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Application Properties of Slag Concrete in Winter Season

Jo-Hyeong Yoo', Woo-Jae Kim>*

Abstract: Concrete made with ground granulated blast-furnace slag(GGBS) has many advantage, including improved durability, workability and
economic benefits. GGBS concrete is that its strength development is considerably slower under standard 20°C curing conditions than that of portland
cement concrete, although the ultimate strength is higher for same water-binder ratio. GGBS is not therefore used in application where high early
age strength is required. In this study, to overcome the limitation of the initial strength decrease due to the use of slag, the slag substitution rate was
changed to 30% under the low temperature curing temperature condition and the slag used concrete composition with the same or higher strength
performance as OPC(Ordinary Portland Cement).
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Table 1 Factors of experiment

Experiment Compressive Contents
No. Strength(MPa)
1 GGBS replacement
0, 10, 20, 30(%)
24 GGBS replacement
) 0, 20, 30(%)
Alkali Activator type 1,2, 3
Curing Temperature 20, 5(°C)
GGBS replacement
0, 10, 20, 30(%)
3 Alkali Activator 1.0(%)
Curing Temperature
20, 10, 5(°C)
""""""""""""""""""""""""""""" 24 35 GGBS replacement 30(%)
4 ’ Alkali Activator 1.0, 1.2%
Curing Temperature 20, 5(°C)
GGBS replacement 30(%)
5 Alkali Activator 1.0(%)
(Final) Curing Temperature
20, 5(°C)
Table 2 Physical properties of Materials
Items Specific Blaine Absorption
Type gravity(g/em’)  (cm’/g) (%)
Cement(OPC) 3.15 3,419 -
GGBS 2.90 4,341 -
Alkali activator 2.75 - -
Coarse aggregate 2.62 - 1.03
Fine aggregate 2.59 - 0067
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Table 3 Chemical analysis of OPC and GGBS(%)

SiO, ALO; FeO; CaO MgO  SO;  Ig.loss

OPC 2196 227 344 6341 213 196 0.79
GGBS 3274 1323 041 4414 562 184 044

Table 4 Chemical analysis of Alkali Activator(%o)

CaO A1203 NazO Kzo SO3

Alkali

. 12~25 3~11 22~35
Activator

Sorless 38~56

Table 5 Factors and levels of the experiment(I)

Factors Levels
Compressive Strength(MPa) 24 MPa
GGBS replacement(Bx%) 0, 10, 20, 30
Measurement Items 1,2, 3,7 days
(Curing age - Temperature) Temperature 20°C
GGBS Manufacture Co. S Company
P Company
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Table 6 Mix proportions of concrete

Table 7 Factors and levels of the experiment(Il)

T W/B S/a Unit Weight(kg/m®) (Bx%) Factors Levels
e
P ) %) w TB OPC SP S G SP AA Compressive Strength(MPa) 24 MPa
Plain 340 - 870 940 - GGBS replacement(Bx%) 0, 20, 30
SP10 306 34 869 939 Alkali Activator(Bx%) 1.0
"""""""""""" 494 48.0 168 340 0.7
SP20 272 68 868 938 1.0 Measurement Items 1,3,7,28 days
SP30 238 102 867 937 (Curing age - Temperature, Alkali Temperature 5, 20°C

B1day M2day ®3day B7day

Compressive Strength(MPa)

Plain  SP10 (P) SP10 (S) SP20 (P) SP20 (5) SP30 (P) SP30 (5)

Fig. 1 Results of Compressive Strength(Experiment I)
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Fig. 2 Results of Compressive Strength(Experiment II)
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Table 8 Factors and levels of the experiment(IV)

Factors Levels
Compressive Strength(MPa) 24,35 MPa
GGBS replacement(Bx%) 10, 20, 30

Alkali Activator(Bx%) 1.0
Measurement Items 3,7 days

(Curing age - Temperature, Alkali
Activator type)

Temperature 5, 10, 20°C
Alkali Activator type 1

Table 9 Mix proportions of concrete(Experiment I11)

W/B S/a Unit Weight(kg/m®) (Bx%)
CS Type , N
(%) (%) W TB OPC S S G SP AA
Plain 49.4 168 340 340 - 870 940 -
24 SP10 488 480 166 340 306 34 872 941
MPa Sp20 47.9 T 163 340 272 68 874 945 1.0
SP30 47.0 160 340 238 102 877 948 o
Plain 37.2 164 440 440 - 821 916 -
35 SPI0 36.8 162 440 396 44 823 917
472
MPa Sp20 35.9 158 440 352 88 826 922 1.0
SP30 35.5 156 440 308 132 828 923
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Fig. 3 Results of Compressive Strength(Experiment I1T)
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Table 10 Factors and levels of the experiment(IV)

Factors Levels
Compressive Strength(MPa) 24,35 MPa
GGBS replacement(Bx%) 30
Alkali Activator(Bx%) 1.0, 1.2
Measurement Items 3,7 days

(Curing age - Temperature) Temperature 5, 20°C

Table 11 Mix proportions of concrete(Experiment I'V)

W/B S/a Unit Weight(kg/m®) (Bx%)
CS Type , N
(%) () W TB OPC SP S G SP AA
Plain 340 340 - 870 940 -
494 48.0 168
MPa gp30 340 238 102 867 937 ig
0.7 =
Plain 440 440 - 821 916 -
372 472 164
MPa gp30 440 308 132 817 913 }g
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Fig. 5 Results of Compressive Strength(Experiment I'V)

Table 12 Factors and levels of the experiment(V)

Factors Levels
Compressive Strength(MPa) 24,35 MPa
GGBS replacement(Bx%) 30
Alkali Activator(Bx%o) 1.0
Measurement Items 3,7, 14,28 days

Curing age - Temperature Temperature 5, 20°C
(Curing ag P P

Table 13 Mix proportions of concrete(Experiment V)

W/B S/a Unit Weight(kg/m*) (Bx%)
() (%) W TB OPC S/P S G SP AA

C.S Type

24 Plain 494 48.0 168 340 340 - 870 940 -

MPa SP30 47.0 48.0 160 340 238 102 877 948 0.7 1.0

35 Plain 37.2 47.2 164 440 440 - 821 916 -
MPa SpP30 35.5 47.2 156 440 308 132 828 923 1.0
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Fig. 6 Results of Compressive Strength(Experiment I'V)
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