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Vy=m xm 'OwW|t RQO RwQ@ Ea=@ ẁ[wt u}= "OwW|t s=Hv= |v=tR |xikw O=H}= =@ w

Q}F-=D |@=} RQ= 'Q[=L VywSB h=Oy= "OQ=O p=@vO x@ =Q |Q}PBPwiv V}=Ri= w |Q=Wi Ctw=kt
u}=Q@=v@ "CU= RQO p}mWD ?QNt Q=F; Vy=m QO C}rw�R =@ u=t}U R= |WN@ |v} Ro}=H

RQO `=wv= =@ =yxvwtv 'R}v OYQO Qy QO w OW u=t}U u} Ro}=H hrDNt |=yOYQO =@ C}rw�R
jta '�RCPT� O}=Qrm uw} `} QU Pwiv '|Q=Wi Ctw=kt |=yV}=tR; TBU "OvOW xDN=U
s=Hv= =yxvwtv |wQ Q@ |m} QDmr= Ctw=kt w l}vwU=QDrw= Tr=B CaQU '?; ?PH '?; Pwiv
QO OQU w sQo |=yRQO ?QNt Q=F; Vy=m QO C}rw�R |=RU@ Vkv Qou=}@ G}=Dv "CU= xOW

"CU= xOw@ |Q=Wi Ctw=kt QO sQo RQO |ivt QF= Ow@y@ u}vJty w |t=wO C=}YwYN
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C=}YwYN '�sQo w OQU� CN=U |=yRQO '|mDre uD@ 'C}rw�R %|O}rm u=oS=w
"|m}v=mt C=}YwYN '|t=wO

xtOkt "1
R= xO=iDU= Q}_v ?U=vt |=yQ=my=Q wQ u}= R= "OwW|t |mDre |vD@ |=yxR=U O}it
|}xS} w C}ty= =yv; |ivt Q=F; Vy=m w =yRQO Ow@y@ Qw_vt x@ |v=t}U ptmt O=wt

"OQ=O
uD@ |=yxvwtv R= |vwQDmr= |=yTma |x}yD =@ [2]'�2018� u=Q=mty w 1w}r
=yxQiL 'RQO pLt QO 'x}q wO |=QH= u}@ xikw u=tR V}=Ri= =@ xm OvDi=} QO |mDre
Qw] x@ =ylQD 'xDa=U 48 |xikw u=tR QO xm |Qw] x@ 'OvwW|t QDnQR@ =ylQD w
|xikw |=yu=tR p=ta= =@ R}v [3]'�2018� 2wN w u=}m "OvOw@ xOy=Wt p@=k K[=w
15 w 12 '�sQo RQO� Ca=U 9 w 6 ' �d=O RQO� Ca=U 3 ' �RQO uwO@� Ca=U QiY
u}= x@ |mDre uD@ |=yxvwtv QO swO w pw= |=yx}q |=QH= u}@ �OQU RQO� Ca=U
|Q=Wi |=yCtw=kt Vy=m Ea=@ RQO p}mWD w xikw u=tR V}=Ri= xm OvO}UQ xH}Dv
Pwiv jta 'xikw u=tR V}=Ri= u}vJty &OwW|t O}=Qrm uw} Pwiv V}=Ri= w |WWm w
O=H}= Qw_vt x@ [4]'�2021� u=Q=mty w 3Q=mW; "OyO|t V}=Ri= =Q =yxvwtv QO ?;
|=yx}q |=QH= u}@ =Q Ca=U 48 w 12 '2 |xikw |=yu=tR '=yxvwtv QO RQO `=wv=
Vy=m QO RQO OwHw xm OvDi=} QO w OvOQm p=ta= |mDre uD@ |=yxvwtv swO w pw=
xO=iDU= XwYN QO u=QoWywSB wQ u}= R= "OQ=O |}=RU@ Q}F-=D =yxvwtv |Q=WiCtw=kt
s=Hv= |D=k}kLD =yv; ?QNt QF= Vy=m w =yRQO Ow@y@ Qw_vt x@ |v=t}U ptmt O=wt R=

