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MgO 0 4 0 32 4 75
Al2O3 26 33 0 63 2 33
SiO2 67 51 0 39 10 07
P2O5 0 09 0 02 1 38
SO3 0 09 0 16 0 87
K2O 0 44 0 02 0 05
CaO 1 89 66 3 45 77
TiO2 0 03 < 0 03 0 92
V2O5 0 1 < 0 01 1 42
Cr2O3 0 1 < 0 03 0 22
MnO 0 1 0 01 1 40
Fe2O3 0 49 0 1 14 92

C=@}mQD
Kaolinite Al2Si2O5(OH)4 �� ��
Quartz SiO2 �� ��

Orthoclase kAlSi3O8 �� ��
Illite kAlSi3AlO10(OH)2 �� ��

Montmorillonite Al2O34SiO2H2O �� ��
Calcite CaCO3 CaCO3 CaCO3

Portloandite �� Ca(OH)2 Ca(OH)2
Larnite �� Ca2SiO4 Ca2SiO4

Periclase �� �� MgO

Magnetite �� �� Fe3O4
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Kaolinite Kaolinite+Lime Kaolinite+B.O.S Kaolinite+Lime+B.O.S

MDD OMC MDD OMC MDD OMC MDD OMC

(gr/m3) ��� (gr/m3) ��� (gr/m3) ��� (gr/m3) ���

K 1 69 21

K + �1L 1 68 21 4 K + �10B 1 74 19 7
K + �1L + �10B 1 74 20
K + �1L + �15B 1 77 19 5
K + �1L + �20B 1 81 18 5

K + �3L 1 67 22 K + �15B 1 77 19
K + �3L + �10B 1 73 20 5
K + �3L + �15B 1 76 19 7
K + �3L + �20B 1 79 19

K + �5L 1 65 23 K + �20B 1 81 18
K + �5L + �10B 1 7 21
K + �5L + �15B 1 73 20 5
K + �5L + �20B 1 71 19 7

K=Kaolinite, B.O.S=Basic Oxygen Slag, L=Lime

"xQ=@ QU � C}v |rw�=m |=yxvwtv |Qw;pta u=tR x@ C@Uv sQwD C=Q}}eD "3 pmW

V}=Ri= =@ OvwQ u}= w CU= xOW =yxvwtv sQwD Vy=m ?Hwt R}v C}v}rw�=m x@ xQ=@ QU
xQ=@ QU =@ xOWC}@FD |=yxvwtv |Qw;pta RwQ 1 R= TB "O@=}|t V}=Ri= xQ=@ QU Q=Okt
u=Wv OwN R= |QDtm sQwD �2 pmW� ly; =@ xOWC}@FD |=yxvwtv =@ xU}=kt QO
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C}v}rw�=m x@ C@Uv �367 w RwQ 1 |=Q@ xOW|Qw;pta |=yxvwtv x@ C@Uv �192
w 15 x@ xQ=@ QU V}=Ri= =@ sQwD Vy=m Q=Okt "CU= xDW=O sQwD Vy=m xOWvC}@FD
xOt;CUOx@ G}=Dv x@ xHwD =@ "CU= xOw@ OYQO 703 w 577 ?}DQD x@ 'OYQO 20
'�20 x@ xQ=@ QU QDW}@ V}=Ri= w xOw@ �15 'xQ=@ QU |xv}y@ Q=Okt xm Cio u=wD|t

"CU= xDW=Ov sQwD Vy=m QO |}x_Lqt p@=k Q}F-=D
w xQ=@ QU QO OwHwt hrDNt C=@}mQD xm CU= xOW VQ=Ro |Qo}O C=ar=]t QO

"ly; � C}v}rw�=m |=yxvwtv |Qw;pta u=tR x@ C@Uv sQwD C=Q}}eD "2 pmW

Q=Okt QO |Q}F-=D |Qw;pta u=tR w xOw@ �4 85 =@ Q@=Q@ xOWvC}@FD C}v}rw�=m sQwD xm
C=@}mQD u}=Q@=v@ w |vOwRi= O=wt OwHw sOa p}rO x@ Qt= u}= xm 'CU= xDW=Ov u;
Ea=@C}v}rw�=m x@ xOvvmC}@FD |xO=tl} u=wvax@ly; uOwRi= "CU= xOw@ |vqwRwB
w ly; OYQO V}=Ri= =@ u; Q=Okt xm 'CU= xOW u; |tQwD C=}YwYN Vy=m
x@ ly; OYQO 5 w 3 '1 uOwRi= =@ "CU= xDi=} Vy=m COW x@ |Qw;pta u=tR
1 '1 75 ?}DQD x@ =yxvwtv sQwD 'RwQ 90 |xv}W}@ COt x@ |Qw;pta w =yxvwtv
Vy=m OYQO 647 w 485 '277 ?}DQD x@ xm 'CU= xOW u}}aD OYQO 0 75 w

