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leQDUm =N |v} Ro}=H Q}F-=D |y=oW}=tR; |UQQ@

xOW C}@FD |xU=t QO C}rw�R w xQ=l =N
u=t}U =@

�OWQ= |U=vWQ� � |iUw} =[Q
�OWQ= |U=vWQ� � |�wta T=@aQ}t=

�Q=}O=DU=� �|t} Qm =[Qr=O@a
�Q=}O=DU=� |NU pt=a OwaUt

sk |DavY x=oWv=O '|UOvyt w |vi |xOmWv=O

|q=@ |xv} Ry u}vJty w |QyW `t=wH QO |]}LtCU} R |=y|oOwr; x@ xHwD =@ xRwQt=
VywSB QO "CU= |QwQ[ |Qt= 'u; u} Ro}=H u=wva x@ |Lr=Yt R= xO=iDU= 'u=t}U O}rwD
R= u=tRty |xO=iDU= w u=t}U |=Hx@ xQ=l =N QDUm =N |v} Ro}=H Q}F=D |UQQ@ x@ Q[=L

l =N |R=Uy@ Qw_vt x@ "CU= xOW xDN=OQB |}xU=t l =N |R=Uy@ Qw_vt x@ C}rw�R
QDUm =N |v} Ro}=H OYQO 1=5 w 1 ' '0=5 '0 Q}O=kt 'u=t}U |vRw �4 Q}O=kt R= QwmPt
'7 |Qw;pta u=tR QO C}rw�R |v} Ro}=H OYQO 70 w 50 '30 '10 '0 Q}O=kt w xQ=l =N
w C}rw�R |v} Ro}=H |xv}y@ OYQO 'V}=tR; G}=Dv j@] "CU= xOW xO=iDU= RwQ 28 w 14

xOt; CUO@ �0=5 w �10 ?}DQD x@ |}xU=t l =N |R=Uy@ KQ] QO xQ=l =N QDUm =N
?}DQD x@ RwQ 28 w 14 |Qw;pta u=tR QO xOWv C}@FD |=yxvwtv x@ C@Uv xm CU=

w 73=9 u=t}U �4 =@ xOW C}@FD |=yxvwtv x@ C@Uv w OYQO 245=01 w 250=46
"OyO|t u=Wv =Q |QwLtlD Ctw=kt QO V}=Ri= OYQO 87=42
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amooei.a@qut.ac.ir
karimi@qut.ac.ir
amelsakhi@qut.ac.ir

Ctw=kt 'C}rw�R 'u=t}U 'xQ=l =N QDUm =N 'xU=t 'l =N C}@FD %|O}rm u=oS=w
"|QwLtlD |Q=Wi

xtOkt "1
[5]"OwW|t QWDvt CO2 |}xv=Nro R=o uD 0=79 w 0=655 ?}DQD x@ u=Q}= QO Qmv}rm
xm Ov=xOQw; |wQ u=t}U u} Ro}=H u=wva x@ |O=wt R= xO=iDU= x@ u=QoWywSB xRwQt=
"Ovmv O=H}= R}v |]}LtCU} R |=y|oOwr; '|O=YDk= |=yxv} Ry Vy=m Q@ xwqa
xDN=vW |a}@] |vOat xO=tl} u=wva x@ xm 'CU=C}rw�R 'xOW QmP O=wt u}= R= |m}
x@ u=wD|t =Q u=vtU u=DU= QO xS} w x@ QwWm QO Q=}U@ uO=at OwHw u}vJty "OwW|t
QO |a}@] |=yC}rw�R "OQ@ s=v u=t}U |=Hx@ C}rw�R OQ@ Q=m p}qO R= |m} u=wva
?=Pt nvU� =to =t =yu=WiWD; u=Qwi =@ "Ov};|t OwHwx@ |v=WiWD; C}r=ai xH}Dv
xDUwB j} Q] R= ^}re QDUm =N w Q=@e '=yR=o =@ x=Qty |}xR=Oo CQwY x@ �u}tR QO
'OvW=@ Twv=}k= l} l}ORv =} xQ} RH l} QO =yu=WiWD; Qo = "OwW|t GQ=N u}tR
xR=Oo '=} QO x@ uO}UQ s=ovy QO w OvR} Q|t =} QO x@ ?re= xOR uwQ}@ QDUm =N w xR=Oo
O}rwD x@ QHvt p=U u=Q=Ry |] xm OvyO|t s=Hv= |}=yVvm =w =} QO ltv w ?; 'd=O

[7w6]"OwW|t C}rw�R x@ hwQat |Qwr@ |=yOt=H
Ovv=t|m =N|}=}rk =}|}=}rk C=Rri R=|r=DU} Qm|}=yC=m}r}Uwv}twr; '=yC}rw�R
w [AlO4]5� ?}mQD R= xm OvDUy s}Urm w s} Q=@ 's}Uv=QDU= 's} R}vt 's}U=DB 's}OU
1 |x]@=Q "OwW|t xOy=Wt 1 pmW QOC}rw�R Q=DN=U "Ov};|t OwHw x@ [SiO4]4�

