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xO=iDU= 'OvwW|t ?wULt l}DUqB wtQD w |QtwDUq= |=yQt}rB ẁv R= ?}DQD x@ xm
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=yxvwtv uwtR; VwQ w |R=UxO=t; "3
w u=t}U pt=W 'lWN Kr=Yt xk}kO 3 COt x@ =OD@= '=y\wrNt CN=U |=Q@
|xO=t 'xv=o =OH CQwY x@ "Ov=xOW \wrNt Qo}Om} =@ um\wrNt QO =yxv=OovU
"Ov=xOW xi=[= lWN Kr=Yt x@ \qDN= u}L QO w \wrNt R}v ?; w |Qt}rB
x@ uO}UQ w Qo}O |xk}kO 3 COt x@ |iQYt Kr=Yt uOQm \wrNt R= TB
=@ sm =QD C=}rta w xOW |Q}o?r=k xOW xO=t; uoty \wrNt '?wr]t |v=wQ
xOW h=Y =yxvwtv K]U 'sm =QD R= TB "CU= xOW s=Hv= xQ@} w R}t R= xO=iDU=

"|iQYt u=t}U |}=}t}W R}r=v; "1 pwOH
�OYQO� |}=}t}W R}r=v;

SiO2 Al2O3 Fe2O3 CaO MgO TiO2
5 35 18 40 0/5 1/5

Q=}U@ |U}r}U |}=}rk Vvm =w R= |W=v |=ylQDR} Q 'Qt}rB =@ xOW KqY= |=yxvwtv
"CU= xOw@ Qt}rB Ok=i |=yxvwtv R= QDtm

|UQQ@ x@ |y=oW}=tR; |xar=]t l} QO R}v [30]'�2016� u=Q=mty w 10u=SwO
uwJty xm 'Ov=xDN=OQB q=@ Ctw=kt =@ |=yuD@ QO Q@=Q u}O=Dw@ uQ}=DU= Qt}rB wm Q}F-=D

"Ov=xO=O u=Wv =Q |Q=Wi Ctw=kt Vy=m Q=F; 'u}W}B C=ar=]t
s=wO w Ctw=kt '|Q}PB Q=m |UQQ@ x@ [31]'�2018� u=Q=mty w 11=D=}=ow@ Qwmv;
uQ}=DU= �|@; x}=B� Qt}rB w |m}DUqB h=}r= O=wt wO Qy |w=L |v=t}U x}=B |=y\wrNt
Ow@y@ |xOvyOu=Wv u=W}=yV}=tR; G}=Dv "Ov=xDN=OQB u=tRty CQwY x@ Q@=Q u}O=Dw@
w ?; Pwiv u=R}t Vy=m w |WtN Ctw=kt V}=Ri= '|oOQwNlQD Q@=Q@ QO Ctw=kt
x@ R}v [33 w 32]'u=QoWywSB |NQ@ "CU= xOW CNU \wrNt uwQO x@ |}=}t}W O=wt

"Ov=xDi=} CUO Q[=L VywSB =@ x@=Wt |H}=Dv
w 13nv=y w �2013� u=Q=mty w 12|Dv=t=}O uwJty |OOaDt u=QoWywSB
|Qt}rB |xOW KqY= |=y\wrNt QO =Q |Q}PBPwiv [35 w 34]'�2010� u=Q=mty
|Q}PBPwiv u=R}t Vy=m ?@U Ov=wD|t Qt}rB uOwRi= xm OvDi=} QO w OvOQm Q=Qk |UQQ@

"OwW =y\wrNt
'C=v}twr; s}Urm u=t}U x}=B |=y\wrNt Q=DN=U KqY= Qw_vt x@ Q[=LVywSB
"CU= xDN=OQB l}r} Qm = uQ}=DU= w Q@=Q u}O=Dw@ uQ}=DU= |Qt}rB O=wt Q}F-=D |xU}=kt x@
u; G}=Dv w CU= xOWv s=Hv= xv}tR u}= QO |y@=Wt |xar=]t xm CU= QmP u=}=W