"OvyO|t u=Wv xOWvC}@FD C}v}rw�=m x@ C@Uv
|Q}osWJ CQwYx@ RwQ 90 =D 1 R= |Qw;pta |] =yxvwtv sQwD Vy=m MQv
u=tR x@ |vqwRwB |=yVvm =w uOw@xDU@=w Qov=}@ Qt= u}= xm 'CU= xDi=} V}=Ri=
�1 5 R= xO=iDU= xmCU= xO=O u=Wv u=QoWywSB |NQ@ |=y|UQQ@ "CU= |Qw;pta
|Q}tNQ}e l =N x@ u; p}O@D w TQ l =N |tQwD C=}YwYN Vy=m Ea=@ ly;

[16w15'13]"OwW|t
xQ=@ QU � C}vrw�=m |=yxvwtv sQwD "2"1"6

|Qw;pta R= TB xQ=@ QU hrDNt Q}O=kt =@ xOWC}@FD C}v}rw�=m |=yxvwtv sQwD u=R}t
uOwRi= xm OwW|t xOy=Wt "CU= xOW xO=O u=Wv 3 pmW QO RwQ 90 =D 1 |=Q@

42



|rw
ry@O

}wvw
|O@

a=[
QOwt

Lt

"|Qw;pta u=tR x@ C@Uv sQwD C=Q}}eD "4 pmW

|Q=Wi Ctw=kt "2"6
xQ=@ QU � C}v}rw�=m |=yxvwtv |Q=Wi Ctw=kt "1"2"6

Cr=L QO xQ=@ QU � C}v}rw�=m |=yxvwtv |oDN}Uo VvQm w |Q=Wi Ctw=kt C=Q}}eD
xO=O u=Wv 6 pwOH w 5 pmW QO �sQwD V}=tR; s=Hv= R= TB� `=@W= w lWN
RwQ 90 |xv}W}@ =D xQ=@ QU uwO@ C}v}rw�=m |=yxvwtv |Q=Wi Ctw=kt "CU= xOW
w 4 8 ?}DQD x@ w C@=F |Q=Okt uOW`=@W= R= TB w lWN Cr=L QO |Qw;pta
2 25 |oDN}Uo |x_Lr QO =yv; VvQm Q=Okt w `@ Qt QDt|Dv=U Q@ sQowr}m 1 67
V}=Ri= QO |Q}F-=D I}y |Qw;pta u=tR xm OwW|t xOy=Wt "CU= xOw@ OYQO 7 w
|=yxvwtv |Q=Wi Ctw=kt "CU= xDW=Ov =yxvwtv u}= VvQm w Ctw=kt Vy=m =}
sQowr}m 15 1 '|Qw;pta RwQ 90 R= TB lWN Cr=L QO xQ=@ QU �10 |w=L
xOW|Qw;pta |xvwtv Ctw=kt Q@=Q@ 2 62 xm 'CU= xOW u}}aD `@ Qt QDt|Dv=U Q@
=@ "CU= xDW=O V}=Ri= xOWvC}@FD C}v}rw�=m x@ C@Uv �314 w RwQ 1 COt x@
w 418 x@ ?}DQD x@ |Q=Wi |=yCtw=kt 'OYQO 20 w 15 x@ xQ=@ QU Q=Okt V}=Ri=
?}DQD x@ =yxvwtv u}= |oDN}Uo VvQm u=R}t u}vJty "Ov=xDi=} V}=Ri= OYQO 474
QO OwHwt O=R; ly; Q=Okt x@ xHwD =@ "CU= xOW u}}aD 1 23 w 1 37 '1 63
Cr=L QO =yxvwtv |oDN}Uo |x_Lr QO VvQm Vy=m w Ctw=kt V}=Ri= 'xQ=@ QU
w \wrNt |Ov@xv=O KqY= R= |W=v ,q=tDL= '|Qw;pta |}=OD@= |=yRwQ QO lWN
|=yVvm =w s=Hv= w |Qw;pta u=tR V}=Ri= =@ "CU= xOw@ |vw}D=m pO=@D u}vJty
Q}F-=D xQ=@ QU [19w12]"O@=}|t Ow@y@ =yxvwtv |Dtw=kt C=}YwYN 'xOQDUo |vqwRwB
xOWC}@FD |=yxvwtv |oDN}Uo VvQm Vy=m w |Q=Wi Ctw=kt V}=Ri= QO |@U=vt
20 w 15 '10 =@ xOWC}@FD |=yxvwtv Ctw=kt "CU= xDW=O R}v `=@W= Cr=L QO
sQowr}m 18 2 w 16 88 '11 55?}DQD x@ '|Qw;pta RwQ 90 R=TB xQ=@ QU OYQO
C}v}rw�=m x@ C@Uv OYQO 1092 w 1011 '691 xm 'CU= xOw@ `@ Qt QDt|Dv=U Q@