=yxv=OnvU =Q u; sHL QDW}@ xm 'CU= QiY AtqU= =@ |vD@ 'u=t}Usm |mDre uD@
CyH u=t}U Q}tN sHL 'u=t}Usm |mDre uD@ |=y\wrNt QO "OvyO|t p}mWD
u}ty x@ &CU= sm |oOQwNlQD Vy=m w uw}U=D=QO}y R= |W=v CQ=QL Vy=m
=yxv=OnvU u}@ |r=N |=y=[i |xty uOQm Q)B x@ QO=k u=t}U Q}tN 'Cra
,=DOta |mDre uD@ u}vJty "CU= O=} R u; |Q}PBPwiv xH}Dv QO w Ow@ Oy=wNv
'|iQYt uD@ O=} R sHL Cra x@ =yv; QO w OwW|t xO=iDU= s}HL |=yxR=U QO
u=tR V}=Ri= "OQ}o|t CQwY xikw O=H}= =@ w |v=tR C@ wv OvJ QO |R} QuD@
V}=Ri= xm 'OwW|t =yxR=U |vD@ |xvO@ QO RQO O=H}= Ea=@ |R} QuD@ QO xikw
x@ xm CW=O xHwD O}=@ [1]"OQ=O p=@vO x@ =Q |Q=Wi Ctw=kt Vy=m w |Q}PBPwiv
Q=F; '|rwtat uD@ x@ C@Uv |mDre uD@ QO u=t}U Q}tN QDW}@ |Q}PBPwiv p}rO
|=yuw} OwQw Q_v R= ẁ[wt u}= "Ow@ Oy=wN QDW}@ |mDre uD@ QO R}v =yRQO |ivt
u=}t R= |@=QN pt=wa Pwiv =Q} R 'CU= ?wr]t=v =yxR=U |vD@ |xvO@ x@ ?QNt
Qta Vy=m w |@=QN ?Hwt u=tR QwQt x@ =yRQO u}@ QO OwHwt pNrNDt |L=wv

pw�Ut xOvU} wv �
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%xr=kt u}= x@ O=vDU=
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"OwW

|y=oW}=tR; |xt=vQ@ "2
|iQYt Kr=Yt "1"2

xv=OovU "1"1"2
1|=ypmW QO "OvOw@ xDUW|xU=t w �R} Q wCWQO�uWpt=W|iQYt|=yxv=OovU
R}v '1 pwOH QO "CU= xOW x�=Q= |iQYt |=yxv=OovU |Ov@xv=O |vLvt '3 |r=
j@=]t =yxv=OovU |Ov@xv=O "CU= xOW x�=Q= |iQYt |=yxv=OovU |vi C=YNWt
R}v xv=OR} Q w xv=OCWQO ?; ?PH OYQO u}}aD w [13] ASTM C136 OQ=Ov=DU= =@
[15]'ASTM C 128 w [14]'ASTM C 127 |=yOQ=Ov=DU= =@ j@=]t ?}DQD x@

"CU= xOW s=Hv=
uqwRwB w u=t}U "2"1"2

C}rw�R 'Q[=L VywSB QO xOW xO=iDU= uqwRwB w II A}D u=t}U '|iQYt u=t}U
x�=Q= 2 pwOH QO C}rw�R w u=t}U �XRF� |}=}t}W R}r=v; G}=Dv "CU= xOw@ |a}@]

"CU= xOW
|}=}t}W |=y|vOwRi= w ?; "3"1"2

u}vJty "CU= xOW xO=iDU= u=QyD QyW |vO}t=W; ?; R= =yuD@ \qDN= KQ] QO
"CU= xOw@ QD= Cq}Umw@ Qm|rB |x}=B =@ xOW xOQ@ Q=m x@ xOvvmu=wQ jwi