"OwW xO=iDU= |D; C=ar=]t w |DavY |=yxv}tR QO Ov=wD|t

Kr=Yt w O=wt "2
u=t}U "1"2

C=v}twr; u=t}U R= |v=t}U x}=B |=y\wrNt CN=U Qw_vt x@ Q[=L |xar=]t QO
K]U xm 'CU= xOW xO=iDU= u=Q}= RwUv |=yu=t}U CmQW O}rwD IRC�40 s}Urm
?amtQDt|Dv=U Q@ sQo3/3C=QP|r=oJwsQo Q@ `@ Qt QDt|Dv=U3100 Q@=Q@ u;|xS} w
QO 'CU= xOW XNWt XRF VwQ =@ xm 'pwYLt u}= |}=}t}W R}r=v; "CU= xOw@

"CU= xOW x�=Q= 1 pwOH

xv=OovU "2"2
|v=t}U x}=B |=y\wrNt CN=U |=Q@ |U}r}U |=yxv=OovU R= Q[=L VywSB QO
q=@ sm =QD |r=oJ =@ |=y\wrNt CN=U Qw_vt x@ u}vJty "CU= xOW xO=iDU=
xOW xO=iDU= xv=OovU |Ov@xv=O |=Q@ 0/3 u=wD =@ Qov}O w lv=i |vLvt R= R=
2/36�0/6� CWQO |U}r}U |xU=t �48 pt=W '|iQYt |=yxU=t "CU=
w �QDt|r}t 0/15 R= QDlJwm O=a@= =@� R} Q |U}r}U |xU=t �32 '�QDt|r}t
XwYNt uRw "Ov=xOw@ �QDt|r}t 0/4�0/05� |QOwB |U}r}U |xU=t �20
2 pwOH j@=]t |iQYt |@}mQD |xU=t lWN K]U =@ `=@W= C@ w]Q w
1 pmW j@=]t R}v Q[=L VywSB QO xOW xO=iDU= |Ov@xv=O |vLvt "CU=

"CU=

63



"""w
Q@=Q

u}O
=Dw@

uQ}=
DU=

|=y
Q}tr

B|
LqY

=Q=F
;

"|iQYt |U}r}U |=yxv=OovU |m} R}i C=YNWt "2 pwOH
�SSD � lWN K]U =@ `=@W= C@w]Q OYQO �?amtQDt Q@ sQow}m � XwYNt sQH

0/6 2555

"xOW |UQQ@ |=yQt}rB |m} R}i C=YNWt "3 pwOH
PH |r=oJ Qy=_ Ot=H OYQO C=QP |xR=Ov= s=v
8�9 g=cm31=01 nvQ O}iU `}=t 50��1 �m150 Q@=Q u}O=Dw@ uQ}=DU=
5�6 g=cm31=04 nvQ O}iU `}=t 50��1 �m170 l}r} Qm ; uQ}=DU=

"?amtQDt Q@ sQowr}m ?UL Q@ |UQQ@ OQwt \qDN= KQ] "4 pwOH
Qt}rB R=Uv=wQ xU=t u=t}U O=R; ?; W=C ]qDN= KQ] Om

Kg=m3 �
0 3/85 1534 550 209 0/38 N-Plain

27/5 1/1 1471 550 209 0/38 SBR-5
82/5 1/375 1329/5 550 209 0/38 SBR-15
137/5 0/55 1191 550 209 0/38 SBR-25
27/5 2/75 1469 550 209 0/38 SA-5
82/5 7/32 1323/5 550 209 0/38 SA-15
137/5 7/7 1187 550 209 0/38 SA-25

\wrNt KQ] "4
xO=iDU= s}Urm C=v}twr; u=t}U ?amtQDt Q@ sQowr}m 550 R= =y\wrNt KQ] QO
'OvOw@ u=t}U uRw �25 w �15 '�5 =@ Q@=Q@ R}v |Qt}rB O=wt Ot=H Q}O=kt "CU= xOW

