 u=tR 'AtqU= %|=yV}=tR;
|WWm '|Q=Wi Ctw=kt |=yV}=tR; '|Qw;pta R= TB w xDiQo s=Hv= sm =QDOwN
xm CU= xOW |Q}oxH}Dv w |UQQ@ |oOW?wP - |oORM} uwtR; u}vJty w s}kDUt
'|Di=} R=@ |=yxv=OnvU u=R}t V}=Ri= =@ 'sm =QDOwN uD@ x@ \w@ Qt |=yV}=tR; QO
V}=Ri= L |x@aH w V h}k XN=W Q}O=kt w Vy=m T50 u=tR w AtqU= Q=Okt
u}vJty "CU= xDi=}Vy=m sm =QDOwN uD@ |v=wQ w |};Q=m u=R}t 'xH}Dv QO "CU= xDi=}
u=Wv |Q}otWJ Vy=m hrDNt |=yOYQO QO =yxvwtv s}kDUt |WWm Ctw=kt
|Q=Wi Ctw=kt u=R}t '|Di=} R=@ |=yxv=OnvU OYQO V}=Ri= =@ =t= 'CU= xO=Ov

"CU= xDi=} Vy=m
s=wO w ?PH u=R}t xm OW xO=O u=Wv p=U u=ty QO R}v |Qo}O |xar=]t QO
|a}@] |=yxv=OnvU =@ uD@ x@ C@Uv '|Di=} R=@ |=yxv=OnvU =@ xOW xDN=U uD@
|SQv= w CQOk |UQQ@ x@ '�2014� 10nv=S w |y u}vJty [11]"CU= xOW QDW}@
CLD |Di=} R=@ |=yxv=O CUmW Q=}at w CQOk |=y|oS} w w sm =QDOwN uD@ CUmW
w QDt|Dv=U 15 � 15 � 15 |@amt |=y?r=k R= w OvDN=OQB |QwLtxU VvD
|Di=} R=@ O=wt |w=L |vD@ |=yxvwtv CN=U |=Q@ =yxv=OnvU Cw=iDt |=yOYQO
|Q=Wi Ctw=kt xm O=O u=Wv |@ QHD G}=Dv "OvOQm xO=iDU= |QwLt xU V}=tR; |=Q@
x@ C@Uv |QwLtxU V}=tR; QO |Di=} R=@ |=yxv=OnvU |w=L sm =QDOwN uD@ |=Q@
C@Uv x@ =yxvwtv Ctw=kt 'u}= Q@ xwqa "CU= xOw@ |rwtat uD@ R= QDq=@ |QwLtlD
O}OHCUmW Q=}atl} =Pr "CU=\@DQt |Di=} R=@ |=yxv=OnvU |v} Ro}=H OYQO
x�=Q= |QwLt xU VvD Cr=L CLD '|Di=} R=@ |=yxv=OnvU =@ uD@ |=Q@ QDt=Q=B 6 =@

[12]"OW
|=yxv=O ?}mQD w |m} R}i X=wN '�2014� u=Q=mty w 11=wr}U u}vJty
CUO x@ |Di=} R=@ |=yxv=OnvU w OvOQm |UQQ@ =Q uD@ QO xO=iDU= |=Q@ |Di=} R=@
OvOQm |Ov@xk@] '=yxYNWt |NQ@ x@ xHwD =@ =Q |D=a}=[ |=yuD@ uOQm OQN R= xOt;
|=Q@ xOv=t}k=@ w |}xR=U uD@ |=Q@ |Di=} R=@ |xv=OnvU R= |DtUk xm OvDiQo xH}Dv w

[13]"OvDUy xO=iDU= p@=k Cr=iU; O}rwD

92



2 1
|xQ

=tW
'36

�2
|xQ

wO'
�13

99
u=DU

@=D�
h}

QW
u=Qt

a|
UOv

yt 1 pwOH QO ?}DQD x@ u=DUOQ= u=t}U |m} R}i C=YNWt w XRF V}=tR; G}=Dv
"CU= xOW x�=Q= 2 pwOH w

|a}@] |=yxv=OnvU "2"1"2
QO hQYt p@=k 'OvOW xO=iDU= |rwtat uD@ |=Q@ xm '|a}@] |=yxv=OnvU s=tD
OwW|t |aU ,qwtat �uW� CWQO |=yxv=OnvU OQwt QO "OvOw@ R}v sm =QDOwN uD@
"OvRv |@}U; sm =QDOwN uD@ X=wN x@ =D OW=@ QDt|r}t 12�19 u; |xv}W}@ |xR=Ov=
x}yD u=yiY= p}v ?; nvU uOat R= Q[=L VywSB QO xO=iDU= OQwt |xv=OCWQO

"CU= xOW
uD@ =@ xU}=kt QO sm =QDOwN uD@ QO �xU=t� R} Q |=yxv=OnvU Q=Okt xJ Qy
0 125 R= QDR} Q C=QP "OwW|t u}t-=D QDW}@ |tm =QDOwN X=wN 'OW=@ QDW}@ |rwtat
QDW}@ Ea=@ w Ovvm|t =i}= =Q |oOvvmQB Vkv w OvwW|t |krD QOwB u=wva x@ QDt|r}t
O=@;OtLt uOat R= Q[=L VywSB QO xO=iDU=OQwt |xU=t "OvwW|t uD@ |v=wQ uOW

"CU= xOW x}yD u=yiY=
'`=@W= Cr=L QO XwYNt uRw %pt=W '|a}@] |=yxv=OnvU C=YNWt
|=yV}=tR; G}=Dv u}vJty wTrHv;TwrV}=tR; QOV}=U u=R}t '?; ?PH OYQO

