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An Experimental Study on the Freezing—-Thawing and Chloride Resistance
of Concrete Using High Volumes of GGBS
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Abstract

The effect of ground granulated blast-furnace slag(GGBS) and alkali activator compressive strength, resistance of
chloride attack and freezing—thawing is assessed to develop high volume slag concrete, the replacement rate of GGBS

of which is more than 80 percent.

development properties of concrete in early and long term age

result, as the replacement rate of GGBS increases, the compressive strength

decreased and resistance chloride attack and

freezing—thawing is increased. The early strength development property, however, is extremely advanced by addition of
the alkali activator, which is also found to improve resistance chloride attack and freezing-thawing.
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Table 1. Factors and levels of the experiment

Factors Levels
W/B(%) 45
GGBS replacement (Cx%) 40, 60, 80
Alkali activator (Cx%) 0, 1.0

compressive strength
(1, 3, 7, 28, 56, 91days)
chloride penetration
(7, 28, 56days)
freezing-thawing resistance
(300cycles)

Measurement items
(Curing age / cycles)

Table 2. Mix proportions of concrete

GGBS Unit Weight(kg/m”)

SP AA
replace- W/B S/a i
Types ment (%) (%) ﬂ s
(Cx%) C BS (Cx%)
BS 40 40 226 151 815 922 -
BS 60 60 -
151 226 815 920
BS 60 A 60 45 47 168 07 10
BS 80 80 -
75 302 813 917
BS 80 A 80 1.0




22 ABM =

& Aol ARERE AES] A /g2 Table 3of] LERH HE
9} o] AMEL 13 BEsIEHe AIE(HES 3,15 g/on?), 1L
TS 38 URSH T npR(EE 4 3 lent/g), Uk
A}=AR= Modified—Alkali—Calcium—Sulfate Al ARE-312.
], o}59] 35H4 AL Table 49 Table 59 Al #&
ke HehAle= 26mmel Fie AL AMSIglon, dha
XHL MHAE ARESHSITE i} TR VRl &
ABZPALE ARESHSITE

Table 3. Physical properties of Concrete

ltems Specific Blaine Absortion
Types gravity(glem?”) (cm’/g) (%)
Cement 3.15 3,419 -
GGBS 2.90 4,226 -
Alkali activator™ 275 - -
Coarse aggregate 2.62 - 1.03
Fine aggregate 259 - 0.67

3 Apparent specific gravity = 1.25 (g/em?®)

Table 4. Chemical analysis of OPC and GGBS(%)

Si0, AO; FeOs CaO MgO SO3 lgloss
OPC 2196 527 344 6341 2.13 1.96 0.79
GGBS 3274 1323 041 4414 562 1.84 0.44
Table 5. Chemical analysis of Alkali Activator(%)

Ca0 AlO3 Na.O K20 SOs

Alkali ~ _ - 5 or -
Activator 12~25 3~11 22~35 less 38~56
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Figure 1. One arrangement of the migration set-up

Figure 2. NT BUILD 492 apparatus
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Figure 3. Illustration of measurement for chloride
penetration depths
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Figure 6. Relation between chloride migration coefficient and ages
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