R= "Ov=xOw@ R=UpmWt xQ=wty |Dtw=kt C=}YwYN p}rO x@ |}xv=O |=yl =N
sOa w sm Ctw=kt 'CN=wvm} w CUU |}xU=t |=yl =N xOta |=y|oS} w
u=t}U uOwRi= VwQ 'CUU |}xU=t l =N C}@FD CyH "CU=yu; |oOv@UJ
QO xRwQt= [1]"CU= u=UOvyt |xO=iDU= OQwt OQ@ Q=mQB |=yxv} Ro R= |m} u=wva x@
l =N KqY= hQY |r=t `@=vt R= |yHwD p@=k VN@ '|v=Qta |=yxSwQB R= |Q=}U@
p=L QO |QyW j]=vt QO |oOvR |=Q@ R}v |]}LtCU} R \}=QW u=tRty "OwW|t
R= xO=iDU= xrtH R= |R=Uy@ |=yVwQ |NQ@ uOw@ |tU u}vJty "CU= Ct=Nw
|]}LtCU} R CqmWt |NQ@ RwQ@ ?Hwt u=t}U w ly; Ovv=ty |}=}t}W O=wt

[4�2]"OwW|t |v}tRQ} R ?; |=yxQiU Q}Ut Q}}eD w =yl =N |oOwr; Q}_v
V}B QO |oOwr; Vy=m |=Q@ =Q =y|Qw=vi u} QDuQOt u=t}U CavY xm |r=L QO
QO |O=} R syU 'u=t}U pkv w ptL w O}rwD Ov}=Qi hrDNt pL=Qt =t= 'CU= xDiQo
w u=t}U uD l} O}rwD |=Q@ OyO|t u=Wv C=ar=]t "OvQ=O CU} R\}Lt |oOwr;

pw�Ut xOvU} wv �
"1400 5 10 VQ}PB '1400 3 29 x}LqY= '1399 11 18 Ci=} QO %M} Q=D
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QQ@pY=L Ov=tUB w |@v=H pwYLt xm CU= xQ=l =N 'xOW xQ=W= O�=R O=wt u}= R= |m}
Ovv=t |}=yOQ@ Q=m xQ=l =N "CU= ?wJ uOQm xQ= Ovv=t ?wJ =@ Q=m C=}rta R=
R= |Q@?wJ C=Hv=NQ=m QO "OQ=O ?wJ p=eR =} w ?wJ Q}tN CN=U QO xO=iDU=
xm OwW|t xO=iDU= uOQm ?=}U; C=}rta |=Q@CNwU u=wva x@ |O}rwD |=yxQ=l =N
xQ=l =N QDUm =N R= "CU= xQ=l =N QDUm =N 'xQ=l =N uOv=RwU R= xOv=t}k=@ pwYLt

[18w17]"OQm xO=iDU= l =N |R=Uy@ QO =} w uD@ CN=U QO u=wD|t
C=}YwYN QO xQ=l =N Q}F-=D OQwt QO u=QoWywSB R= |Q=}U@ 'p}rO u}ty x@
"CU= xDW=O l =N X=wN QO |}=RU@ Q}F-=D Qt= u}= xm Ov=xOQm xar=]t l =N |UOvyt
QO OYQO 9 w 6 '3 |vRw Q}O=kt =@ xQ=l =N Q}F=D |UQQ@ QO �2019� |Q}@O w u}OD
V}=Ri= x@ QHvt xQ=l =N �3 uOwRi= xm OvDi=} QO |UQ |=yl =N |m}vmDw�S Q=DiQ
CUWv w ?; ?PH 'pNrND C@Uv Vy=m |Q}PBsm =QD w |Q@ Q=@ C}iQ_ 'Ctw=kt

[19]"CU= xOW
Black Cotton l =N C}@FD |}xar=]t QO R}v �2017� u=Q=mty w Vm =Q
OYQO 100 =D 85 OwOL� |R} Q Q=}U@ C=QP |=Q=O w h}a[ Q=}U@ |m =N xm
=D |tQwD Q=Wi w OYQO 300 =D 200 OwOL QO |tHL C=Q}}eD =@ w �TQ
xQ=l =N �1 x=Qty x@ u=t}U �2 uOwRi= =@ xm OvDi=} QO 'CU= 10Kg=cm2

C}iQ_ u}vJty "CU= xDi=} Vy=m OYQO 3=7 OwOL |v=wQ OL 'l =N x@
2=1 =yxvwtv |QwLtlD |Q=Wi Ctw=kt w Q@=Q@ 4=6 OwOL �CBR� |Q@ Q=@
xQ=l =N Q}F=D |UQQ@ |=Q@ �2014� u=Q=mty w Q=twm u}vJty [20]"CU= xOW Q@=Q@
lWN XwYNt uRw C=Q}}eD R}v w �Laterite� RtQk TQ l =N |R=Uy@ QO
OvOQm xO=iDU= xQ=l =N OYQO 8 w 6 '4 '2 Q}O=kt R= |WQ@ Ctw=kt w l =N
u; R= Oa@ w V}=Ri= l =N |WQ@ Ctw=kt 'xQ=l =N �4 uOwRi= =@ xm OvDi=} QO w
xOW l =N XwYNt uRw Vy=m Ea=@ xQ=l =N uOwRi= u}vJty "O@=}|t Vy=m