"OvyO|t u=Wv V}=Ri= xOWvC}@FD
1 46 w 1 63 '1 81 ?}DQD x@ R}v CUmW |x_Lr QO =yxvwtv u}= VvQm
x_Lqt 6 pwOH w 5 pmW QO xOWx�=Q= G}=Dv x@ xHwD =@ "CU= xOW u}}aD OYQO
`=@W= wlWNCr=L QO xQ=@ QU =@ xOWC}@FD |=yxvwtvVvQm wCtw=kt xm OwW|t
|=yVvm =w xm CU= u; |xOvyOu=Wv Qt= u}= "OvQ=Ov Qo}Om} =@ |v=vJu; Cw=iD
[2]"CU= xOQmC}=im C=QP u}@ ?; MwUQ =@ xr@=kt |=Q@ R}v xOWs=Hv= OwOLt|}=}t}W
|v=OvJ Q}F-=D 'xOWC}@FD |=yxvwtv CQw=Ht QO ?; Qw[L xm Cio u=wD|t u}=Q@=v@

"CU= xDW=Ov xOWC}@FD |=yxvwtv Q=DiQ w xOWsm =QDt Q=DN=U QO

TB xQ=@ QU w ly; hrDNt Q}O=kt =@ xOWC}@FD C}v}rw�=m |=yxvwtv sQwD "5 pwOH
"|Qw;pta RwQ 90 R=

\wrNt ��� sQwD \wrNt ��� sQwD
K 0 85 K + �1L + �15B 0 51

K + �1L 1 75 K + �1L + �20B 0 43
K + �3L 1 K + �3L + �10B 0 4
K + �5L 0 75 K + �3L + �15B 0 23
K + �10L 1 32 K + �3L + �20B 0 18
K + �15L 0 84 K + �5L + �20B 0 34
K + �20L 0 69 K + �5L + �20B 0 21

K + �1L + �20B 0 87 K + �5L + �20B 0 14

C=}YwYN Ow@y@ QO u; |}=Q=m V}=Ri= QO |}=RUx@ Q}F-=D l =N =@ =yv; |=yVvm =w
[17w11]"OvQ=O TQ l =N

xQ=@ QU � ly; � C}vrw�=m |=yxvwtv sQwD "3"1"6
sQwD QDW}@ xJ Qy Vy=m ?Hwt u=tRsy Qw] x@ C}v}rw�=m x@ xQ=@ QU w ly; uOwRi=
V}=Ri= xQ=@ QU Q=Okt V}=Ri= =@ C=Q}}eD u}= OvwQ w OwW|t xar=]t OQwt |=y\wrNt
ly; hrDNt Q}O=kt =@ xOWC}@FD |=yxvwtv sQwD Vy=m OYQO "�4 pmW� O@=}|t

"CU= xOW x�=Q= 5 pwOH QO |Qw;pta RwQ 90 R= TB xQ=@ QU w
xQ=@ QU �20 x=Qty x@ ly; OYQO 5 w 3 '1 =@ xOWC}@FD C}v}rw�=m sQwD u=R}t
x@ xm 'CU= xOW u}}aD OYQO 0 14 w 0 18 '0 43 |Qw;pta RwQ 90 R= TB
Q}O=kt u}ty =@ xOWC}@FD C}v}rw�=m x@ C@Uv OYQO 550 w 487 '407 ?}DQD
w 2732 '1141 ?}DQD x@ xOWvC}@FD C}v}rw�=m x@ C@Uv w �xQ=@ QU uwO@� ly;
uOWu} Ro}=H R= |W=v sQwD Vy=m R= |WN@ "CU= xDW=O Vy=m OYQO 3527
u}= |rY= p}rO um}r 'CU= ly; w xQ=@ QU C=QP \UwD Q}PBsQwD |UQ C=QP
xOw@ QDxOQDUo |vqwRwB |=yVvm =w xH}Dv QO w \}Lt |}=}rk u=R}t V}=Ri= C=Q}}eD
l =N sQwD u=R}t QO ly; w xQ=@ QU R= xO=iDU= Q}F-=D R}v u=QoWywSB |NQ@ [10w9]"CU=
=yxvwtv sQwD u=R}t Vy=m Qou=}@ G}=Dv xm 'OvO=O Q=Qk |UQQ@ OQwt =Q xD=irwU TQ
�l =N QO OwHwt C=irwU Q}O=kt x@ xHwD =@� 0 =D �1 x@ �8 R= |Qw;pta R= TB

[18]"CU=

43



"""w
|Dt

w=kt
C=}

YwY
NQ

O|
R=UO

qwi
|xQ

=@QU
Q}F- =D"|oDN}Uo |x_Lr QO xQ=@ QU � C}v}rw�=m |=yxvwtv VvQm "6 pwOH

Kr=Yt u=tR
K�20+B K�15+B K�10+B k |Qw;pta��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN

2 35 1 94 3 2 3 2 06 7 2 25 1
1 75 1 73 2 1 83 2 50 1 94 7 2 25 7
1 63 1 46 1 84 1 6 2 13 1 71 7 2 25 28
1 46 1 23 1 63 1 37 1 81 1 63 7 2 25 90

"|oDN}Uo |x_Lr QO ly; � C}v}rw�=m |=yxvwtv VvQm "7 pwOH
Kr=Yt u=tR

K+�5L K+�3L K+�1L k |Qw;pta��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN
4 50 1 70 5 1 80 6 75 1 88 7 2 25 1
3 75 1 60 4 34 1 73 5 73 1 83 7 2 25 7
2 73 1 40 3 18 1 45 4 91 1 75 7 2 25 28
2 25 1 2 88 1 23 4 13 1 46 7 2 25 90

ly; � C}vrw�=m |=yxvwtv |Q=Wi Ctw=kt "2"2"6
|Q=Wi Ctw=kt R}v w =yxvwtv Ctw=kt V}=Ri= Ea=@ C}v}rw�=m x@ ly; uOwRi=
lWN Cr=L QO ly; �1 =@ xOWC}@FD |=yxvwtv Ctw=kt "�6 pmW� CU= xOW
xOw@ RwQ 1 COt x@ xOW|Qw;pta |=yxvwtv Q@=Q@ 2 18 '|Qw;pta RwQ 90 R= TB
VvQm u=R}t "OyO|t u=Wv V}=Ri= xOWvC}@FD C}v}rw�=m x@ C@Uv �256 w CU=
xOW u}}aD �1 46 RwQ 90 R= TB w 1 88 |Qw;pta RwQ 1 R= TB R}v xvwtv u}=
TQ |=yxvwtv xm OwW|t xOy=Wt 7 pwOH QO xOWx�=Q= G}=Dv x@ xHwD =@ "CU=
|=yxvwtv x@ C@Uv |QDnQR@ |=yVvQm uOW`=@W= |xH}Dv QO 'ly; =@ xOWC}@FD
COW x@ R}v =yVvQm 'ly; OYQO V}=Ri= =@ w 'Ov=xO=O u=Wv OwN R= xQ=@ QU |w=L
|v=t}U C=@}mQD O}rwD u}=Q@=v@ w ly; OYQO V}=Ri= 'Qo}O CQ=@a x@ "Ov=xDi=} Vy=m
\ki "CU= xOW |Q}PBpmW Vy=m u}=Q@=v@ w =yxvwtv uOWQDsw=kt Ea=@ �|vqwRwB�
'ly; �1 |w=L C}v}rw�=m Ctw=kt '`=@W= Cr=L QO w |Qw;pta RwQ l} R= TB
`@ Qt QDt|Dv=U Q@ sQowr}m 8 3 x@ |Qw;pta RwQ 90 R= TB w xDW=O V}=Ri= �182
xDi=} V}=Ri= `=@W= Cr=L QO xOWvC}@FD |xvwtv x@ C@Uv �464 xm 'CU= xO}UQ
RwQ 90 R= TB w 6 75 |Qw;pta RwQ 1 R= TB R}v xvwtv u}= VvQm u=R}t "CU=
R= TB ly; �5 =@ xOWC}@FD TQ |=yxvwtv VvQm "CU= xOW u}}aD �4 13
p@=k Vy=m xm 'CU= xOW u}}aD OYQO 2 25 w 1 ?}DQD x@ |Qw;pta RwQ 90

"CU= |}x_Lqt
xQ=@ QU � ly; � C}v}rw�=m |=yxvwtv Ctw=kt "3"2"6

Cr=L QO xQ=@ QU � ly; � C}v}rw�=m |=yxvwtv |Q=Wi Ctw=kt |=yV}=tR; G}=Dv
|x_Lr QO =yv; VvQm w 8 w 7 |=ypmW QO ?}DQD x@ �sQwD R= TB� `=@W= w lWN
w ly; u=tRsy uOwRi= xm OwW|t xOy=Wt "CU= xOW x�=Q= 8 pwOH QO |oDN}Uo
VvQm Vy=m w |Q=Wi Ctw=kt V}=Ri= Ea=@ |WL=i Qw] x@ C}v}rw�=m x@ xQ=@ QU
u}vJty "CU= xDi=} V}=Ri= |Qw;pta u=tR V}=Ri= =@ OvwQ u}= w xOW =yxvwtv
=yxvwtv Ctw=kt Vy=m QO |O=} R |r}N Q}F-=D |Qw;pta R= TB =yxvwtv uOQm`=@W=
V}=Ri= xH}Dv QO w \}Lt pH V}=Ri= Cra x@ ,q=tDL= Qt= u}= "CU= xDW=Ov