"CWQO uW |Ov@xv=O "1 pmW

"R} Q uW |Ov@xv=O "2 pmW

|v=t}U Cqt |x}q l} |=QH= xm OvDi=} QO [2]'�2018� u=Q=mty w w}r 'Ov=xO=O
V}=Ri= Ea=@ xDa=U 48 RQO l} pLt QO T}r}Uwv=v hrDNt |=yOYQO |w=L
RQO |ivt QF= w OwW|t RQO pLt QO |mDre uD@ Q=DN=UR} Q Ow@y@ w |WQ@ Ctw=kt
OwN VywSB QO [5]'�2020� u=Q=mty w 4wS "O@=}|t Vy=m |m}v=mt X=wN QO
swO w pw= |=yx}q |=QH= u}@ '|mDre uD@ |=yxvwtv QO RQO O=H}= Qw_vt x@ =OD@=
Cqt |x}q l} |=QH= =@ TBU "OvOQm p=ta= |v=tR |xikw Ca=U 48 '=yxvwtv
QDUm =N w T}r}UwQm}t |=yuqwRwB |w=L QDt|Dv=U 1/5 Ct=N[ x@ |v=t}U
OwHw x@ |=yRQO pLt QO|WQ@Ctw=kt OvDUv=wD|mDre uD@ |=yRQO pLt QO |O=@
|v=t}U Cqt |x}q |=QH= xm OvOQm xOy=Wt =yv; u}vJty 'OvyO V}=Ri= =Q xOt;
w 5=Qo}=@ "OwW|t RQO |=Q=O |mDre uD@ |=yxvwtv |Q}PBPwiv Vy=m Ea=@ Q}N=
w OQU RQO pLt QO Cqt x}q l} |=QH= xm OvDi=} QO R}v [6]'�2022� u=Q=mty
\qDN= KQ] QO |O=@ QDUm =N =@ =yxv=OovU R= |WN@ uOQm u} Ro}=H u}vJty
Ea=@ w CU= OQU RQO ?QNt Q=F; Q@ x@re |=Q@ ?U=vt Q=my=Q l} '|mDre uD@
6wr u}vJty "OwW|t RQO |=Q=O |mDre uD@ |t=wO C=}YwYN xHwD p@=k Ow@y@
|=QH= u}vJty w |v=t}U Cqt |=QH= =@ OwN VywSB QO [7]'�2022� u=Q=mty w
|mDre uD@ X=wN OvDUv=wD |mDre uD@ |=yRQO pLt QO xOv@UJ O=wt R= ẁv l}
R}v =yRQO pLt QO CUmW |DNU 'OvWN@@ Ow@y@ =Q xOt; OwHw x@ |=yRQO pLt QO
u=t}U R= |WN@ uOQm u} Ro}=H =@ [8]'�2010� 7QwBs} Qm VywSB QO "Ci=} V}=Ri=
u=tR V}=Ri= |ivt Q=F; =yvD xv '|mDre uD@ \wrNt QO |R=Oouy; |xQwm |xQ=@ QU =@
w |Q=Wi Ctw=kt QO xmr@ 'CU= xDi=} Vy=m uD@ sm =QD w \qDN= Ov}=Qi u}@ xikw