[21]"CU=
|m} xQ=wty w OQ=O =Q Ca}@] QO uOW x} RHD p=tDL= 'xQ=l =N xm =Hv; R=
R= |Q}owrH |=Q@ =yQ=my=Q R= |m} "CU= xOw@ u=QoWywSB |rY= |=yxeOeO R=
|r; O=wt uDiQ u}@ R= ut[ xm CU= xQ=l =N QDUm =N R= xO=iDU= 'xOW QmP pmWt
OwW|t Fe2O3 w Al2O3 'SiO2 Ovv=t |}=yO}Um = p}O@D Ea=@ u; QO OwHwt
=OH Ea=@ xO=O MQ |}=}t}W Vvm =w "OQ=O =Q |}=}t}W |=yVvm =w s=Hv= C}r@=k xm
|vqwRwB w |v=t}U |=ypS O=H}= =@ w OwW|t QDUm =N QO �CaO� ly; uOW
s}Urm C=v}twr; C=QO}y pS w �CSH� s}Urm C=m}r}U C=QO}y pS R= pmWDt
C=QP |DNU w Ctw=kt V}=Ri= Ea=@ w Ovm|t pYDt =Q l =N C=QP �CAH�
u=Wv =Q QwmPt |=yVvm =w u}= s=Hv= |xwLv 5 =D 2 |=yxrO=at "OwW|t l =N

[22]"OyO|t

CaO + H2O! Ca(OH)2 (2)

Ca(OH)2 ! Ca2+ + 2(OH�) (3)

Ca2+ + 2(OH)� + SiO2 ! CSH (4)

Ca2+ + 2(OH)� + Al2O3 ! CAH (5)

|R=UwQ QDU@ l =N u=wva x@ |Dr}U xU=t |UQQ@ QO �2016� 1wUwt w ly@
ly; w GvQ@ xDUwB QDUm =N R= xO=iDU= xm OvO=O u=Wv x�wowQ= p=tW QO x=Q l}
w |m}i=QD \}=QW Q@=Q@ QO =Q |R=UwQ Ctw=kt w xOW |vqwRwB |=yVvm =w x@ QHvt
|Dr}U xU=t |QwLtlD Ctw=kt xv}y@ Cr=L u}vJty "CU= xO=O V}=Ri= |]}Lt

[23]"CU= xOt; CUOx@ ly; �3 w GvQ@ xDUwB QDUm =N �25 uOwRi= =@

[9]"C}rw�R Q=DN=U "1 pmW
w |}=}rk Rri |=yuw}D=m M+ u; QO xm Ovm|t u=}@ =Q =yC}rw�R |}=}t}W pwtQi

[8]"CU= |m =N |}=}rk |=yuw}D=m M2+

[(M+;M2+
0=5)AlO2]x:[SiO2]y:[H2O]z (1)

l =N |WWm Ctw=kt QO C}rw�R QF= |UQQ@ QO �1393� u=Q=mty w |U=@a
|a}@] C}rw�R OYQO 30 |v} Ro}=H =@ xm OvDi=} QO u=t}U =@ xOW C}@FD |}xU=t
|=yxvwtv x@ C@Uv =yxvwtv |WWm Ctw=kt |OYQO 45 V}=Ri= 'u=t}U |=H x@
QO R}v �2019� =W=BVwW w |U=@aqt [11w10]"CU= |@=}DUO p@=k C}rw�R uwO@
OvDN=OQB QUr@=@ |xU=t l =N |=yxvwtv QO u=t}U =@ C}rw�R |v} Ro}=H Q}F=D |UQQ@
C}rw�R �30 |v} Ro}=H =@ xm OvDi=} QO |QwLtlD |Q=Wi Ctw=kt V}=tR; G}=Dv R=
x@ |QwLtlD |Q=Wi Ctw=kt 'C}rw�R uwO@ |=yxvwtv x@ C@Uv u=t}U |=H x@
QO sy �1398� u=Q=mty w |U=@a [12]"CU= xDi=} V}=Ri= OYQO 78 =D 20 u=R}t
R= u=t}U =@ xOW C}@FD |}xU=t l =N |=yxvwtv QO C}rw�R |v} Ro}=H Q}F=D |UQQ@
C}rw�R �50 |v} Ro}=H =@ xm OvDi=} QO w OvOQm xO=iDU= s}kDUt VQ@ |=yV}=tR;
u=R}t x@ C}rw�R uwO@ |=yxvwtv x@ C@Uv '=yxvwtv |WQ@ Ctw=kt 'u=t}U |=H x@

[13]"CU= xDi=} V}=Ri= '|oDN}Uo VvQm V}=Ri= =@ x=Qty �62
xOvwWsQwDt |=yl =N C}@FD |xar=]t R= �2009� T=@ Q}tO hOy u}vJty
\wrNt w ly; w I}O=o}@ C}rw�R Q=F; |UQQ@ ly; w G}O=o}@ C}rw�R R= xO=iDU= =@
'=yxv=O xR=Ov= `} RwD 'nQ@ QD= OwOL :xrtH R= 'l =N X=wN |NQ@ |wQ Q@ xO=t wO u;
sQwD MQv w sQwD OYQO QO |R=Uy@ QF= |UQQ@ u}vJty w sQwD MQv w sQwD OYQO

