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Physical Properties of Permeable Concrete Using Slag as an Aggregate

Jae-Jin Choi* and Won-Tae Park*
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Abstract This paper discusses the physical properties of permeable high quality concrete using blast furnace slag or
steel slag as a part of aggregate. In the case of steel slag, aging treatment was adopted to prevent the volume
expansion. With high range water reducing agent, the concrete using slag aggregate showed compressive strength up to
24MPa at the age of 28 days and the water permeability of the concrete was over the level of 0.1 m/s in this
experiment. Also, there was no expansion problem in the concrete substituted with aged slag as a part of aggregate.
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Table 1. Grading of coarse aggregate

Kind of aggregate Retaining (%)
10mm| 5mm [25mm| Pan | Total
Crushed stone 1 90 8 1 100
Blast furnace slag 1 92 5 2 100
Steel slag 1 58 37 4 100
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Table 2. Mixing proportions of concrete using blast furnace slag aggregate

A . 3
Mix No. W/CP | Void ratio |Slag substitution Unit weight (kg/m’) Tep—
(%) (%) (%) Water | Cement | WRA | HWRA Blast famace slag |Crushed stone
A-1 36.7 20.0 0 110 300 09 - 0 1562
A2 " " 50 " " " - 731 781
A3 " " 100 " " " - 1462 0
A4 30.0 17.0 0 120 400 12 - 0 1529
A-5 “ " 50 " " " - 715 765
A-6 " " 100 " " " - 1430 -0
A-7 30.0 222 0 90 300 - 3.0 0 1562
A-8 " " 50 " " - " 731 781
A9 " " 100 " " - " 1462 0
A-10 250 19.3 0 100 400 - 40 0 1529
A-11 " " 50 " " - " 715 765
A-12 " " 100 " " - " 1430 0
1) W/C : water/cement ratio
Table 3. Mixing proportions of concrete using steel slag aggregate
. . 3
MicNo, | WIC | Voidratio |Stag substittion Unit weight (kg/m’) =
(%) %) %) Water | Cement | HWRA Oarse ageroene
Steel slag Crushed stone
B-1 30.0 222 0 90 300 3.0 0 1562
B-2 " " 25 " " " 496 1171
B-3 " " 50 " " " 991 781
B4 250 193 0 100 400 40 0 1529
B-5 " " 25 " " " 485 1147
B-6 " " 50 " " " 970 765
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Table 4. Test specimen
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Fig. 1. Water permeability tester

Test item Specimen size Number of compacted layers | Number of compaction/layer
Compressive strength ®D10x20 cm 2 20
Tensile strength ®D15x30cm 3 30
Flexural strength 15x15x53 cm 2 100
Coefficient of permeability ®15x10cm 1 30
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Table 5. Physical properties of concrete using blast furnace slag aggregate

Coefficient of . Coefficient of
Mix No. Comp. str. Permeabili Mix No. Comp. str. Tensile str. Flexural str, Permeabili
(MPa) it (MPa) (MPa) (MPa) oy
A-1 135 0.31 A7 16.5 2.7 42 042
A2 13.2 0.35 A-8 159 25 4.1 032
A3 12.3 0.27 A9 14.1 22 39 025
A4 210 0.14 A-10 242 31 53 0.15
A-5 20.6 0.19 A-11 23.6 30 5.1 0.12
A-6 18.7 0.07 A-12 21.5 2.8 4.9 0.05
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Table 6. Free-CaO content in the aged steel slag (%)
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Table 7. Physical properties of concrete using steel slag aggregate
Mix No. Comp. str. Tensile str. Flexural str. Coefficient of
(MPa) (MPa) (MPa) Permeability (cm/s)

B-1 16.5 2.7 42 043

B-2 158 2.6 40 042

B-3 159 2.8 4.2 0.35

B4 242 3.1 53 0.15

B-5 25.1 3.1 54 0.11

B-6 236 3.0 5.1 0.16
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