"Ov=xOW xDiQo Q_v QO xv=OovU R= |v} Ro}=H u=wva x@ xm
u}= QmP 'Q[=L VywSB QO |iQYt |=yQt}rB R= xO=iDU= |xOwOLt OQwt QO
=yQt}rB sr}i p}mWD CyH |OL =D Qt}rB �5 smCUO u=R}t xm CU= |QwQ[ xDmv
p=tDL= u}= ZQiV}B CQwY x@ u; V}=Ri= =@ xm 'CU= sRq \wrNt Q=DN=U QO
Qt}rB Q=Okt V}=Ri= =@ um}r 'OwW|t QD|wk |Qt}rB Q=DN=U p}mWD xm OwW|t KQ]t
Q}N-=D =} |Dtw=kt X=wN |NQ@ O}OW Vy=m uwJty O=wt u}= R= xO=iDU= <wU Q=F;
|xar=]t QO =Pr [28]"OwW|t KQ]t CN=U |q=@ |xv} Ry w VQ}o u=tR QO O=} R

"CU= xOW OwOLt u=t}U uRw �25 x@ Qt}rB OYQO 'Q[=L
'CU= xOw@ 0/38 Q@=Q@ u=t}U x@ ?; C@Uv 'xOW xar=]t |=y\wrNt KQ] QO
w R=Uv=wQ QO OwHwt ?; u=R}t '�0/38� QwmPt C@Uv uDW=O xov C@=F Qw_vt x@ xm
=y\wrNt KQ] |x}rm "CU= xOW ^=Lr |iQYt ?; R= |WN@ u=wva x@ |Qt}rB O=wt

"CU= xOW x�=Q= 4 pwOH QO

EL@ w G}=Dv "5
|Q=Wi Ctw=kt "1"5

=@ xOW KqY= |=y\wrNt w �N� Oy=W \wrNt |Q=Wi Ctw=kt '3 pmW QO
'7 '1 u}vU QO �SA� l}r} Qm = uQ}=DU= w �SBR� Q@=Q u}O=Dw@ uQ}=DU= |=yQt}rB

R= Ca=U 24 CWPo R= Oa@ "CU= xDiQo Q=Qk ?w]Qt VWwB l} CLD w
|Qwx]we� ?w]Qt \}=QW CLD RwQ 6 COt x@ w GQ=N ?r=k R= =yxvwtv '|Q}o?r=k
s=Hv= u=tR =D w GQ=N ?; R= =yxvwtv 'u; R= TB "Ov=xOW |Qw;pta �?; QO
|Q=Oyov lWN \}=QW =@ \}Lt QO O=Qo|Dv=U |xHQO 25 |=tO QO =yuwtR;

"Ov=xOW
3 '|vU Qy QO w C=YNWt R= s=Om Qy |=Q@ 'Q[=L |y=oW}=tR; |xar=]t QO
Ctw=kt uwtR; 'CU= xOt; CUO x@ =yv; |Q}ou}ov=}t R= G}=Dv w xOW V}=tR; xvwtv
O=a@= =@ |@amt |=yxvwtv |wQ Q@ [36]'ASTM C-109 OQ=Ov=DU= =@ j@=]t |Q=Wi
xOW s=Hv= x}v=F Q@ sQowr}m 530 |Q=PoQ=@ CaQU w QDt|r}t 50 � 50 � 50

"CU=
R= [37]'EN-196 OQ=Ov=DU= =@ j@=]t |WtN Ctw=kt uwtR; s=Hv= Qw_vt x@
VwQ j@=]t "CU= xOW xO=iDU= QDt|r}t 160 � 40 � 40 |QwWvt |=yxvwtv
|}x]kvlD RmQtDt |Q=PoQ=@CLD|rYit x=ox}mD =@|WtN Q}D x@=Wt |xvwtv 'QwmPt
=@ Q@=Q@ =yxvwtv |wQ |Q=PoQ=@ CaQU w xDiQo Q=Qk x=ox}mD wO u}@ xv=yO \Uw QO

"CU= xOw@ 1/25 (mm/min)

