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|Ov@xv=O "OvDUy 200 |xQ=tW lr= R= |Qw@a �0 10 w 1 95 ?; ?PH OYQO
xOw@ [21]u=Q}= 302 OQ=Ov=DU= C=t=Rr= =@ j@=]t xO=iDU= OQwt uW w xU=t |=yxvwtv

"CU=

uD@ |=y\wrNt "2"2
|v=t}U O=wt Q=}a w 0 38 |v=t}U O=wt x@ ?; C@Uv =@ |vD@ |=y\wrNt
'2 5 |v} Ro}=H |=yC@Uv QO |U}r}U |xOwO R= "Ov=xOW xDN=U 420 kg=m3

50 w 30 '15 |v} Ro}=H Q}O=kt QO xQ=@ QU R= w u=t}U |vRw OYQO 10 w 7 5 '5
QO xQ=@ QU R= "CU= xOW xO=iDU= |�RHwO |=yKQ]CN=U |=Q@ |v=t}U O=wt OYQO
|U}r}U |xOwO x=Qty x@ s-=wD CQwYx@ |v=t}U O=wt OYQO 50 w 30 '15 Q}O=kt
|�RHxU |=yKQ] CN=U |=Q@ |v=t}U O=wt |vRw OYQO 7 5 w 5 '2 5 Q}O=kt QO
xOW x�=Q= 3 pwOH QO xar=]t OQwt |=y\wrNt C=YNWt "CU= xOW xO=iDU=

"CU=
R= '0 38 Q=Okt QO |v=t}U O=wt x@ ?; C@Uv uDW=Ox=ov C@=F Qw_vt x@
150�100 mm Q_vOQwt |}=Q=m x@ |@=}DUO CyH R=Uu=wQ jwi hrDNt Q}O=kt
=y?r=k R= Ca=U 24 R= TB =yxvwtv "CU= xOW xO=iDU= AtqU= V}=tR; T=U=Q@
"OvDiQo Q=Qk V}=tR; u=tR =D 23� 20C |=tO QO ?w]Qt |Qw;pta CLD w GQ=N
u; R= xO=iDU= OYQO w xDiQQ=mx@ |v=t}U ptmt |xO=t T=U=Q@ =y\wrNt |Q=PoOm
?}DQDx@ SL50-SF2 5 w SL30 'SF5 |=yOm =@ |=y\wrNt ,qFt "CU= xOw@
�30 |w=L |�RHwO '|U}r}U |xOwO �5 |w=L |�RHwO |=y\wrNt x@ \w@ Qt

"OvDUy |U}r}U |xOwO �2 5 w xQ=@ QU �50 |w=L |�RHxU w xQ=@ QU

xOWs=Hv= |=yV}=tR; "3"2
'10 cm |@amt |=yxvwtv |wQ Q@ |m} QDmr= Ctw=kt w |Q=Wi Ctw=kt V}=tR;
RCMT V}=tR; w [22]'ASTM C1202 OQ=Ov=DU= T=U=Q@ RCPT V}=tR;
Q]k =@ |}xv=wDU= |=yxvwtv |wQ Q@ [23]'AASHTO TP64 OQ=Ov=DU= T=U=Q@
RCMT V}=tR; xmv}= x@ xHwD =@ "CU= xOW s=Hv= 5 cm Ct=N[ w 10 cm

V}=tR; u}= XwYNQO |y=Dwm K}[wD 'xt=O= QO &CU= xOWv s=Hv= QwWm QO ,q@k
"CU= xOW x�=Q= RCPT pw=ODt V}=tR; =@ u; |xU}=kt w

|y=oW}=tR; |=y|UQQ@ QO uD@ QO Qrm uw} Pwiv |xO}OB uOw@|vqw] p}rOx@
|=yVwQ R= |m} "CU= pw=ODt Qrm uw} Pwiv |xOW`} QUD |=yVwQ R= xO=iDU=
RCPT V}=tR; Qrm uw} Pwiv Q@=Q@ QO uD@ Ctw=kt |@=} RQ= QO xOW`} QUD pw=ODt
u=ta |=} QO w TQ=i G}rN \}Lt QO uD@ |}=}=B |rt |xt=vu}}; QO xm CU=
l} RCPT V}=tR; QO "CU=xOW `=HQ= V}=tR; u}= x@ R}v [24]�|O=yvW}B�
TBU "OwW|t xO=O Q=Qk s}OUO}UmwQO}y pwrLt =@ T=tD QO |vD@ |xvwtv xHw