u=tR x@ C@Uv 'xQ=@ QU � C}v}rw�=m |=yxvwtv |Q=Wi Ctw=kt C=Q}}eD "5 pmW
"|Qw;pta

44



|rw
ry@O

}wvw
|O@

a=[
QOwt

Lt C}Y=N =@ C2S XwYN x@ xQ=@ QU C=QP uw}U=QO}y w |vqwRwB |=yVvm =w u=R}t
xOvvmp=ai |xrRvt x@ly; Qw[L 'xQ=@ QU Q=Okt x@Ctw=ktV}=Ri= "CU=|oOv@UJ
�20 w ly; �5 =@ xOWC}@FD |xvwtv Ctw=kt "OQ=O |oDU@ |Qw;pta u=tR w
`@ Qt QDt|Dv=U Q@ sQowr}m 39 w 46 58 ?}DQD x@ `=@W= w lWN Cr=L QO xQ=@ QU
u=Wv V}=Ri= xOWvC}@FD C}v}rw�=m x@ C@Uv OYQO 2333 w 970 xm 'CU= xOw@

"OyO|t
xOvR ly; R= xO=iDU= xm Ov=xOQm VQ=Ro OwN |xar=]t QO u=QoWywSB |NQ@
xOWC}@FD |=yxvwtv Ctw=kt V}=Ri= QO |QDQF-wt Vkv 'xDimW ly; |=H x@
w ly; R= u=tRsy |xO=iDU= xm CU= xO=O u=Wv R}v |Qo}O VywSB G}=Dv [17]"OQ=O
|=ypm}U Q@=Q@ QO l =N �s=wO� Ctw=kt Ow@y@Ea=@C}v}rw�=m C}@FDCyH xQ=@ QU

[13]"OwW|t M} ?wP � u=Ov@N}

nQ@ QD= OwOL "3"6
xQ=@ QU � ly; � C}v}rw�=m |=y\wrNt "1"3"6

=@ xOWC}@FD |=yxvwtv |Q}tN XN=W w |Q}tN OL '|v=wQ OL C=Q}}eD '9 pmW
C}v}rw�=m x@ ly; uOQmxi=[= "OyO|t u=Wv |Qw;pta u=tR x@ C@Uv =Q lny;
xDi=} xt=O= |t=Q; x@ ly; u=R}t V}=Ri= =@ OvwQ u}= w xOW |v=wQ OL Vy=m ?Hwt
u}}aD p@=k RwQ 90 R= TB ly; �5 |w=L |=yxvwtv |v=wQ OL xm |Qw] x@ 'CU=
xOWC}@FD |=yxvwtv |Q}tN OL C}v}rw�=m x@ ly; uOwRi= =@ u}vJty "CU= xOw@v
V}=Ri= OYQO 32 w 31 x@ ?}DQD x@ �27 R= RwQ 90 R= TB ly; OYQO 3 w 1 =@ "|Qw;pta u=tR x@ C@Uv 'ly; � C}v}rw�=m |=yxvwtv Ctw=kt C=Q}}eD "6 pmW

"lWN Cr=L QO |Qw;pta u=tR x@ C@Uv C}v}rw�=m |=yxvwtv |Q=Wi Ctw=kt "7 pmW

"`=@W= Cr=L QO |Qw;pta u=tR x@ C@Uv C}v}rw�=m |=yxvwtv |Q=Wi Ctw=kt "8 pmW

45



"""w
|Dt

w=kt
C=}

YwY
NQ

O|
R=UO

qwi
|xQ

=@QU
Q}F- =D

"|Qw;pta u=tR x@ C@Uv ly; =@ xOW C}@FD C}v}rw�=m |=yxvwtv nQ@ QD= OwOL C=Q}}eD "9 pmW

"|oDN}Uo |x_Lr QO xQ=@ QU � ly; � C}v}rw�=m |=yxvwtv VvQm "8 pwOH
C=YNWt u=tR

K+�3L+�10B K+�1L+�20B K+�1L+�15B K+�1L+�10B k |Qw;pta
��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN

2 50 1 88 2 13 1 68 2 1 88 2 75 2 09 7 2 25 1
1 88 1 63 1 75 1 50 1 94 1 59 2 13 1 75 7 2 25 7
1 63 1 43 1 50 1 25 1 56 1 35 1 63 1 50 7 2 25 28
1 50 1 13 1 31 1 1 44 1 15 1 63 1 38 7 2 25 90
K+�5L+�20B K+�5L+�15B K+�5L+�10B K+�3L+�20B K+�3L+�15B u=tR

��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN ��� `=@W= ��� lWN |Qw;pta
1 63 1 44 1 88 1 63 2 25 1 75 1 88 1 58 2 13 1 71 1
1 38 1 31 1 63 1 46 1 75 1 56 1 50 1 43 1 69 1 59 7
1 13 1 1 25 1 10 1 50 1 25 1 25 1 20 1 38 1 31 28