QO QwmPt VwQ =@ x@=Wt s}kDUt VWm V}=tR; R= |WWm Ctw=kt u}}aD |=Q@
"CU= xOW xO=iDU= ASTM -C307 OQ=Ov=DU=

|=yli pN=O Q_v OQwt u}vU QO |Dm =Q@ |=yxvwtv 's}kDUt VWm uwtR; QO
"OwW|t p=ta= wQ}v 0/5 (mm/min) |Q=PoQ=@ MQv =@ w OvQ}o|t Q=Qk |Oqwi

O}=Qrm uw} |xOW `} QUD CQH=yt ?} Q[ w xv}�wt Pwiv ?} Q[ uwtR;
Q@ [39]'NT Build 492 w ASTM C-[38]1585 |=yOQ=Ov=DU= =@ j@=]t
s=Hv= QDt|r}t 100 Q]k w QDt|r}t 50 Ct=N[ =@ |}xv=wDU= |=yxvwtv |wQ

"CU= xDiQ}PB

64



2/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

x@ C@Uv |Qt}rB |xOW KqY= |=y\wrNt |xOW ?Um Ctw=kt u=R}t "4 pmW
"Oy=W \wrNt

x@ u=wD|t Ctw=kt Vy=m pra Qo}O R= "CU= �OYQO 25 w 15� Qt}rB |q=@ OYQO
u=t}U |=yVvm =w R= |W=v uw}U=QO}y CqwYLt p}mWD |=Q@ |}=RxDUy Vy=m
xOW KqY= |=y\wrNt QO xm CU= QmP u=}=W u}vJty "OQm xQ=W= s}Urm C=v}twr;
CaQU x@ =yQt}rB 'OwHwt |@; |=[i QO Qt}rB C=QP ?}mQD R= TB '|Qt}rB O=wt =@
u=t}U uw}U=QO}y CyH sRq ?; R= |Q=Okt w xOW `} RwD \wrNt Q=DN=U u=}t QO
'C}=yv QO w CU= xOW |@; |=[i CHRr uDiQq=@ ?@U Qt= u}ty w xOQm ?PH =Q
?wULt u=t}U C=QP uw}U=QO}y QO syt pt=wa R= |m} xm '|]}Lt O=R; ?; Vy=m
C=QP =@ Vvm =w QO ?; R= |Q=Okt hQYt =@ u}vJty "CU= xOW ?@U =Q 'OwW|t
|@; |=[i xm |}=H =D 'Ov=xOW l}ORv Qo}Oty x@ ?; QO xOvm =QB Qt}rB C=QP 'u=t}U
|wQ Q@ w Ov=xDUw}B Qo}Om} x@ Qt}rB C=QP R= |Q=Okt w xO}UQ `=@W= jwi Cr=L x@
xO}WwB =@ =Pr 'Ov=xOQm ?wUQ u=t}U Q}tN =} w u=t}U |xO=OvVvm =w C=QP Kw]U
=O}B Vy=m u=t}U uw}U=QO}y |xHQO 'u=t}U C=QP p=ai Kw]U R= |WN@ uOW
uw}U=QO}y Vvm =w CaQU '|Qt}rB O=wt |w=L |=yxvwtv QO u}=Q@=v@ "CU= xOQm
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ẁv C}=yv QO w �C=QP uw}U=QO}y R= Cav=tt� |LqY= |=yQt}rB \UwD u=t}U

|=y\wrNt Q=DN=U QO uw}U=R} Qt}rB s=Hv= R= TB =yQt}rB �|tQv w |DNU� Cr=L
|Q=Wi Ct=kt u=R}t QO s}kDUt Q}F-=D Ovv=wD|t xm OvDUy |rra xrtH R= xOW CNU