"|U}r}U |xOwO w xQ=@ QU 'u=t}U |m} R}i C=YNWt "2 pwOH
|U}r}U |xOwO xQ=@ QU u=t}U

192000 3050 2962 �cm2/gr� xS} w K]U
2 21 2 89 3 14 �gr/cm3� |r=oJ
0 1 1 2 - ��� uOWMQU R= |W=v Ci=
0 3 10 - ��� 325 |xQtv lr= |wQ xOv=t
145 - - ��� xRwQ 7 xOW`} QUD |vqwRwB C}r=ai

- 58 - ��� xRwQ 7 |vqwRwB C}r=ai XN=W
- 75 - ��� xRwQ 28 |vqwRwB C}r=ai XN=W
- 96 - ��� |@; R=}v

"xOWQOwB |xQ=@ QU w xrwv=Qo |xQ=@ QU Q}wYD "1 pmW

"Q@=Q@ 40 |}=tvnQR@ =@ xQ=@ QU lR=v `]kt R= |Qwv AwmUwQm}t Tma "2 pmW

w Gelenium P51 |Q=HD s=v =@ QD= l}r}Umw@ Qm|rB |x}=B Q@ R=Uu=wQ jwi R=
|iQYt |=yxv=OovU "CU= xOW xO=iDU= =y\qDN= KQ]CN=U QO u=QyD ?QW ?;
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Abstract
In this paper, the potential of using a combination of
the blast furnace slag of an Isfahan steel work, and silica
fume to achieve concrete with high durability and appro-
priate rate of strength gain has been investigated. The
performance of the ternary concrete is compared with
control and binary mixes. The binary concrete stud-
ied includes mixes containing slag at cement replace-
ment levels of 15, 30 and 50 percent, and mixes con-
taining silica fume at cement replacement levels of 2.5,
5, 7.5 and 10 percent. The ternary concrete includes a
combination of silica fume and slag at various cement
replacement levels. The w/b ratio and total cementi-
tious material content was kept constant for all mixes at
0.38 and 420 Kg=m3, respectively. Concrete mixes were
evaluated for compressive strength, electrical resistance,
rapid chloride permeability (ASTM C1202 RCPT test)
and rapid chloride migration (AASHTO TP64 RCMT
test), at various ages up to 180 days.
Combined use of silica fume and slag resulted in re-
duced water demand, compared to mixes containing sil-
ica fume. Using ternary mixes, it was also possible to
reduce water demand compared to the control concrete.

Use of slag at a 15% replacement level of cement did not
cause a considerable reduction in strength properties.
For slag at 30% and 50% replacement levels of cement,
strength properties were considerably lower than con-
trol at all ages.The results show that simultaneous use
of silica fume has only a moderate e�ect in improving
the slow rate of strength gain of binary mixes contain-
ing slag. Therefore ternary mixes with high slag content
have considerably lower strength than control at all ages.
The durability of ternary mixes, even at the age of 28
days, was better than the control mix, and the problem
of the lower durability of binary mixes containing slag

148

at 28 days can, thus, be overcome through the use of
ternary mixes. At later ages, ternary mixes have ex-
cellent durability and can even outperform binary mixes
containing equal amounts of silica fume. Using an appro-
priate combination of slag and silica fume, it is possible
to obtain ternary mixes with 28 day strength compara-
ble to the control mix, and with considerably improved
durability, particularly in the long term.

Key Words: ternary concrete, slag, silica fume, durabil-
ity, RCPT, RCMT.