[14]"CU= xOw@ I}O=o}@ Q=O?; C=m}r}U ẁv Qy C}@FD =@ l =N
C}rw�R =@ xOW C}@FD |}xU=t l =N |m}vmDw�S C=}YwYN �2015� nvwy
|=yV}=tR; G}=Dv w xOQm |UQQ@ OYQO 75 w 50 '25 hrDNt |vRw Q}O=kt QO =Q
OYQO '\wrNt QO C}rw�R uRw C@Uv V}=Ri= =@ xm CU= xO=O u=Wv u=W}= |tm =QD
|OtL= [15]"CU= xDi=} Vy=m l =N lWN XwYNt uRw w V}=Ri= xv}y@ C@ w]Q
C}rw�R OYQO 90 w 70 '50 '30 '10 ' 0 Q}O=kt |v} Ro}=H =@ �2021� u=Q=mty w
|@ QHD G}=Dv "OvDN=OQB TQ l =N C}@FD x@ u=t}U OYQO 12 w 10 '8 '6 Q}O=kt w
x@ C}rw�R V}=Ri= =@ xm CU= xO=O u=Wv u=W}= |QwLtlD Ctw=kt |=yV}=tR;
QDW}@ Q}O=kt =@ w V}=Ri= l =N |QwLtlD Ctw=kt 'u=t}U |v} Ro}=H �30 u=R}t

[16]"CU= xDi=} Vy=m C}rw�R
R= Qo}O |m} 'Ovm|t O=H}= CU} R\}Lt |=Q@ u=t}U xm |DqmWt Q@ xwqa
xm CU= hrDNt CqwYLt R= O�=R O=wt CW=@v= 'RwQt= xat=H Cq[at u} QDsyt
xm CU= QwmPt O�=R O=wt R= OOHt xO=iDU= 'Q}N= pmWt `iQ |=ypLx=Q R= |m}
"OvwW xO=iDU= l =N |UOvyt C=}YwYN Ow@y@ QO |vOwRi= O=wt u=wva x@ Ov=wD|t
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ASTM
ASTM D4253� 4254[37w36]

ATSM ATSM
[38] D854 [35] D698 [34] D2487

2=65 0=318 0=432 1=85 2=01 11=1 SW

"|}xU=t l =N |Ov@xv=O Q=Owtv "2 pmW

=yVwQ w O=wt "2
l =N �UCS� |QwLtlD Ctw=kt QO xQ=l =N QDUm =N Q}F=D |UQQ@ Qw_vt x@
w u=t}U |=Hx@ C}rw�R w xQ=l =N QDUm =N |v} Ro}=H Q=Okt |=yQDt=Q=B '|}xU=t
Ctw=kt V}=tR; 57 O=OaD ẁtHt QO w xDiQo Q=Qk Q_vOt |Qw;pta u=tR u}vJty
�4 Q}O=kt R= QwmPt |}xU=t l =N |R=Uy@ Qw_vt x@ "CU= xOW s=Hv= |QwLtlD
Q}O=kt w xQ=l =N QDUm =N |v} Ro}=H OYQO 1=5 w 1 '0=5 '0 Q}O=kt 'u=t}U |vRw
28 w 14 '7 |Qw;pta u=tR QO C}rw�R |v} Ro}=H OYQO 70 w 50 '30 '10 '0

"CU= xOW xO=iDU= RwQ

xO=iDU= OQwt Kr=Yt "1"2
xU=t "1"1"2

|Ov@xv=O =@ |DiQ@; |}xU=t l =N 'CU= xOW xO=iDU= Q[=L VywSB QO xm |m =N
CW=OQ@ sk x}ywmW lQyW QO `k=w Cr=iU; xv=NQ=m R= xm CU= xOw@ CN=wvm} Q}e
l =N xm OW XNWt QwmPt l =N |wQ Q@ |Ov@xv=O V}=tR; s=Hv= =@ "CU= xOW
l =N u}= |Ov@xv=O Q=Owtv "CU= �SW� |Ov@xv=O ?wN |xU=t ẁv R= xOW xQ=W=
C=YNWt w OwW|t xOy=Wt 2 pmW QO [33] ASTM C136 OQ=Ov=DU= j@]

"CU= xOW x�=Q= 1 pwOH QO u;
u=t}U "2"1"2

"CU= xOW xO=iDU= l}@; u=t}U xv=NQ=m II A}D OvrDQB u=t}U 'Q[=L VywSB QO
KqY= OvrDQB u=wva =@ u=t}U ẁv u}= [39] ASTM C150 ptar=QwDUO j@=]t
OQ=O CQwQ[ =yu; |=Q@ \UwDt uw}UQ=O}y CQ=QL xm |}=yuD@ CN=U CyH xOW