"OvW=@ xDW=O xar=]t OQwt |LqY= |=yxvwtR;

|WtN Ctw=kt "2"5
QO |Qt}rB |xOW KqY= |=y\wrNt w Oy=W \wrNt |WtN Ctw=kt '5 pmW QO
u}ty w OvDUyh}a[ ?; Q@=Q@ QO =yQt}rB "OwW|t xOy=Wt xRwQ 90 w 28 '7 u}vU
|Qt}rB O=wt =@ xOW KqY= |v=t}U x}=B |=y\wrNt |Q=DN=U h}a[D ?@U Qt=
C}U=UL xm CU= |}=yQt}rB R= R}v l}r} Qm ; uQ}=DU= "CU= xOW xRwQ 7 uU QO
s=Hv= ?wr]t CQwY x@ uw}U=R} Qt}rB ?w]Qt \}Lt QO w OQ=O C@ w]Q x@ |}q=@
RH Qt}rB hrDNt |=yOYQO |w=L |=yxvwtv '5 pmW j@=]t u}=Q@=v@ 'OQ}PB|tv

u}O=Dw@ uQ}=DU= =@ xOW KqY= |=y \wrNt w Oy=W \wrNt |Q=WiCtw=kt "3 pmW
"l}r} Qm = Q}=DU= w Q@=Q

u=wD|t u}vU |t=tD QO xOt; CUO x@ G}=Dv j@=]t "OwW|t xOy=Wt xRwQ 90 w 28
u} QDW}@ p=mU=B=ot 91 w 86 '73 '66 =@ Q@=Q@ |Dtw=kt =@ Oy=W |xvwtv xm Ci=} QO
QO xm Qw] u=ty u}vJty "CU= xDW=O =y\wrNt Q}=U x@ C@Uv =Q Ctw=kt u=R}t
xOw@ p=mU=B=ot 66 Q@=Q@ Oy=W \wrNt |xRwQ l} Ctw=kt 'CU= OwyWt 3 pmW
xm |Qw] x@ 'OwW|t ?wULt |}q=@ Ctw=kt 'x}rw= u}vU |=Q@ u=R}t u}= xm 'CU=
=@ QwmPt u=t}U R}=tD |xOvyOu=Wv w xOQm OWQ �27 \ki RwQ 90 =D 1 uU R=

"CU= xOw@ u; Ctw=kt ?Um X=wN ^=Lr R= OvrDQB u=t}U
QO l}r} Qm = uQ}=DU= w Q@=Q u}O=Dw@ uQ}=DU= R= xO=iDU= =@ Oy=W \wrNt KqY=
\wrNt =@ xU}=kt QO =y\wrNt p}@k u}= |Q=WiCtw=ktVy=m?@U 'u}vU |t=tD
O}OWD =Q |Q=Wi Ctw=kt Q}N= Vy=m 'Qt}rB OYQO V}=Ri= xm 'CU= xOW Oy=W
QO xm Ci=} QO u=wD|t |Q=Wi Ctw=kt uwtR; R= pY=L G}=Dv =@ j@=]t "CU= xOQm
u}O=Dw@ uQ}=DU= |w=L |=y\wrNt 'u=Um} Qt}rB OYQO QO w RwQ 28 w 7 '1 u}vU
l}r} Qm = uQ}=DU= =@ xOW KqY= |=y\wrNt x@ C@Uv |QDW}@ |Q=Wi Ctw=kt 'Q@=Q
|=yxvwtv QO RwQ 90 uU =D uOW lWN OvwQ uOQm |] R= TB um}r "Ov=xDW=O
QO |QDW}@ Ctw=kt l}r} Qm = uQ}=DU= =@ |=yxvwtv 'Qt}rB OYQO 25 w 15 |w=L
=Q xr�Ut u}= Cra xm 'Ov=xOQm ?Um Q@=Q u}O=Dw@ uQ}=DU= |w=L |=yxvwtv =@ xU}=kt
\UwD pNrND |=y=[i |oOvvmQ)B u}vJty w =yxvwtv uU V}=Ri= =@ \@DQt u=wD|t
Q@ l}r} Qm = uQ}=DU= xm CU= QmP u=}=W "CUv=O l}r} Qm = uQ}=DU= |Qt}rB |=ysr}i
OwN xm 'OQ=O |yHwD p@=k Ctw=kt uOW lWN R= TB Q@=Q u}O=Dw@ uQ}=DU= hqN
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