1 0 88 1 13 0 9 1 38 1 1 19 0 88 1 38 1 90

l =N x@ ly; uOwRi= xm CU= xO=O u=Wv u=QoWywSB |NQ@ C=ar=]t "CU= xDi=}
ly; � l =N \wrNt uOW|Q}tN Q}e |y=o w |Q}tN C=}YwYN Vy=m Ea=@
Z=@kv= Q@ xQ=@ QU w ly; Q}F-=D |xOvyOu=Wv 13 |r= 10 |=ypmW [20w4]"OwW|t
xOWC}@FD C}v}rw�=m x@ xQ=@ QU uOwRi= "CU= xOW C}@FD |=yxvwtv nQ@ QD= OwOL w
Vy=m MQv 'xQ=@ QU Q=Okt V}=Ri= =@ R}v w =yxvwtv |v=wQ OL Vy=m Ea=@ 'ly; =@
=yv; |Q}tN XN=W w V}=Ri= =y\wrNt |Q}tN OL u}vJty "OwW|t QDW}@ u;
u=tR "OwW|t s=Hv= |t=Q; x@ xQ=@ QU Q=Okt V}=Ri= =@ OvwQ u}= w O@=}|t Vy=m
Q=PoQ}F-=D ly; w xQ=@ QU =@ xOWC}@FD C}v}rw�=m nQ@ QD= OwOL Q}}eD QO R}v |Qw;pta
\}=QW O=H}= w pH V}=Ri= Ea=@ TQ x@ xQ=@ QU w ly; u=tRsy uOwRi= "CU=
QDW}@ |vqwRwB O=wt O}rwD w =yVvm =w s=Hv= u}vJty w =yuw}D=m pO=@D |=Q@ QD?U=vt
K]U Vy=m 'pNrND Vy=m 'Qo}Om} x@ C=QP uO}@UJ ?Hwt Qt= u}= "OwW|t
C=Q}}eD '14 pmW "OwW|t ?; ?PH |=Q@ C=QP p}t Vy=m xH}Dv QO w XwYNt
OwW|t xOy=Wt "OyO|t u=Wv =Q xOWV}=tR; |=yxvwtv |Q}tN XN=W w sQwD
sQwD u=R}t "O@=}|t V}=Ri= R}v =yv; sQwD u=R}t '=yxvwtv |Q}tN XN=W V}=Ri= =@ xm

+ ly;� 5 =@ xOWC}@FD C}v}rw�=m w C}v}rw�=m |=yxvwtv Z=@kv= "10 pmW
"xQ=@ QU �20

46



|rw
ry@O

}wvw
|O@

a=[
QOwt

Lt

"|Qw;pta u=tR x@ C@Uv xOWC}@FD C}v}rw�=m |=yxvwtv |v=wQ OL C=Q}}eD "11 pmW

"|Qw;pta u=tR x@ C@Uv xOWC}@FD C}v}rw�=m |=yxvwtv |Q}tN OL C=Q}}eD "12 pmW

"|Qw;pta u=tR x@ C@Uv xOWC}@FD C}v}rw�=m |Q}tN XN=W C=Q}}eD "13 pmW

"xOWC}@FD C}v}rw�=m |=yxvwtv |Q}tN XN=W x@ C@Uv sQwD C=Q}}eD "14 pmW

47



"""w
|Dt

w=kt
C=}

YwY
NQ

O|
R=UO

qwi
|xQ

=@QU
Q}F- =D

"xOWC}@FD C}v}rw�=m |=yxvwtv |Qw;pta u=tR x@ C@Uv Z=@kv= OL C=Q}}eD "15 pmW

u=t}U w �BOS� |R=UOqwi |xQ=@ QU |=Q@ XRD V}=tR; G}=Dv "16 pmW
A = C3S; B = � � C2S; C = 
 � C2S; (OPC) |rwtat OvrDQB

"D = C3A; E = C2F; F = C4AF

C=QP u=}t |r=N |=y=[i uOWQ)B w Qo}Om} x@ C}v}rw�=m C=QP uO}@UJ Ea=@ xm
x@ ?; uO}UQ `v=t 'OvDUy CUwO?; C}v}rw�=m C=QP xm |}=Hv; R= =t= "OwW|t
R= xO=iDU= uOWKQ]t ?Hwt xr�Ut u}= xm 'OvwW|t uw}U=QO}y p}tmD w xQ=@ QU
[9]"OwW|t xOvvmC}@FD Kr=Yt u=wvax@ xQ=@ QU R= xO=iDU= s=ovy QO xOvvmp=ai l}
=@ |}=yV}=tR; |rwtat OvrDQB u=t}U =@ xQ=@ QU X=wN x@=WD |r=tDL= |@=} RQ= |=Q@
�BOS� xQ=@ QU XRD V}=tR; R= xOt;CUOx@ G}=Dv xm 'CU= xOW s=Hv= X |xaW=
|xU}=kt "CU= xOW xO=O u=Wv 16 pmW QO 5�OPC� |rwtat OvrDQB u=t}U w
u=Wv =Q x@=Wt ,=D@Uv |r=DU} Qm Q=DN=U w Gw= |x]kv u}OvJ xOt;CUOx@ |=ywor=
QO |rY= sU}v=mt 'xQ=@ QU uw}U=D=QO}y xm CU= u; Qou=}@ Q=DN=U u}= "OvyO|t