"CU= xOW x�=Q= 3 pwOH QO jQwD w p} w]D
"OwW|t xOy=Wt 1 pmW QO |a}@] |=yxv=OnvU |Ov@xv=O Q=Owtv

|Di=} R=@ |=yxv=OnvU "3"1"2
=yQUm}tl =QD =@ w O}rwD|xO=t; 'uD@C=Hv=NQ=m QOs}HLw|QyW|=y|R} QuD@ QDW}@
|k=@ QUm}tl =QD |=yDv= uD@ |Q=Okt ,qwtat 'xR=U |R} QuD@ R= TB "OvwW|t ptL
|=yxv=OnvU "OwW|t x}rND h=Q]= |=y\}Lt QO u=oOvv=Q \UwD xm 'Ov=t|t
QmP |vD@ |=yxr=Nv uOQm OvQU w OQN R= Q[=L |xSwQB QO xO=iDU= OQwt |Di=} R=@
OvQU w x}yD C=}rta "Ov=xOt; CUO x@ |t=O=@ w |OwNv 'xU=t |=yxR=Ov= QO xOW
"CU= xDiQo CQwY u=yiY= QyWOqwi umWnvU QO |Di=} R=@ |=yxv=OnvU uOQm

"OwW|t xOy=Wt |Di=} Q=@ |=yxv=OnvU |x}yD hrDNt pL=Qt '2 pmW QO
'`=@W= Cr=L QO XwYNt uRw %pt=W '|Di=} R=@ |=yxv=OnvU C=YNWt
|=yV}=tR; G}=Dv u}vJty wTrHv;TwrV}=tR; QOV}=U u=R}t '?; ?PH OYQO

"CU= xOW x�=Q= 4 pwOH QO jQwD w p} w]D
V}=U u=R}t xm OyO|t u=Wv 4 w 3 |=ypwOH QO xOW x�=Q= G}=Dv |xU}=kt

"u=t}U |}=}t}W C=YNWt "1 pwOH
��� Q=Okt C=YNWt

0 22 Na2O

0 66 K2O

1 35 SO3
1 62 MgO

64 1 CaO

3 81 FE2O3
5 1 Al2O3
21 8 SIO2
55 51 C3S

20 64 C2S

7 07 C3A

11 59 C4AF

1 2 LOI

R= xO=iDU= Cra x@ QwmPt X=wN h}a[D xm OvO}UQ xH}Dv u}= x@ w OvOQm |UQQ@ =Q
18u=wm [22]"CU=yv; |xO=iDU= OQwt Q=Okt w ẁv x@ xDU@=w |Di=} R=@ |=yxv=OnvU
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|WWm '|Q=Wi |=yCtw=kt |Q}oxR=Ov= |=Q@?}DQD x@ |QDt|Dv=U 50�10�10
|}xv=wDU= w |@amt |=y?r=k "OvOW V}=tR; |oRwQ 28 uU QO w x}yD |WtN w
VmJ =@ TBU "OvOW xO}@ wm x@ Q[ 25 'x}q Qy w |R} QuD@ |x}q xU QO s=Om Qy
"OwW GQ=N uD@ QO OwHwt |=wy =D OvOW xOR ?r=k |xvO@ x@ |}=yx@ Q[ |m}DUq
|=wy w sm =QDt x}q Qy 'QwD=Q@} w ltm =@ w OvOW |R} QuD@ x}q wO QO s=Om Qy =yQ}D
|=yxvwtv K]U 'sm =QD w |R} Q?r=k s=tD= R= TB "CU= xOW GQ=N u; QO OwHwt
"O}; pta x@ |Q}owrH uD@ ?; Q}N@D R= =D 'OvOW xOv=WwB ?w]Qt |=y|vwo =@ |vD@
pkDvt |Qw;pta |xJ[wL x@ w GQ=N ?r=k R= Ca=U 24 R= TB |vD@ |=yxvwtv

"OvOW

|y=oW}=tR; G}=Dv Q}UiD w x�=Q= "3
Oy=W \qDN= KQ] |x}yD %pw= |xrLQt "1"3

X=wN R=Ht|xOwOLt x@ xHwD =@ w OW xDN=UuD@ \qDN= KQ] OvJ 'pw= |xrLQt QO
C=_Lqt w 9 pwOH EFNARC OQ=Ov=DU= T=U= Q@ sm =QDOwN uD@ l} Swrw�Q
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yt

"swO |xrLQt |=yKQ] \wrNt C@Uv "13 pwOH
?; u=t}U nvU QOwB jwi |xv=OCWQO |xv=OR} Q |xU=t 19�6 uW \wrNt hQat

(kg) (kg) (kg)
xOvvmu=wQ |Di=} R=@ |Di=} R=@ |a}@]

(kg)
(kg) (kg) (kg) (kg)

167 400 100 3 8 0 0 1200 530 C

167 400 100 3 8 0 300 900 530 FRA25
167 400 100 3 8 0 600 600 530 FRA50
167 400 100 3 8 0 900 300 530 FRA75
167 400 100 3 8 0 1200 0 530 FRA100
167 400 100 3 8 132 5 0 1200 397 5 CRA25
167 400 100 3 8 265 0 1200 265 CRA50
167 400 100 3 8 397 5 0 1200 132 5 CRA75
167 400 100 3 8 530 0 1200 0 CRA100

"swO |xrLQt { xR=D uD@ |=yV}=tR; G}=Dv "14 pwOH
(mm) U |x@aH (S) T50 (mm) AtqU= u=} QH (S)V h}k L |x@aH V}=tR; ẁv