"CU= xOW xOy=Wt |Q}otWJ Ow@y@ R}v |Q}PBPwiv
?QNt Q=F; Vy=m QO C}rw�R Vkv XwYN QO 'u}W}B |=yVywSB QO
|UQQ@ u; Q}F-=D 'Q[=L VywSB QO wQ u}= R= 'CU= xOWv Q=m |mDre uD@ |=yRQO
|}=}rk w |}=}rk |=yuw}D=m R= xD=QO}y 8C=m}r}Uwv}twr; l} C}rw�R "CU= xOW
QO p=ai T}r}U w O}Um =sw}v}twr; |O=} R Q}O=kt OwHw p}rO x@ xm 'CU= |m =N
Vvm =w uw}U=D=QO}y R= pY=L O}UmwQO}ys}Urm =@ Ov=wD|t |@ wN x@ 'u; ?}mQD
|Q=oR=U R= |m =L Q}N= C=ar=]t G}=Dv [9]"OWN@@ Ow@y@ =Q uD@ Q=DN=UR} Q w OyO
[10]"CU=yuqwRwB Q}=U x@ C@Uv CU} R \}Lt =@ |v=t}U ptmt |xO=t u}= QDW}@
|t=wO C=}YwYN Ow@y@ QO C}rw�R Q}F-=D =@ x]@=Q QO Q}N= |=yp=U QO u=QoWywSB
u=Q=mty w 9QwB|rw "'Ov=xDi=} CUO |@ wr]t G}=Dv x@ |rwtat uD@ |m}v=mt w
OvDi=} QO C}rw�R OYQO 30 w 20 '10=@ u=t}U uOQm u} Ro}=H =@ [10]'�2013�
"OyO|t Vy=m COW x@ =Q O}=Qrm uw} Pwiv 'OYQO 30 w 20 |v} Ro}=H Kw]U xm
15 '10 '5 =@ u=t}U |v} Ro}=H =@ R}v [9]'�2010� 10xO=R|JQmW w |OtL=
20 =D 10 |v} Ro}=H Kw]U QO xm OvO}UQ xH}Dv u}= x@ C}rw�R OYQO 20 w
p=U QO C=k}kLD G}=Dv "O@=}|t Vy=m O}=Qrm uw} Pwiv 'C}rw�R =@ u=t}U OYQO
Q@ xwqa C}rw�R =@ u=t}U OYQO 30 w 15 |v} Ro}=H xm OvO=O u=Wv 2012
QO [11]"CU= QF-wt R}v =yxvwtv QO ?; Pwiv jta Vy=m QO Qrm uw} Pwiv Vy=m
|v} Ro}=H K]U XwYN QO x@=Wt G}=Dv R}v 2015 p=U QO Qo}O |=yVywSB
X=wN QO C}rw�R OwQ|t Q=_Dv= u}=Q@=v@ [12]"CU= xOt; CUO x@ C}rw�R |=Q@ �15
QO wQ u}= R= "OwW =yRQO ?QNt QF= Vy=m Ea=@ w Ovm O=H}= Ow@y@ |mDre uD@
OYQO 40 w 30 '15 '0 |v} Ro}=H =@ |mDre uD@ |=yxvwtv 'Q[=L VywSB
OQU w sQo 'd=O |=yRQO =yxvwtv QO R}v |v} Ro}=H OYQO Qy QO w xDN=U C}rw�R
Pwiv '|Q=Wi Ctw=kt |=yV}=tR; CLD xOW xDN=U |=yxvwtv "Ov=xOW p=ta=
w l}vwU=QDrw= Tr=B CaQU '?; ?PH '?; Pwiv jta 'O}=Qrm uw} |xOW`} QUD
Q=F; Vy=m QO Q[=L VywSB G}=Dv R= CU= O}t= "OvDiQo Q=Qk |m} QDmr= Ctw=kt
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yt OwHw u} Q} R |x}q uwQO x@ |}q=@ |x}q R= xv=OovU Pwiv xm OW=@ |v=R}t x@ x}q wO

RQO l} xm 'OQU RQO "OW=@ xO}UQv |}=yv VQ}o x@ Rwvy u} Q} R |x}q w xDW=Ov
=yx}q |=QH= u}@ |v=tR |xrY=i xm O};|t O}OB |t=ovy w CU= |}=QH= h}a[
sm u; |x}q wO |oDUw}B xH}Dv QO 'Ovm R=e; =Q OwN VQ}o uD@ xm OwW O=} R QOkv;
|QDt|Dv=U 7/5 |x}q wO QO KQ] Qy |=yxvwtv 'Q[=L VywSB QO "Ow@ Oy=wN
swO w pw= |=yx}q |=QH= u}@ OQU w sQo 'd=O |=yRQO O=H}= Qw_vt x@ w OvOW =QH=
x}q Qy w OW p=ta= Ca=U 24 w Ca=U 2 'xk}kO 30 |xikw |=yu=tR ?}DQD x@
uO}UQ =D xOW xDN=U |=yxvwtv "Ci=} sm =QD xRQr R}t VRQr =@ x=Qty |xvRw CLD
"OvDiQo Q=Qk |Qw;pta CLD `=@W= ly; ?; |xJ[wL QO V}=tR; Q_v OQwt uU
l} Qy u=wva xm 'OvOW xDN=U RQO ẁv xU =@ \wrNt KQ] 4 R= l} Qy |=yxvwtv