"CU= xOW h} QaD 'OW=@ \UwDt OL QO C=irwU |xrtL w
C}rw�R "3"1"2

xOW x}yD u=vtU u=w=m uOat R= xmCU= xOw@C}rwr}DB wv}rm ẁv R= xOW xO=iDU=C}rw�R
3 w 2 |=ypwOH QO C}rwr}DB wv}rm C}rw�R |}=}t}W w |m} R}i C=YNWt "CU=

u=Q=mty w |Dt=Qm w �2020� u=Q=mty w |r '�2017� u=Q=mty w Vwyt
=@ xm OvDi=} QO |}xU=t l =N QO |O=@ QDUm =N uOwRi= Q}F=D |UQQ@ QO �2017�
Vy=m u; R= TB w V}=Ri= l =N lWN XwYNt uRw '|O=@ QDUm =N uOwRi=
xDi=} V}=Ri= u; R= TB w Vy=m R}v l =N xv}y@ C@ w]Q OYQO u}vJty CU= xDi=}
V}=Ri= l =N |DNU R}v Ctw=kt |Qw;pta u=tR w |@Uv sm =QD V}=Ri= =@ "CU=

[26�24]"CU= xDi=}
u=R}t V}=Ri= =@ xm CU= xO=O u=Wv �2014� u=Q=mty w xO}= C=ar=]t G}=Dv
'|Q}tN OL '|v=wQ OL |=yQDt=Q=B 'TQ l =N QO xOW xO=iDU= xQ=l =N QDUm =N
u=R}t V}=Ri= =@ u}vJty "Ov=xOQm =O}B Vy=m |]N Z=@kv= w |Q}tN |xv=Wv
Vy=m QDUm =N w l =N |=Q=O |=yxvwtv |xv}W}@ lWN |r=oJ 'xQ=l =N QDUm =N

[27]"CU= xOQm =O}B V}=Ri= =yu; |xv}y@ C@ w]Q xm |r=LQO 'CU= xDi=}
xQ=l =N QDUm =N uOwRi= =@ �2016� 2u}=H w Q=twm |xDiQo CQwY C=ar=]t QO
|oOv@UJ w |rN=O l =m]Y= x} w=R Q}O=kt xm OW xOy=Wt |UQ l =N |xvwtv x@
QDUm =N uOwRi= =@ xv}W}@ lWN XwYNt uRw Q=Okt u}vJty "CU= xDi=} Ow@y@
xDi=} Vy=m |}x_Lqt p@=k Qw]x@ TQ l =N |Q}tN XN=W w V}=Ri= xQ=l =N
QO u=t}U w xQ=l =N Q}F=D |UQQ@ QO R}v '�2015� 3u=Q=mty w =tQw [28]"CU=
xQ=l =N �1 w u=t}U �2 uOwRi= =@ xm OvDi=} QO Black Cotton l =N |R=Uy@
XwYNt uRw |xv}W}@ R}v w Vy=m �3=7 |v=wQ OL 'Black Cotton l =N x@
u=NQ}yW '�2018� u=Q=mty w s} Qm [29]"CU= xDi=}V}=Ri= �6=29 =D l =NlWN
Ow@y@ QO xQ=l =N QDUm =N Q}F=D |UQQ@ QO �2017� u=Q=mty w C=@ w �2015�
OL w |v=wQ OL 'xQ=l =N QDUm =N uOwRi= =@ xm OvDi=} QO TQ l =N C=}YwYN
Ea=@ xQ=l =N QDUm =N uOwRi= u}vJty "CU= xDi=} V}=Ri= TQ l =N |Q}tN
uOwRi= |iQ] R= "CU= xOW TQ l =N |xv}W}@ lWN XwYNt uRw Vy=m
"CU= xOW xv}y@ C@ w]Q OYQO V}=Ri= Ea=@ 'TQ l =N x@ xQ=l =N QDUm =N
w |rN=O l =m]Y= |x} w=R 'Vy=m l =N |Q}PBPwiv 'xQ=l =N QDUm =N uOwRi= =@

[32�30]"CU= xDi=} V}=Ri= |WQ@ Ctw=kt
:Ovv=t |O�=R O=wt uOwRi= |xv}tR QO xOW s=Hv= |=yVywSB QDW}@ xm |}=Hv; R=
w xv=OR} Q |=yl =N |wQ Q@ xQ=l =N QDUm =N w GvQ@ |xDUwB QDUm =N '|O=@ QDUm =N
QO |@ wr]t Q}F=D x@ QHvt w xOw@ u=t}U x@ C}rw�R uOwRi= =} w TQ l =N uwJ |DUU
|UQQ@ x@ Q[=L VywSB QO =Pr "CU= xOW |=yl =N u}= |m}vmDw�S C=}YwYN
l =N |QwLtlD Ctw=kt QO C}rw�R w xQ=l =N QDUm =N R= xO=iDU= u=tRty Q}F=D
Q}F=D |UQQ@ 'Q[=L VywSB hOy "CU= xOW xDN=OQB u=t}U =@ xOW C}@FD |}xU=t
QDUm =N |xO=t wO ltm x@ xOW p}mWD |v=t}U |=ypS w |vqwRwB |=yVvm =w
=yv; R= xO=iDU= |xv}y@ OYQO uOQw; CUO@ w |}xv=O l =N QO C}rw�R w xQ=l =N
xOw@ �SW� |Ov@xv=O ?wN |xU=t 'xOW xO=iDU= l =N xm =Hu; R= "CU= xOw@
u; QO C}rw�R w xQ=l =N QDUm =N uOwRi= Q}F=D OwQ|t Q=_Dv= 'CU= xOw@ xv=OR} Q w
R= xOW |R=Uy@ |=yxvwtv |Q=DN=U |UQQ@ Qw_vt x@ u}vJty "OW=@ xOy=Wt p@=k
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0=683 0=65 38 65