2 9 4 11 670 10 32 0 93 C

1 4 8 665 11 8 0 89 FRA25
1 5 7 11 567 13 69 0 88 FRA50
2 1 10 1 621 20 11 0 87 FRA75
2 6 12 700 29 3 0 81 FRA100
3 2 4 96 655 11 93 0 87 CRA25
4 1 7 65 623 15 42 0 83 CRA50
5 2 11 23 603 21 45 0 81 CRA75
6 1 13 5 587 31 7 0 8 CRA100

"swO |xrLQt { xOW CNU uD@ |=y V}=tR; G}=Dv "15 pwOH
OYQO |WWm Ctw=kt OYQO |WWm Ctw=kt OYQO |Q=Wi Ctw=kt ẁv
Vy=m (MPa) Vy=m (MPa) Vy=m (MPa) V}=tR;
� � 3 9 � � 3 61 � � 38 99 C

3 85 3 75 4 43 3 45 6 23 36 7 FRA25
12 56 3 41 10 8 3 22 15 8 32 83 FRA50
17 95 3 2 25 1 2 7 24 1 29 6 FRA75
28 2 2 8 30 7 2 5 36 4 24 8 FRA100
2 31 3 81 1 66 3 55 5 1 37 CRA25
8 46 3 57 6 37 3 38 14 33 51 CRA50
16 67 3 25 23 54 2 76 19 6 31 36 CRA75
28 72 2 78 31 8 2 46 33 75 25 83 CRA100

x@ =Pr "OvQ=O sy x@ |O=} R Cy=@W 'Q[=L |xar=]t QO |Di=} R=@ |=yxv=OnvU w
swO pt=a =@ xU}=kt QO |QDsyt Vkv 'Q[=L |xar=]t QO pw= pt=a OUQ|t Q_v

"OW=@ xDW=O
xv=OR} Q |v} Ro}=H OYQO V}=Ri= 'OwW|t xOy=Wt 14 pwOH R= xm Qw] u=ty
|x}rm 'xv=OCWQO R=i QO "OvQ=O =Q OwN X=N Q=F; s=Om Qy '|Di=} R=@ |xv=OCWQO =}
'Ov=xOQm Ci= |v} Ro}=H OYQO V}=Ri= =@ sm =QDOwN uD@ |m} Swrw�Q |=yxYNWt

|W=v ,=DOta |Di=} R=@ |=yxv=OnvU =@ sm =QDOwN uD@ |m} Swrw�Q X=wN Ci= "CU=
=@ xU}=kt QO |Di=} R=@ |=yxv=OnvU QDW}@ |L]U |Q@ R �1 %CU= pt=a wO R=
VvD u; ?Hwt x@ xm '=yv; |x}yD Ov}=Qi |xwLv x@ xHwD =@ |a}@] |=yxv=OnvU
QDW}@ |=yxv=OR} Q OwHw Cra x@ QDW}@ ?; ?PH �2 'OwW|t O=} R uD@ s}rUD |WQ@
[28�24]"|a}@] |=yxv=OnvU =@ uD@ =@ xU}=kt QO |Di=} R=@ |=yxv=OnvU =@ uD@ QO
|a}@] |=yxv=OnvU |Ov@xv=O |vLvt '3 w 1 |=ypmW |=yQ=Owtv x@ xHwD =@ xD@r=
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QQ@"swU |xrLQt |=yKQ] \wrNt C@Uv "16 pwOH
?; T}r}UwQm}t u=t}U nvU QOwB jwi |xv=OCWQO |xv=OR} Q xU=t 19�6 uW \wrNt hQat

(kg) (kg) (kg) (kg)
xOvvmu=wQ |Di=} R=@ |Di=} R=@ |a}@]

(kg)
(kg) (kg) (kg) (kg)

167 0 400 100 3 8 0 300 900 530 FRA25
167 20 380 100 3 8 0 300 900 530 FRA25�5
167 30 370 100 3 8 0 300 900 530 FRA25�7 5
167 40 360 100 3 8 0 300 900 530 FRA25�10
167 0 400 100 3 8 132 5 0 1200 397 5 CRA25
167 20 380 100 3 8 132 5 0 1200 397 5 CRA25�5
167 30 370 100 3 8 132 5 0 1200 397 5 CRA25�7 5
167 40 360 100 3 8 132 5 0 1200 397 5 CRA25�10

w OwW|tv =yxv=OnvU ?PH uD@ CN=U R= Oa@ =OD@= u=ty QO |Di=} R=@ uD@ \qDN=
|xv=OR} Q =@ uD@ OQwt QO XwYN x@ [22]"OwW|t uD@ |}=Q=m V}=Ri= Ea=@ xH}Dv QO
|xv=OCWQO =@ xU}=kt QO |Di=} R=@ |xv=OR} Q QDW}@ ?; ?PH Cra x@ |Di=} R=@
|v=wQ Ci= xm CiQo xH}Dv u=wD|t ẁtHt QO "CU= QDptDLt ẁ[wt u}= '|Di=} R=@
Q}O=kt V}=Ri= R= QDtm |Di=} R=@ |xv=OR} Q V}=Ri= R= |W=v |m} Swrw�Q X=wN w
'|Di=} R=@ |=yxv=OR} Q Q}O=kt V}=Ri= 'Qo}O CQ=@a x@ "CU= |Di=} R=@ |xv=OCWQO