"CU= C@ w]Q Qw[L QO xOWC}@FD |=yl =N QO C=@F O=H}=
'|rwtat OvrDQB u=t}U uw}U=D=QO}y |=yVvm =w |=Q@ |rY= |vOat C=@}mQD
xm CU= xO=O u=Wv C=ar=]t |NQ@ G}=Dv "CU= C4AF w C3A 'C2S 'C3S
[17w12'10]"Ovvm|t sy=Qi =Q uOW|v=t}U C=}YwYN 'xQ=@ QU QO O=wt u}= Qw[L
C=}YwYN xm &CU= C2S 'xQ=@ QU QO ?r=e ?}mQD xm CU= xOW VQ=Ro u}vJty

"OyO|t u=Wv OwN R= u}�=B |=y=tO QO |Y=N uOW|v=t}U
4 x@ C2S |=yhQwt|rB 'Qo}O CQ=@a x@ =} C2S hrDNt |=ypmW
OwHwt 
 �C2S w � � C2S uw}U=D=QO}y "OvDUy 
 w � '�0 '� CQwY
|}x_Lqt p@=k Qw] x@ xOWC}@FD |=yxvwtv |Qw;pta CQwY QO xQ=@ QU QO
G} QODx@ BOS C=QP QO OwHwt �C2S� C=m}r}U s}Urm |O "O@=}|t V}=Ri=

xOW u}}aD OYQO 19 w 4 85 ?}DQD x@ xOWvC}@FD C}v}rw�=m |Q}tN XN=W w
u}= 'RwQ 90 R= TB =yxvwtv |Qw;pta w ly; �1 \ki uOQmxi=[= =@ xm 'CU=

"CU= xDi=} p}rkD OYQO 13 w 1 32 x@ Q}O=kt
C}v}rw�=m Z=@kv= OL QO xQ=@ QU Q}F-=D u=R}t |xOvyOu=Wv '15 w 10 |=ypmW

"CU= ly; =@ xOWC}@FD C}v}rw�=m w
�AJ CtU |xvwtv� xQ=@ QU w ly; =@ xOWC}@FD |xvwtv '10 pmW j@=]t
R= �CU=Q CtU |xvwtv� xOWvC}@FD C}v}rw�=m =@ xU}=kt QO |tm Q=}U@ Z=@kv=
x�=Q= 15 pmW QO xOWV}=tR; |=yxvwtv Z=@kv= OL u=R}t "CU= xO=O u=Wv OwN
C}v}rw�=m x@ xQ=@ QU w ly; uOwRi= =@ Z=@kv= OL OwW|t xOy=Wt "CU= xOW
w ly; �5 =@ xOWC}@FD |=yxvwtv Z=@kv= OL "O@=}|t V}=Ri= =yxvwtv C}@FD w
xm 'CU= xOW u}}aD �33 |Qw;pta RwQ 90 R= TB =RHt CQwYx@ xQ=@ QU �20
x@ u=tRsy Qw] x@ xQ=@ QU w ly; Q=Okt u}ty =@ xOWC}@FD |=yxvwtv QO Q=Okt u}=

"CU= xDi=} V}=Ri= �41

|y=oW}=tR; G}=Dv Q}UiD "7
x@� |R=UOqwi |xQ=@ QU R= u=wD|t xm CU= u; |xOvyOu=Wv xar=]t u}= G}=Dv
|UQ |=yl =N C}@FD CyH |vOwRi= |xO=t u=wvax@ �ly; x=Qty x@ =} w |}=yvD
w =m}r}U XwYN x@ TQ l =N QO OwHwt C=@}mQD "OQm xO=iDU= xOvwWsQwDt w
xm 'OvQ=O uOW|v=t}U C=}YwYN =@ O=wt O}rwD w VQDUo QO |tyt Vkv '=v}twr;
"OwW|t TQ l =N |Dtw=kt C=}YwYN Ow@y@ w |tQwD C=}YwYN Vy=m Ea=@
l =N |Q}tN Cr=L C=}YwYN Q}}eD Ea=@ xm '`} QU |x}rw= |=yVvm =w R= TB
|=yxvwtv QO |Qw;pta u=tR V}=Ri= =@ w |t=Q; x@ |}=}t}W |=yVvm =w 'OwW|t
Ea=@ xOWxO=iDU= |xQ=@ QU ?U=vt ,=D@Uv |Ov@xv=O [13]"OyO|t MQ xOWC}@FD
O=H}= w =yxvwtv QO xv=OCWQO w xv=OR} Q R= |@U=vt ,=D@Uv h}] uOt;OwHw x@
Ow@y@ w sQwD Vy=m CyH QO |rt=a OwN u}= xm 'OwW|t ?U=vt CrmU= l}
x@ 'OQ=O O=R; ly; 'xQ=@ QU xm |}=Hv; R= "CU= xOWC}@FD C}v}rw�=m C=}YwYN
w ly; u}@ xOWs=Hv= |=yVvm =w x@=Wt |vw}D=m |=yVvm =w u; uOwRi= ZLt
xQ=@ QU uOwRi= QF= QO "OwW|t =yxvwtv sQwD Vy=m Ea=@ xm 'OyO|t MQ C}v}rw�=m
C=QP QO OwHwt s}Urm C=m}r}U "ODi=|t j=iD= R}v |vqwRwB Vvm =w C}v}rw�=m x@
'Ovm|t O}rwD =Q xD=QO}y s}Urm C=m}r}U pS w xOWxD=QO}y ?; CQw=Ht QO xQ=@ QU