"��� C}rwr}DBwv}rm C}rw�R |}=}t}W C=YNWt "3 pwOH
LOI S P2O5 MnO K2O Na2O MgO CaO TiO2 Fe2O3 Al2O3 SiO2
6=89 0=02 0=052 0=015 2=68 1=89 1=56 1=53 0=188 1=29 11=63 72=98

"�LOI %j=QDL= p=LQO uDiQ u}@ R=� xQ=l =N QDUm =N |}=}t}W w |m} R}i C=YNWt "4 pwOH
G3 C=QP xR=Ov= =yO}Um = Q}=U LOI MgO CaO SO3 Fe2O3 Al2O3 SiO2

2=13 < 0=075mm �2=5 �3=9 �1=2 �4=7 �1=6 �2=9 �5=8 �76=3
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|xrwr R= 'OvwW |Q=Oyov ?r=k uwQO O}=@ w OvQ=O u=tR x@ R=}v |Qw;pta |=Q@
|Q=Oyov |=y?r=k O=a@= xR=Ov= "CU= xOW xO=iDU= ?r=k u=wva x@ �PVC� =m}rB
Ctw=kt V}=tR; QO "CU= xOW xO} Q@ 70mm `=iDQ= x@ w xOw@ 34mm Q]k =@
x@ pw] C@Uv [42] ASTM D2166 OQ=Ov=DU= =@ j@=]t |QwLtlD |Q=Wi
uOQm GQ=N QO CrwyU CyH u}vJty "OW=@ 2 � 2=5 u}@ O}=@ =yxvwtv Q]k
s}UkD =RHt CtUk wO x@ R}v |Owta CQwYx@ =y?r=k '|Qw;pta R= TB =yxvwtv
R= |Q}owrH w |QwLtlD V}=tR; |=Q@ ?U=vt |=yxvwtv CN=U R= TB "Ov=xOW
xv=o =OH Qw] x@ =yxvwtv R= l} Qy 'V}=tR; R= p@k C@ w]Q OYQO O=} R C=Q}}eD
R= "Ov=xOW xO}WwB |vwr}=v |=yxU}m =@ TBU w xDiQo Q=Qk ?w]Qt |=yxJQ=B QO
'CU= xOW s=Hv= lWN qt=m Cr=L QO VywSB u}= |=yV}=tR; s=tD xm |}=Hv;
"OvOW V}=tR; TBU w OvDiQo Q=Qk \}Lt |=tO QO Ca=U 24 COt x@ =yxvwtv
xOy=Wt 4 pmW QO =yxvwtv |Qw;pta xwLv w =yu; VQ@ xwLv w PVC |=y?r=k

"OwW|t

|y=oW}=tR; |=yuwtR; "3"2
sm =QD V}=tR; "1"3"2

OQ=Ov=DU= T=U= Q@ sm =QDV}=tR; w \wrNt s=tD= R= TB xrY=iq@ =yxvwtv |R=UxO=t;
|=Q@ xvwtv GvB l =N ẁv wO Qy |=Q@ w KQ] Qy QO "OW s=Hv= [35] ASTM D968
l =N ẁv wO R= hrDNt Q}O=kt "OW xO=iDU= sm =QD |=Q@ xv}y@ C@ w]Q uOQw; CUO@
Qy |=Q@ xOW u=}@ |=yOYQO T=U= Q@ xQ=l =N QDUm =N w C}rw�R 'u=t}U '|}xU=t
QO w \wrNt sm =D@Uv C@ w]Q =@ w OvOW =OH sQowr}m 3 u=R}t x@ ẁtHt QO xvwtv

|}=}t}W |x} RHD VwQ x@ C}rw�R |xOvyO p}mWD |=yO}Um = "CU= xOW x�=Q=
"CU= xOW s=Hv= u=w=m uOat CmQW x=oW}=tR; QO XRF V}=tR; \UwD