"CW=O Ovy=wN sm =QDOwN uD@ |m} Swrw�Q X=wN w uOw@ u=wQ QO |QDtm Q=F;
hrDNt |=yKQ] QO uD@ |m}v=mt X=wN C=Q}}eD '15 pwOH w 4 pmW QO
X=wN '|Di=} R=@ |xv=OnvU Q}O=kt V}=Ri= =@ =yv; j@=]t xm 'OwW|t xOy=Wt
w FRA25 \qDN= KQ] wO xm |Qw] x@ 'Ov=xOQm =O}B |QDW}@ Ci= |m}v=mt
'Ov=xDW=O =Q |Di=} R=@ |=yxv=OnvU =@ |v} Ro}=H OYQO u} QDtm xm 'CRA25
"Ov=xDW=O Oy=W KQ] x@ C@Uv =Q |WtN w |WWm '|Q=Wi Ctw=kt Ci= u} QDtm
|=yxv=OnvUQO|[Qa|=ylQD OwHw '=yxv=O w|t}OkCqtu}@h}a[|oOv@UJ
pNrNDt Cqt OwHw w uOW OQN R= |W=v =yxv=OnvU |x}yD Ov}=Qi QO |Di=} R=@
QO [27w26]"OwW|t uD@ |m}v=mt X=wN h}a[D Ea=@ =yxv=OnvU QwO h}a[
23 ITZ |r=kDv= |x}L=v uD@ u}@ |i}a[ Ovw}B OvwW|t ?@U Q}N= pt=wa `k=w
|v} Ro}=H OYQO V}=Ri= =@ xm 'OwW O=H}= O}OH ITZ |r=kDv= |x}L=v w |t}Ok
|m}v=mt X=wN xH}Dv QO w OwW|t QDh}a[ QwmPt Ovw}B '|Di=} R=@ |=yxv=OnvU

[30w29]"Ovvm|t =O}B |QDW}@ Ci= uD@
|w=L uD@ \qDN= |=yKQ] QO uD@ |m}v=mt X=wN Ci= Vy=m 'u}= Q@ xwqa
V}=Ri= =@ ,qFt "CU= QDW}@ |Di=} R=@ |xv=OCWQO =@ xU}=kt QO |Di=} R=@ |xv=OR} Q
QO 'CU= xOW xOy=Wt |Q=Wi Ctw=kt Vy=m �6 23 '|Di=} R=@ |xv=OR} Q �25
OwHw x@ |Q=Wi Ctw=kt Ci= �5 1 'x@=Wt |xv=OCWQO OYQO =@ xm |DQwY
OwyWt =yOYQO |t=tD QO |m}v=mt X=wN w |Dtw=kt hqDN= u}= "CU= xOt;
=@ sm =QDOwN uD@ xm Ci=} QO u=wD|t |rm |xH}Dv u=wva x@ "CU= xU}=kt p@=k w
|Dtw=kt w |m}v=mt X=wN w QDy@ |v=wQ w |m} Swrw�Q X=wN '|Di=} R=@ |xv=OR} Q
w |UQQ@ =@ "CW=O Oy=wN |Di=} R=@ |xv=OCWQO |w=L uD@ =@ xU}=kt QO |QDtm
Ci=} QO u=wD|t EFNARC R=Ht |=yxOwOLt =@ xOt; CUO x@ G}=Dv |xU}=kt
xv=OR} Q R=i wO Qy QO |Di=} R=@ |xv=OnvU |v} Ro}=H �25 =@ KQ] G}=Dv \ki xm
|v} Ro}=H =@ 'Qo}O CQ=@a x@ "CU= Q_v OQwt |=yxOwOLt |t=tD QO xv=OCWQO w
"CU= pwYL p@=k sm =QDOwN uD@ X=wN '|Di=} R=@ |xv=OCWQO =} xv=OR} Q �25
C@Uv =Q |WtN w |WWm '|Q=Wi Ctw=kt Ci= u} QDtm KQ] wO u}= 'u}= Q@ xwqa

"swO |xrLQt |=yKQ] uD@ |m}v=mt X=wN C=Q}}eD "4 pmW

"swU |xrLQt |=yKQ] uD@ |m}v=mt X=wN C=Q}}eD "5 pmW

=} AtqU= u=} QH pFt uD@ |m} Swrw�Q |=yxYNWt R= |[a@ xv=OR} Q R=i QO |rw
OwHw sOa "OvQ=Ov |YNWt w C@=F OvwQ |v} Ro}=H OYQO V}=Ri= =@ U |x@aH
u=QoWywSB C=ar=]t QO |Di=} R=@ sm =QDOwN uD@ |m} Swrw�Q X=wN QOXNWt OvwQ
?PH Cra x@ |Di=} R=@ |=yxv=OnvU =@ uD@ QO [22w21]"OwW|t xOy=Wt R}v Qo}O
?; pt=W xm uD@ \qDN= KQ] ?; pm u=R}t '|Di=} R=@ |=yxv=OnvU QDW}@ ?;
\qDN= KQ] =@ uD@ =@ xU}=kt QO 'CU=yxv=OnvU uOQm `=@W= |=Q@ sRq |i=[=
|=yKQ] R= |[a@ QO |i=[= ?; u=R}t u}= "CU= QDW}@ |rwtat |=yxv=OnvU =@
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QW
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a|
UOv

yt "swU |xrLQt { xR=D uD@ |=yV}=tR; G}=Dv "17 pwOH
U |x@aH T 50 AtqU= u=} QH V h}k

L |x@aH V}=tR; ẁv
(mm) (S) (mm) (S)

1 4 8 665 11 8 0 89 FRA25
2 5 4 95 654 12 14 0 86 FRA25�5
4 6 7 35 631 15 39 0 82 FRA25�7 5
6 5 11 89 623 20 8 0 76 FRA25�10
3 2 4 96 655 11 93 0 87 CRA25
3 9 5 03 650 12 32 0 85 CRA25�5
5 3 8 15 630 16 76 0 83 CRA25�7 5
6 8 12 85 620 22 67 0 78 CRA25�10