48



|rw
ry@O

}wvw
|O@

a=[
QOwt

Lt

|Q}oxH}Dv "8
nQ@ QD= OwOL w xOWvOwOLt |Q=Wi Ctw=kt 'sQwD |=yV}=tR; G}=Dv x@ xHwD =@
|Q=O}=B 'sQwD Vy=m Ea=@ 'C}v}rw�=m x@ xQ=@ QU w ly; uOwRi= xm Cio u=wD|t
w lWN Cr=L QO |oDN}Uo VvQm Vy=m w Ctw=kt V}=Ri= '=yxvwtv |tHL
Vy=m Ea=@ =yxvwtv sQwD xm CU= xO=O u=Wv xOWs=Hv= |=y|UQQ@ "OwW|t `=@W=
=@ "OwW|tlWNCr=L swUl} =D uOW`=@W= R=TB xOWC}@FD |=yxvwtvCtw=kt
`=@W= Cr=L QO =yv; Ctw=kt w xQ=@ QU w ly; =@ xOWC}@FD |=yxvwtv sQwD |xU}=kt
'OvQ=O =yxvwtv sQwD Vy=m QO |@U=vt C}r@=k xOWxO=iDU= Kr=Yt xm Cio u=wD|t
u}vJty "CU= xOW`=@W= Cr=L QO =yxvwtv Ctw=kt V}=Ri= Ea=@ pt=a u}= xm
lWN Ctw=kt u}@ hqDN= =D OwW|t ?Hwt xQ=@ QU w ly; R= u=tRsy |xO=iDU=
Q=PoQ}F-=D =yxvwtv sQwD QO |Q}tN XN=W "O@=} Vy=m |yHwD p@=k Qw]x@ `=@W= w
sQwD u=R}t R= xOWC}@FD |=yxvwtv |Q}tN XN=W Vy=m =@ xm |Qw]x@ 'CU=
QDW}@ Q}F-=D Ea=@ R}v |Qw;pta u=tR uOW|vqw] "OwW|t xDU=m COW x@ =yxvwtv
VywSB G}=Dv "CU= xOW C}v}rw�=m C=}YwYN KqY= QO xOvvmC}@FD Kr=Yt
|xO=iDU= u}vJty w ly; Qw[L uwO@ xQ=@ QU �15 R= xO=iDU= xm CU= xO=O u=Wv
xar=]t OQwt C}v}rw�=m C}@FD |=Q@ xv}y@ Q=Okt 'ly; �5 w xQ=@ QU �20 R= u=tRsy
|xv}y@ Q}O=kt 'QwmPt Kr=Yt R= |Q}oQ=mx@ CQwY QO xm CU= QmP u=}=W "CU= xOw@
"OwW u}}aD Q_vOQwt |xSwQB pLt QO l =N |=Q@ xv=o =OH Qw]x@ O}=@ xQ=@ QU w ly;

pwYLt u}= "OwW|t p}O@D �C-S-H� xD=QO}y s}Urm C=m}r}U x@ w xD=QO}y
"OwW|t Qo}Om} x@ |UQ C=QP uO}@UJ Ea=@ w CU= uw}U=DvtU X=wN |=Q=O
sRq QmPD u}= "CU= Al w Fe 'Mg R= |tm Q}O=kt |w=L C-S-H ,qwtat
uw}U=QO}y CqwYLt 'l =N QO u}twr; Q=Okt uOw@q=@ CQwY QO xm CU=
xD=QO}y s}Urm C=v}twr; C=@}mQD pt=W C-S-H Q}_v |D=@}mQD Q@ xwqa xQ=@ QU
C-S-A- xD=QO}y s}Urm C=v}twr; C=m}r}U w �C3AH6 Ovv=ty� C-A-H

pwYLt C3S2H3 xmv}= ZQi =@ "Ow@ Oy=wN R}v �C2SASH8 Ovv=ty� H

1|x]@=Q CQwYx@ =Q uw}U=QO}y Vvm =w u=wD|t 'OW=@ C2S uw}U=QO}y |}=yv
[21w12�10]%CWwv
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1. American society of testing & materials
2. basic oxygen slag
3. optimum moisture content
4. maximum dry density
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