xQ=l =N QDUm =N "4"1"2
xDi=} xt=O= OwW p}O@D QDUm =N x@ u; C=QP s=tD xm |v=tR =D xQ=l =N uOv=RwU
"CU= xOw@ CWQO |r}N C=QP uwO@ w R}tD =D@Uv xOv=t |=HQ@ QDUm =N "CU=
Vy=m Qw_vt x@ u; QDUm =N 'O}UQ s=tD= x@ xQ=l =N uOv=RwU pta xmv}= R= TB
TB w CiQo Q=Qk O=R; |=wy QO w OW VNB K]Ut hQ_ |wQ Q@ CQ=QL xHQO
|oOv@UJ xm O}; CUOx@ |R} Q C=QP =D OW O=O Qw@a 200 lr= R= uOW OQU R=
lr= QDUm =N TBU "Ovm O=H}= C}rw�R w u=t}U =@ |rw@k p@=k |Q}PBVvm =w w
OW xO=O Q=Qk uw= uwQO O=Qo|Dv=U xHQO 500 |=tO QO Ca=U 2 COt x@ xOW
u=v}t]= |r; O=wt xvwoQy hPL u}vJty w QDUm =N C=QP uw}U=O}Um = pta R= =D
OQ w xOv=t |=HQ@ QDUm =N w xQ=l =N uOv=RwU |xwLv 3 pmW QO [30]"OwW pY=L
|}=}t}W |=y?}mQD w |m} R}i C=YNWt "OwW|t xOy=Wt =Q 200 lr= R= xOW
\UwD xQ=l =N QDUm =N|}=}t}W R}r=v; "CU= xOW x�=Q= 4 pwOH QO xQ=l =N QDUm =N
|=yOQ=Ov=DU= x@ xHwD =@ "CU= xOW s=Hv= |t}W x=oW}=tR; QO w XRF V}=tR;
'=yuqwRwB |}=}t}W X=wN x@ \w@ Qt [41w40] ISIRI3433 w ASTM C618
"CU= xOW u=wva �70 pk=OL u; QO : pt=W xOvyOp}mWD |rY= QY=va ẁtHt
CU= �85 xQ=l =N QDUm =N |}=}t}W R}r=v; QO Q}N= Q=Okt xm OwW|t xOy=Wt
OwHw Q]=N x@ xOW xQ=W= C}OwOLt "OQ=O Ck@=]t xOW QmP |=yOQ=Ov=DU= =@ xm
|vqwRwB Vvm =w s=Hv= |=Q@ Fe2O3 w Al2O3 'SiO2 O}Um = xU |i=m Q}O=kt
R} Q Ow@y@ ?@U w OvyO|t Vvm =w u=t}U =@ QwmPt |=y?}mQD |va} "CU= sRq
CaO |xOvyOp}mWD Q=Okt Q_v R= =yQDUm =N "OvwW|t xD=QO}y u=t}U Q=DN=U
x@ w OvDUy CaO |O=} R Q}O=kt 'C xwQo "OvwW|t s}UkD C w F Tqm wO x@
w OvDUy CaO |tm Q}O=kt |=Q=O xm F xwQo w OvQ=O uOW |v=t}U C}r@=k |}=yvD
w |}=}t}W |=yVvm =w s=Hv= C}r@=k 'ly; w u=t}U Ovv=t |}=yxOvvmp=ai ltm =@
sm xQ=l =N QDUm =N QO CaO Q=Okt xm =Hv; R= "Ovvm|t =O}B |oOv@UJ C}=yv QO
xOW xO=iDU= |vqwRwB w |}=}t}W |=yVvm =w xOvvmp=ai u=wva x@ u=t}U R= CU=

"CU=

=yxvwtv CN=U "2"2
15 COt x@ xQ=l =N QDUm =N w C}rw�R 'u=t}U =OD@= =yxvwtv |R=UxO=t; CyH
u}}=B CaQU =@ |kQ@ uRty |xr}Uw x@ lWN CQwY x@ |}xU=t l =N =@ xk}kO
u; x@ Q]kt ?; TBU "OvyO VWwB =Q l =N \=kv s=tD |@ wNx@ =D OvOW \wrNt
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XwYNt uRw Vy=m "CU= xDi=} Vy=m �MDD� l =N lWN XwYNt uRw
QO 'OW=@ xQ=l =N QDUm =N XwYNt uRw uOt; u}}=B p}rO x@ Ov=wD|t l =NlWN
uw}U=QO}y |=Q@ QDW}@ ?; x@ R=}v QF= QO CU= umtt xv}y@ C@ w]Q V}=Ri= xm |r=L
w C}rw�R uOwRi= =@ `=@W=Q}e |=yl =N l}v=mt x@ xHwD =@ Qo}O hQ] R= "OW=@
xOQm =O}B Vy=m l =N |Q}PBPwiv w GQi w prN '|}xU=t l =N x@ xQ=l =N QDUm =N
w =wy Q=Wi hqDN= Q@=Q@ xm �Capillary suction� l} QD=t Vmt xm =Hu; R= w
l} QD=t Vmt 'C@ w]Q Vy=m =@ 'OQ=O Tma |x]@=Q C@ w]Q =@ w CU= ?; Q=Wi

"O@=}|t V}=Ri= l =N |DNU w Ctw=kt xH}Dv QO w l =N QO

|QwLtlD V}=tR; G}=Dv "2"3
C}rw�R |v} Ro}=H Q}F=D "1"2"3

|v} Ro}=H =@ |QwLtlD Ctw=kt V}=tR; QO |v=t}U |=yxvwtv VvQm � VvD Q=Owtv
QO RwQ 28 w 14 |Qw;pta |xR=@ wO QO C}rw�R OYQO 70 w 50 '30 '10 '0
|v} Ro}=H =@ |QwLtlD VvD |xv}W}@ 'u; j@=]t xm OwW|t xOy=Wt 7 pmW
V}=Ri= =@ w xOw@ C}rw�R uwO@ |=yxvwtv R= QDW}@ u=t}U |=H x@ C}rw�R �10
V}=Ri= "CU= xOW xDU=m =yxvwtv |QwLtlD Ctw=kt R= C}rw�R |v} Ro}=H OYQO
21 w 10 ?}DQD x@ RwQ 28 w 14 |Qw;pta u=tR QO |QwLtlD Ctw=kt QO Q}N=
�10 |v} Ro}=H =@ xOW C}@FD |xvwtv |oDN}Uo VvQm u}vJty "CU= xOw@ OYQO
sQv Q=DiQ V}=Ri= |xOvyOu=Wv xm CU= xOw@ C}rw�R uwO@ xvwtv R= QDW}@ 'C}rw�R
QDW}@ V}=Ri= =@ w CU= |v=t}U |=yxvwtv x@ C@Uv |D}rw�R |=yxvwtv Q}PBpmW w
l =N Q=DiQ u}= p}rO "CU= xDU=m =yxvwtv VvQm Q=Okt R= 'C}rw�R |v} Ro}=H OYQO

w j}=a =@ ?r=k uwQO =yxvwtv |Qw;pta |xwLv �? 'V}=tR; ?r=k �hr= "4 pmW
"?w]Qt VWwB