"CU= xOW x�=Q= 4 pwOH QO KQ] 12 R=

=yV}=tR; VwQ "4"2
|vqwRwB C}r=ai XN=W V}=tR; "1"4"2

x@ w [16] ASTM C311 OQ=Ov=DU= =@ j@=]t |vqwRwB C}r=ai XN=W V}=tR;
"CU= xOW s=Hv= C}rw�R |Q}PB Vvm =w u}}aD Qw_vt

|@ |w u=tR V}=tR; "2"4"2
j@=]t |@ |w u=tR V}=tR; '|mDre uD@ |=y\wrNt |}=Q=m |@=} RQ= Qw_vt x@
hQ_ pN=O QO xR=D uD@ "CU= xOW s=Hv= [17]'ASTM C1170 OQ=Ov=DU= =@
x@ R}t VRQr "OQm uOW sm =QDt x@ ẁQW R}t VRQr w xvRw |xr}Uw x@ |}xv=wDU=
QDt|r}t 0/43 � 0/08 |xvt=O =@ w RDQy 60 Ot=U@ =@ |Uwv}U V=aDQ= CQwY
|=[i QwO =D QwO QO uD@ xm |v=tR =D xRQr R}t uOW uWwQ u=tR R= "CU= xOw@
xOW C@F GvUu=tR |xr}Uw x@ 'Ovm uOt; q=@ x@ ẁQW xvRw w hQ_ u}@ |wkrL
VHvU |=Q@ |Q=}at xm 'OwW|t xDiQo Q_v QO |@ |w u=tR u=wva x@ xm 'CU=

"CU= |mDre uD@ |=y\wrNt |}=Q=m
|Q=Wi Ctw=kt V}=tR; "3"4"2

'CU= xOW s=Hv= [18]'ASTM C39 OQ=Ov=DU= =@ j@=]t |Q=Wi Ctw=kt V}=tR;
91 w 56 '28 '7 u}vU QO w xDN=U |QDt|Dv=U 15 |@amt |=yxvwtv u; QO xm
pt=W xm 'OW xDN=U uU Qy |=Q@ xvwtv 24 '|vwvm V}=tR; QO "OvOW V}=tR; RwQ

"OvOw@ RQO `=wv= w C}rw�R hrDNt OYQO 4
11 �RCPT� O}=Qrm uw} |xOW`} QUD Pwiv V}=tR; "4"4"2

[19]'ASTM C1202 OQ=Ov=DU= =@ j@=]t O}=Qrm uw} |xOW`} QUD Pwiv V}=tR;
|QDt|Dv=U 15|@amt |xvwtv 12 'Q[=LV}=tR; s=Hv= Qw_vt x@ "CU= xOW s=Hv=
s=Om Qy C}rw�R �15 KQ] xvwtv 6 w C}rw�R �0 KQ] xvwtv 6 pt=W xm 'OW xDN=U
|QDt|Dv=U 15 |@amt |=yxvwtv R= =OD@= "OvOw@ OQU w sQo 'd=O RQO ẁv 3 |=Q=O
xDiQo QDt|Dv=U 5 `=iDQ= w 10 Q]k =@ |}=yxRet 'OvOw@ xO}UQ RwQ 28 uU x@ xm
'OvOw@ xOW p=ta= =yxvwtv pN=O QO xm 'OQU w sQo 'd=O |=yRQO xm |Qw] x@ "OW
COt x@ =yxRet 'Oa@ |xrLQt QO "OvDW=O Q=Qk =yxRet |}xQ}=O `]kt K]U Q@ Owta
T=tD QO =yxRet |=yDv= wO R= s=Om Qy TBU 'OvDiQo Q=Qk -qN \}=QW QO Ca=U 24
s}OUO} Qrm �3 pwrLt =yx_iLt R= |m} QO xm 'OvOW xO=O Q=Qk x_iLt l} =@
0/3 pwrLt R}v Qo}O |x_iLt QO w OW pYw |ivt ?]k x@ w xDN} Q �NaCl�
u; R= TB "OW pYw C@Ft ?]k x@ w xDN} Q �NaOH� s}OUO}UmwQO}y p=tQv
Crw 60 p}Uv=DB hqDN= CLD Ca=U 6 COt x@ =yxRet QU wO '4 pmW j@=]t
Q=QkQ@ p}Uv=DB hqDN= u}= QF= QO =yxRet QU wO u}@ |m} QDmr= u=} QH =D 'OvDiQo Q=Qk