"swU |xrLQt { xOW CNU uD@ |=yV}=tR; G}=Dv "18 pwOH
OYQO |WtN Ctw=kt OYQO |WWm Ctw=kt OYQO |Q=Wi Ctw=kt ẁv
V}=Ri= (MPa) V}=Ri= (MPa) V}=Ri= (MPa) V}=tR;

� � 3 75 � � 3 45 � � 36 7 FRA25
2 67 3 85 4 1 3 59 3 54 38 FRA25�5
6 13 3 98 7 54 3 71 7 9 39 6 FRA25�7 5
10 93 4 16 12 75 3 89 14 71 42 1 FRA25�10

� � 3 81 � � 3 55 � � 37 CRA25
2 81 3 92 1 41 3 60 4 6 38 7 CRA25�5
7 87 4 11 4 79 3 72 8 91 40 3 CRA25�7 5
11 81 4 26 10 14 3 91 13 51 42 CRA25�10

OQ=Ov=DU= =@ sm =QDOwN uD@ |=yQ=}at Qo}O 'QDq=@ |=yOYQO x@ T}r}UwQm}t V}=Ri=
R}v |Di=} R=@ |=yxv=OCWQO |=Q@ xOW QmP OQ=wt "CU= xOWv u}t-=D EFNARC

. CU= xOy=Wt p@=k
=Q swU |xrLQt |=yKQ] QO uD@ |m}v=mt X=wN C=Q}}eD '18 pwOH w 5 pmW
T}r}UwQm}t V}=Ri= OyO|t u=Wv 18 pwOH w 5 pmW |UQQ@ "OyO|t u=Wv
sy w xv=OCWQO R=i QO sy xm |wLv x@ 'OQ=O uD@ |m}v=mt X=wN QO s}kDUt Q}F-=D
V}=Ri= =@ uD@ |WtN w |WWm '|Q=Wi |=yCtw=kt '|Di=} R=@ |xv=OR} Q R=i QO
Ow@y@ p}rO x@ uD@ |m}v=mt X=wN C} wkD "CU= xOW O=} R T}r}UwQm}t OYQO
V}=Ri= |=yOYQO [32]"CU= u; sm =QD V}=Ri= w u=t}U Q}tN Q=DN=UR} Q Q}otWJ
|vOwRi= uwO@ 'swO |xrLQt |=y\qDN= KQ] =@ xU}=kt QO pwOH QO xOW x�=Q=

"CU= xOW x@U=Lt T}r}UwQm}t
|=yCtw=kt Q}O=kt =@ 18 pwOH QO xOW x�=Q= |=yCtw=kt Q}O=kt |xU}=kt
w FRA25�5 |=yKQ] xm OyO|t u=Wv �12 pwOH 2 KQ]� x}rw= Oy=W KQ]
Ctw=kt XNWt Qw] x@ "OvQ=O =Q Oy=W KQ] x@=Wt \}=QW ,=@} QkD CRA25�5
�1 3 w �0 6 '�2 5 \ki ?}DQD x@ FRA25�5 KQ] |WtN w |WWm '|Q=Wi
x@ CRA25�5 KQ] |WWm w |Q=Wi Ctw=kt u}vJty "CU= Oy=W KQ] R= QDtm
|DL u; |WtN Ctw=kt w CU= Oy=W KQ] R= QDtm �0 3 w �0 7 \ki ?}DQD
OYQO =@ =y\qDN= KQ] |x}k@ "CU= QDW}@ Oy=W KQ] |WtN Ctw=kt R= �0 5

"OvQ=O Oy=W KQ] x@ C@Uv |QDq=@ |Dtw=kt X=wN ,=DOta 'QDq=@ T}r}UwQm}t
|m}v=mtX=wN^=Lr R= sy 'CRA25�5 w FRA25�5|=yKQ] ẁtHt QO
^=Lr R= sy w OvQ=O =Q Oy=W KQ] x@=Wt \}=QW w OvDUy pw@k p@=k |Dtw=kt w

|xrLQt |=Q@ CRA25 w FRA25 \qDN= KQ] wO =Pr "Ov=xDW=O Oy=W KQ] x@
"Ov=xOW ?=NDv= VywSB Oa@

'5 |=yOYQO =@ T}r}UwQm}t uqwRwB uOwRi= %swU |xrLQt "3"3
swO |xrLQt |@=NDv= |=yKQ] x@ 10 w 7 5

|@=NDv= |Di=} R=@ |=yxv=OnvU |w=L |=yuD@ |m}v=mt X=wN Ci= x@ xHwD =@
'|vwvm |xrLQt R= hOy '�CRA25 w FRA25 |=y\qDN= KQ]� p@k |xrLQt
T}r}UwQm}tuqwRwB R= u;jkLD|=Q@ xm 'CU= QwmPt|=yKQ]|m}v=mtX=wNOw@y@
"CU= xOW xO=iDU= 'OwW|t u=t}U u} Ro}=H xm 10 w 7 5 '5 |=yOYQO QO
Qo}O Q}O=kt w xOQm Q}}eD T}r}UwQm}t w u=t}U Q}O=kt \ki 'Q}N= |=yKQ] QO
|UQQ@ OQwt |=yKQ] \wrNt C@Uv "CU= xOw@ C@=F \wrNt C@Uv |=yQDt=Q=B