�4 =@ xOW |R=Uy@ |xvwtv �? 'xOWv C}@FD l =N R= |Q}wYD �hr= "5 pmW
"|oDN}Uo |x_Lr QO xQ=l =N QDUm =N �0=5w C}rw�R �10 'u=t}U

|xrY=i =@ O=R; \wkU =@ sQowr}m 2=5 VmJ R= xO=iDU= =@ OQ=Ov=DU= QwDmwQB ?r=k
K]U w sm =QDt x@ Q[ 25 =@ x}q Qy 'x}q 3 QO sm =QD "OvOW sm =QDt QDt|Dv=U 30
xDW=OQ@ ?r=k |x}=B TBU "CU= xOW h=Y Q=Wi p=ta= uwO@ ?r=k |wQ l =N
|xv}W}@ R= ?r=k QO l =N uRw xm |v=tR =D VwQ u}= "OvOW uRw ?r=k w l =N w OW

"CU= xOW Q=QmD 'Ovm Vy=m x@ ẁQW w Qw@a Q=Okt
|QwLtlD Ctw=kt V}=tR; "2"3"2

w GQ=N ?r=k R= [42] ASTM D2166 OQ=Ov=DU= j@] =yxvwtv '|Qw;pta R= TB
'V}=tR; s=Hv= CyH TBU w OvOW |Q=Oyov \}Lt |=tO QO Ca=U 24 COt x@
u}= QO "OvDiQo Q=Qk 1mm=min |Q=PoQ=@ CaQU =@ w |QwLtlD x=oDUO QO
x�=Q= RwQ 28 w 14 '7 |Qw;pta u=tR QO |QwLtlD Ctw=kt V}=tR; 'G}=Dv VN@
xOW C}@FD xvwtv �? w xOWv C}@FD l =N �hr= :R= |Q} wYD 5 pmW QO "CU= xOW
|oDN}Uo x_Lr QO xQ=l =N QDUm =N �0=5 w C}rw�R �10 'u=t}U �4 Q}O=kt =@

"OwW|t xOy=Wt |QwLtlD Ctw=kt V}=tR; CLD

G}=Dv "3
sm =QD V}=tR; G}=Dv "1"3

l =N x@ xQ=l =N QDUm =N OYQO 1=5 w 1 '0=5 Q}O=kt uOwRi= =@ 'sm =QDV}=tR;G}=Dv
QDUm =N �0=5 uOwRi= =@ hr=6 pmW j@=]t "OwW|t xOy=Wt 6 pmW QO |}xU=t
xDi=} Vy=m u; R= TB w V}=Ri= '�OMC� l =N |xv}y@ C@ w]Q Q=Okt 'xQ=l =N
|xv}W}@ 'xQ=l =N QDUm =N OYQO V}=Ri= =@ ?6 pmW x@ xHwD =@ |iQ] R= "CU=
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"RwQ 28 w 14 |Qw;pta QO u=t}U |=H x@ xQ=l =N QDUm =N |v} Ro}=H KQ] QO |QwLtlD V}=tR; G}=Dv "8 pmW

xQ=l =N QDUm =N w C}rw�R u=tRty |v} Ro}=H Q}F=D "3"2"3
1=5 w 1 '0=5 '0 Q}O=kt |v} Ro}=H =@ |v=t}U |=yxvwtv |QwLtlD V}=tR; G}=Dv
|=Hx@ C}rw�R OYQO 70 w 50 '30 '10 '0 u}vJty w xQ=l =N QDUm =N OYQO
j@=]t xm OwW|t xOy=Wt 9 pmW QO RwQ 28 |Qw;pta u=tR QO |iQYt u=t}U
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"CU= xOW QHvt =yxvwtv QO |oOv@UJ
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|QwLtlD Ctw=kt QO V}=Ri= u}= "CU= xOt; CUO@ �0=5 '|QwLtlD VvD
x@ RwQ 28 w 14 |Qw;pta u=tR QO xQ=l =N QDUm =N uwO@ |=yxvwtv x@ C@Uv
|=yxvwtv |oDN}Uo VvQm u}vJty "CU= xOw@ OYQO 33=87 w 41=29 ?}DQD
uwO@ |=yxvwtv R= QDW}@ 'u=t}U |=H x@ xQ=l =N QDUm =N |v} Ro}=H =@ xOW C}@FD
x@ xm CU= QDUm =N uwO@ |=yxvwtv Q}PBpmW Q=DiQ |xOvyOu=Wv xm CU= QDUm =N
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