"xU=t |Ov@xv=O "3 pmW
"|iQYt |=yxv=OovU |vi C=YNWt "1 pwOH

�|@Uv |r=oJ� XwYNt uRw ?; ?PH OYQO xv=OovU
2/57 1/78 CWQO uW
2/59 1/99 R} Q uW
2/54 2/29 xU=t

"C}rw�R w u=t}U |}=}t}W R}r=v; "2 pwOH
��� C}rw�R ��� u=t}U |}=}tW ?}mQD

64/9 20/18 SiO2
12/3 3/78 Al2O3
0/4 3/79 Fe2O3
2/1 64/07 CaO

0/9 1/23 MgO

0/2 3/6 SO3
2/2 1/36 Na2O

2/8 0/96 K2O

\qDN= KQ] "2"2
u}= x@ "CU= xOW xDiQo Q_v QO |mDre uD@ \wrNt KQ] 4 'Q[=L VywSB QO
pwOH QO� OW u=t}U uRw u} Ro}=H OYQO 40 w 30 '15 '0 =@ C}rw�R xm CQwY
'xU=t 'uW =OD@= '|vD@ |=yKQ] CN=U Qw_vt x@ "�CU= xOW x�=Q= \wrNt KQ] 3
jwi w ?; TBU 'OvOW \wrNt um \wrNt uRNt pN=O QO C}rw�R w u=t}U
Kr=Yt '\wrNt x@ ?; uOQm xi=[= u=tR R= "OW xi=[= |vD@ \wrNt x@ xOvvmu=wQ
'\wrNt KQ] Qy QO u}vJty "OvOW \wrNt um \wrNt \UwD xk}kO 4 COt x@

"CU= xOW xO=iDU= QD= Cq}Umw@ Qm |rB |x}=B =@ xOvvmu=wQ jwi sQo 100

|vD@ |=yxvwtv CN=U "3"2
RQO "CU= xOW xO=iDU= |QDt|Dv=U 15 |@amt |=yxvwtv R= 'Q[=L VywSB QO
'OwW =QH= |v}}=B |x}q VQ}o R= V}B |}q=@ |x}q xm O};|t O}OB |t=ovy d=O
x@ x}q wO w Ovm|t Pwiv u} Q} R |x}q QO |}q=@ |x}q |=yxv=OovU CQwY u}= QO
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|=yRQO |=Q=O |=yxvwtv R= |Qw@a |m} QDmr= u=} QH 'Oy=W |=yxvwtv u}@ QO xm
QO u}=Q@=v@ "CU= RQO uwO@ |xvwtv R= QDW}@ OYQO 24 w 10 ?}DQD x@ OQU w sQo
u=}t QO "CU= sQo RQO R= QDW}@ |Q}PBPwiv V}=Ri= QO OQU RQO Q}F-=D 'Oy=W |=yxvwtv
|=yRQO |=Q=O |=yxvwtv R= |Qw@a |m} QDmr= u=} QH R}v 'C}rw�R |=Q=O |=yxvwtv
RQO uwO@ |xvwtv R= |Qw@a u=} QH R= QDtm OYQO 8/4 w 5/2 ?}DQD x@ OQU w sQo
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