"CU= xOW x�=Q= 16 pwOH QO swU |xrLQt QO
Q=JO |m} Swrw�Q X=wN T}r}UwQm}t Q}O=kt V}=Ri= =@ '17 pwOH j@=]t
T}r}UwQm}t |q=@ ?; ?PH w uOw@ Q=DN=UR} Q R= |W=v Ci= u}= xm 'Ov=xOW Ci=
x@ "CU= xOy=Wt p@=k xv=OCWQO QO sy w xv=OR} Q QO sy Ci= u}= [31]"CU=
V}=tR; QO FRA25�10 w FRA25�7 5 'FRA25�5 |=yKQ] 'xvwtv u=wva
Vy=m |rwRv OvwQ u}= "OvDUy 623 w 631 '654 Q}O=kt |=Q=O AtqU= u=} QH
w |}=Q=m w |v=wQ Ci= Q@ x=wo T}r}UwQm}t OYQO V}=Ri= =@ AtqU= u=} QH
X=wN QO |tm QF= '�5 u=R}t =D T}r}UwQm}t uOwRi= "CU= uD@ |m} Swrw�Q X=wN
=@ |rw 'CU= xOv=t |k=@ |tm =QDOwN |xOwOLt QO u=vJty uD@ w xDW=O |m} Swrw�Q
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QQ@w |m} Swrw�Q X=wN |ivt C=Q}}eD u} QDtm Q=JO uD@ xm |wLv x@ &CU= �25
"OwW|t |m}v=mt

R}v w |Di=} R=@ uD@ |m}v=mt X=wN V}=Ri= Ea=@ uD@ x@ T}r}UwQm}t uOwRi= ��
Q=DN=UR} Q R= |W=vCi= u}= "OwW|t uD@ |m} Swrw�Q X=wN QO R}J=vCi=?@U
'�5 u=R}t =D T}r}UwQm}t uOwRi= "CU= T}r}UwQm}t |q=@ ?; ?PH w uOw@
|tm =QDOwN |xOwOLt QO u=vJty uD@ w OQ=O |m} Swrw�Q X=wN QO |tm QF=
|=yQ=}at Qo}O 'QDq=@ |=yOYQO x@ T}r}UwQm}t V}=Ri= =@ |rw 'Ov=t|t |k=@

"OwW|tv u}t-=D EFNARC OQ=Ov=DU= =@ sm =QDOwN uD@
=D|Di=} R=@ |xv=OCWQO w xv=OR} Q R= xO=iDU= 'Q[=LVywSB|rm|xH}Dv u=wva x@ ��
|m} Swrw�Q w|m}v=mt X=wN �5 OwOL =DT}r}UwQm}t R= xO=iDU= w �25 OwOL
sm =QDOwN uD@ |=Q@ |@U=vt u} Ro}=H Ov=wD|t w OyO|tv Q}}eD =Q sm =QDOwN uD@

"OW=@ |a}@] |=yxv=OnvU =@
'CU= xOw@ sm =QDOwN uD@ 'Q[=L VywSB RmQtD xmu}= x@ xHwD =@ CU= QmP u=}=W
x_Lqt Q[=L VywSB QO sm =QDOwN uD@ |m} Swrw�Q |=y|oS} w w |m}v=mt X=wN
"CiQov Q=Qk xHwD OQwt Z=@kv= w VRN pFt uD@ COtR=QO X=wN |UQQ@ w OW
QO |Di=} R=@ |=yxv=OnvU R= xO=iDU= u=R}t =@ ?U=vDt xm OvyO|t u=Wv C=ar=]t
|=yxv=OnvU =@ |=yuD@ x@ C@Uv |Di=} R=@ |=yuD@ VRN OYQO 60 =D 30 'uD@
Z=@kv= K]U OYQO 50 =D 20 |Di=} R=@ |=yuD@ xwqa x@ [33]"CU= QDW}@ |a}@]
|=yxv=OR} Q R= xm |DQwY QO "OvQ=O |a}@] |xv=OnvU =@ |=yuD@ x@ C@Uv |QDq=@
[34]'OUQ|t OYQO 100 =D 70 x@ hqDN= u}= 'OwW xO=iDU= uD@CN=U QO|Di=} R=@
V}=Ri= "CU= Z=@kv= p@=kt QO|Di=} R=@ |xOWlWN Cqt sm |Q=O}=B R=|W=v xm
uD@ CN=U QO |Di=} R=@ |=yxv=OnvU R= xO=iDU= Cra x@ u=t}U Cqt ?; Q=Okt
CUQO |xO=iDU= =@ [35]"CU= |Di=} R=@ uD@ Z=@kv= uOw@ QDq=@ pt=wa Qo}O R= R}v
[33]"OQm pQDvm =Q xOW QmP V}=Ri= u=wD|t ?; Q=Okt K}LY u=R}t w =y|vOwRi= R=
u=R}t QO |Di=} R=@ |=yxv=OnvU QF= xm CU= xOW xO=O u=Wv xar=]t l} QO xD@r=
QDtm pw=ODt |Di=} R=@ uD@ =@ xU}=kt QO sm =QDOwN |Di=} R=@ uD@ QO Z=@kv= w VRN
x@ |Di=} R=@ |=yxv=OnvU R= xO=iDU= |=}=Rt |xty seQ|ra ẁtHt QO[ [22]"CU=
sm =QDOwN uD@ QO u; R= xO=iDU= '|]}LtCU} R p�=Ut w xv} Ry QO |} wHxiQY p}rO

"OQ}o CQwY O}=@ uD@ COtR=QO |=y|oS} w pQDvm w x_Lqt =@

OyO|t u=Wv QDj}kO |UQQ@ "OvDUy O}}-=D OQwt R}v sm =QDOwN uD@ |m} Swrw�Q X=wN
w CU= CRA 25�5 KQ] R= QDQ@ |m} Swrw�Q X=wN ^=Lr R= FRA25�5 KQ]

"CU= QDQ@ FRA25�5 KQ] R= |m}v=mt X=wN ^=Lr R= CRA25�5 KQ]

|Q}oxH}Dv "4
w xv=OR} Q hrDNt |=yOYQO |v} Ro}=H Q}F-=D 'xv=o =OH R=i wO QO Q[=L VywSB QO
xOW |UQQ@ sm =QDOwN uD@ |m} Swrw�Q w |m}v=mt X=wN QO |Di=} R=@ |xv=OCWQO

%CU= xOt; CUO x@ G}=Dv u}= w
|D}a[w QO "Ovm|t =O}B Ci= |m} Swrw�Q X=wN |Di=} R=@ |xv=OR} Q uOwRi= =@ ��
Q=}U@ |m} Swrw�Q X=wN Ci= 'CU= �25 |Di=} R=@ |xv=OR} Q V}=Ri= u=R}t xm
"CU= R=Ht |xOwOLt QO u=vJty uD@ |tm =QDOwN C=YNWt w CU= R}J=v
=O}B |QDW}@ Ci= |m} Swrw�Q X=wN '|Di=} R=@ |xv=OR} Q QDW}@ uOwRi= =@ |rw
|m}v=mt X=wN |=Q=O '|Di=} R=@ |xv=OR} Q �25 =@ uD@ Qo}O hQ] R= "Ovm|t
&OQ=O �6 =D �4 OwOL QO |R}J=v Ci= w CU= Oy=W KQ] x@ l}ORv |Dtw=kt w
|QDq=@ O=Oa= x@ QwmPt Ctw=kt Ci= '|Di=} R=@ |xv=OR} Q QDW}@ V}=Ri= =@ |rw

"CU= ?wr]t=v xm 'OUQ|t �35 OwOL =D |DL
|Dtw=kt ^=Lr R= sy xv=OR} Q �25 Ovv=t R}v |Di=} R=@ |xv=OCWQO �25 =@ KQ] ��
uOwRi= =@ "CU= pw@k p@=k w OQ=O |R}J=v Ci= |m} Swrw�Q X=wN ^=Lr R= sy w
|R}J=v Ci= Q=JO xR=D uD@ |=yV}=tR; G}=Dv '|Di=} R=@ |xv=OCWQO �25
?U=vt |xOwOLt QO |tm =QDOwN X=wN ^=Lr R= u=vJty |rw 'OvwW|t
|tm =QDOwN Cr=L R= uD@ '|Di=} R=@ |xv=OCWQO QDW}@ Q}O=kt uOwRi= =@ "OvDUy

"OwW|t GQ=N
C@Uv |QDy@ |m} Swrw�Q X=wN '|Di=} R=@ |=yxv=OR} Q =@ xOW xDN=U |=yKQ] ��
|}=yKQ] 'Qo}O |wU R= w OvQ=O |Di=} R=@ |xv=OCWQO =@ xOW xDN=U |=yKQ] x@
|QDy@ |Dtw=kt w |m}v=mt X=wN 'OvwW|t xDN=U |Di=} R=@ |xv=OCWQO =@ xm

"OvQ=O |Di=} R=@ |xv=OR} Q =@ KQ] x@ C@Uv
'�xv=OCWQO =} xv=OR} Q R= sa=�|Di=} R=@ |xv=OnvU|v} Ro}=H|=Q@?U=vt u=R}t ��

=yCWwv=B
1. Okamura
2. Akashi-Kaiko
3. Kobe
4. Awaji
5. LNG
6. Osaka
7. Yokohama Landmark
8. V funnel
9. L box
10. He and Zhang

11. Silva
12. Wijayasundara
13. Revathi
14. Evangelista and Brito
15. Kou & Poon
16. Zoran
17. Manzi
18. Kwan
19. european guidelines for self-compacting concrete
20. �ne recycled aggregates
21. coarse recycled aggregates
22. control
23. interfacial transition zone

100



2 1
|xQ

=tW
'36

�2
|xQ

wO'
�13

99
u=DU

@=D�
h}

QW
u=Qt

a|
UOv

yt

�References� `@=vt
1. Zhu, W. and Bartos, P. J.M. \Permeation properties

of self-compacting concrete", Cement and Concrete Re-
search, 33(6), pp. 921-926 (2003).

2. Okamura, H. and Ouchi, M. \Self compacting concrete
development, present use and future", Proceedings of 1st
International RILEM Symposium on Self-Compacting
Concrete, pp. 3-13 (2003).

3. Alghadi, N.S. and Nasharuddin, K. \Development
of self-compacting concrete using contrast constant
factorial design", Journal of King Saud University-
Engineering Sciences, 25(2), pp. 105-112 (2010).

4. Malhotra, V.M. and Nevill, A. \Symposium on concrete
thechnology in the use of demolition waste in concrete",
Wain Wright, 26, pp. 179-197 (1995).

5. Frondistion- Yannas, S. \Economics of concrete recycling
in the UnitedSates", Advanced Research institute prob-
lems in the Recycling concrete, France, 25-28, pp.163-
186 (1980).

6. Hansen, T.C. (Editor), Recycling of Demolished Con-
crete and Masonry, RILEM (The international { union of
testing and research laboratories formaterials and struc-
tures), Reports 6, Chapman and Hall, London(1992).

7. Okamura, H. \Self{compacting high performance con-
crete", Concrete International, 19, pp. 50-54 (1997).

8. Standard, A. S. T. M. C78 Standard Test Method for
Flexural Strength of Concrete (Using Simple Beam with
Third-Point Loading), ASTM Standards 4, pp.1-3, no.2
(2002).

9. Oamura, A. and Ouchi, M. \Self-compacting concrete",
Journal of Advanced Concrete Technology, 1(1), pp. 5-15
(2003).

10. G�uneyisi, E., Geso�glu, M., Alg�n, Z. and et al. \E�ect
of surface treatment methods on the properties of self-
compacting concrete with recycled aggregates", Constr.
Build. Mater., 64, pp. 172-183 (2014).

11. Song, H. and Ryou, J.S. \Hybrid techniques for qual-
ity improvement of recycled �ne aggregate", Constr.and
Build. Mater., 72, pp. 56-64 (2014).

12. He, Z.J. and Zhang, J.X. \Strength characteristics and
failure criterion of plain recycled aggregate concrete un-
der triaxial stress states", Constr.and Build. Mater., 54,
pp. 354-362 (2014).

13. Silva, R.V., Brito, J.D. and Dhir, R.K. \Properties and
composition of recycled aggregates from construction
and demolition waste suitable for concrete production",
Constr. and Build. Mater., 65, pp. 201-217 (2014).

14. Akib, S.M. and Sayyad, S.U. \Properties of concrete
made with recycled coarse aggregate", International
Journal of Informative & Futuristic Research, 2(10), pp.
3755-3761 (2015).

15. Khoshkenari, A.G., Sha�gh, P., Moghimi, M. and et al.
\The role of 0{2 mm �ne recycled concrete aggregate on
the compressive and splitting tensile strengths of recy-
cled concrete aggregate concrete", Materials & Design,
64, pp. 345-354 (2014).

16. Wijayasundara, M., Mendis, P. and Crawford, R. \Net
incremental indirect external bene�t of manufacturing
recycled aggregate concrete", Waste Management, 78,
pp. 279-291, (2018).

17. Revathi, P., Selvi, R.S. and Velin, S.S. \Investigations
on fresh and hardened properties of recycled aggregate
self compacting concrete", Journal of The Institution of
Engineers, 94, pp. 94-102 (2014).

18. Evangelista, L. and Brito, J.de \Mechanical behaviour of
concrete made with �ne recycled concrete aggregates",
Cement Concrete Res., 29(5), pp. 397-401 (2007).

19. Kou, S.C. and Poon, C.S. \Properties of self-compacting
concrete prepared with coarse and �ne recycled concrete
aggregates", Cement & Concrete Composites, 31(9), pp.
622-627 (2009).

20. Grdic, Z.J., Gordana, A., Toplicic-Curcic, I. M.D. and
et al. \Properties of self-compacting concrete prepared
with coarse recycled concrete aggregate", Construction
and Building Materials, 24, pp. 1129-1133 (2010).

21. Singh, R.B. and Singh, B. \Rheological behaviour of dif-
ferent grades of self-compacting concrete containing re-
cycled aggregates", Construction and Building Materi-
als, 161, pp. 354-364 (2018).

22. Manzi, S., Mazzotti, C. and Chiara Bignozzi, M. \Self-
compacting concrete with recycled concrete aggregate:
Study of the long-term properties", Construction and
Building Materials, 157, pp. 582-590, (2017).

23. Kwan, A.K.H. and Ling, S.K. \Filler technology for im-
proving robustness and reducing cementitious paste vol-
ume of SCC", Construction and Building Materials, 153,
pp. 875-885 (2017).

24. EFNAEC, February \Speci�cation and Guidelines for
Self-Compacting Concrete", European federation of
specialist construction chemicals and concerte system
(2002).

25. Hadiwidodo, Y.S. and Mohd. S. \Review of testing meth-
ods for self-compacting concrete", International Con-
ference on Construction and Building Technology (IC-
CBT), 5, pp. 69-82 (2008).

26. Leite, M., Gualberto, J., Filho, F. and et al. \Workabil-
ity study of concretes made with recycled mortar aggre-
gate", Materials and structures, 46(10), pp. 1765-1778
(2013).

27. Sa�uddin, M.D., Salam, M.A. and Jumaat, M.Z. \E�ects
of recycled concrete aggregate on the fresh properties of
self-consolidating concrete", Archives of Civil and Me-
chanical Engineering, 11(4), pp. 1023-1041 (2011).

28. Silva, Y.F., Robayo, R.A., Mattey, P.E. and et al. \Prop-
erties of self-compacting concrete on fresh and hard-
ened with residue of masonry and recycled concrete",
Construction and Building Materials, 124, pp. 639-644
(2016).

29. Katz, A. \Properties of concrete made with recycled ag-
gregate from partially hydrated old concrete", Cement
and Concrete Research, 33(5), pp. 703-711 (2003).

30. Sim, J. and Park, C. \Mechanical properties of recycled
Kim, Y., aggregate concrete with deformed steel re-bar",
Journal of Marine Science and Technology, 20(3), pp.
274-280 (2012).

101



"""u
D@|

m}S
wrw�Q

w|
m}v=

mt
X

=wN
|U

QQ@

31. Mazloom, M., Ramezanianpour, A.A. and Brooks, J.J.
\E�ect of silica fume on mechanical properties of high-
strength concrete", Cement and Concrete Composites,
26(4), pp. 347-357 (2004).

32. Cong, X., Gong, S., Darwin, D. and et al. \Roll of silica
fume in compressive strength of cement paste, mortar
and concrete", ACI Materials Journal, 89(4), pp. 375-
387 (1992).

33. Chisholm, D. \Best practice guide for the use of recycled
aggregates in new concrete", 14, Cement & Concrete

Association of New Zealand, pp. 31-34 (2011).

34. Rao, M.C., Bhattacharyya, S.K. and Barai, S.V. \Inu-
ence of �eld recycled coarse aggregate on properties of
concrete", Materials and Structures, 44(1), pp. 205-220
(2011).

35. WRAP, \Performance related approach and engineer-
ing properties of concrete containing recycled aggregates:
WRAP aggregate research programme", (Accessed from:
www.wrap.org.uk).

102




