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Mechanical Properties of Ultra High Strength Concrete Using Ternary Blended Cement
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Abstract

The results presented in this paper form part of an investigation into the optimization of a ternary blended cementitious
system based on ordinary Portland cement (OPC)/blast furnace slag(BFS)/fly ash(FA) for the development of ultra high
strength concrete. Concrete covering a wide range of BFS/FA blending proportions were investigated. Compressive
strength at the ages of 3, 7 and 28 days for concrete specimens containing 0%, 10%, 20% and 30%FA along with 0%,
30%, 40% and 50%BFS as partial cement replacement at a water—binder ratio of 0.18 were investigated. Tests on
porosity and pore size distribution were conducted using mercury intrusion porosimetry. The results show that the
combination of FA10 and BFS30 can improve both short— and long—term properties of concrete as results of reducing of
pores larger than 50nm.
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Table 1 Chemical composition of cementitious

Cement FA BFS
Chemical composotion (%)
SiOy 21.1 53.1 43.5
Al Os 3.2 18.3 8.19
Fez Os 5.4 6.2 3.14
Ca0 63.0 8.1 39.84
MgO 2.2 2.2 2.54
SOs 1.8 0.8 1.72
Loss by ignition 3.8 3.8 0.17
Physical characteristic
Density (g/cms) 3.15 2.20 2.91
Blaine fineness (cmy/g) 3,267 3,959 4,383

Table 2 Physical properties of aggregates

Size Specific g'ravity absorption FM.

(mm) (g/em®) (%) '
Fine aggregate <5 2.58 0.52 2.85
Coarse aggregate <20 2.61 0.58 6.55
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Table 3 Mix proportions of Ternaly blended mortar

Mix description W/B W PC FA BFS Fine aggregate AE (b) SP (%)
Plain 888.9 - - 604.5 24 0.012
FA10 BFS30 533.3 88.9 266.7 576.6 28.8 0.011
FA10 BFS40 0.18 160 444.4 88.9 355.6 571.9 28.8 0.011
FA10 BFS50 355.6 88.9 444.4 567.2 28.8 0.011
FA20 BFS40 355.6 177.8 355.6 558.3 35.56 0.010
Table 4 Mix proportions of Ternaly blended concrete
Mix description W/B Water PC FA BFS Fine aggregate | Coarse aggregate | AE (g) SP (%)
PLAIN 888.9 - - 604.5 906.8 240.0 0.0117
FA10 BFS30 533.3 88.9 266.7 576.6 865 288.0 0.0126
FA10 BFS40 444 4 88.9 355.6 571.9 857.9 288.0 0.0126
FA10 BFS50 355.6 88.9 444.4 567.2 850.8 288.0 0.0126
FA20 BFS30 444.4 177.8 266.7 563 844.5 355.6 0.0134
FA20 BFS40 018 160 355.6 177.8 355.6 558.3 837.4 355.6 0.0121
FA20 BFS50 266.7 177.8 444.4 553.6 830.3 355.6 0.0117
FA30 BFS30 355.6 266.7 266.7 549.4 824 416.0 0.0126
FA30 BFS40 266.7 266.7 355.6 544.6 817 416.0 0.0126
FA30 BFS50 177.8 266.7 444.4 540 809.9 416.0 0.0126
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Fig. 1 Diamond cutter and D—dry device
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Table 5 Compressive strength data of mortar

Table 6 Slump and Air contents of Ternaly blended concrete

) o Compressive strength (MPA)
Mix description W/C
3—d 7—d 28—d
Plain 38.35 45.31 50.16
FA10 BFS30 51.50 61.57 82.98
FA10 BFS40 0.18 48.32 71.09 79.77
FA10 BFS50 38.91 74.26 83.58
FA20 BFS40 38.18 69.61 79.94
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Fig. 2 Effect of mixing proportions on the compressive strength
development
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Mix description | AE(g) SP(%) Sluzsﬁg"w air fﬁ/’gem
Plain 240 0.0117 6715 5.3
FA10 BFS30 288 0.0126 673.0 48
FA10 BFS40 288 0.0126 687.0 43
FA10 BFS50 288 0.0126 691.5 41
FA20 BFS30 355.6 0.0134 701.0 43
FA20 BFS40 355. 0.0121 698.5 33
FA20 BFS50 355.6 0.0117 697.0 43
FA30 BFS30 416 0.0126 706.0 49
FA30 BES40 416 0.0126 708.4 41
FA30 BFS50 416 0.0126 711.0 46
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Table 7 Compressive strength data of concrete

) o Compressive strength (MPA)
Mix description | W/C (%)
3—d 7—d 28—d
Plain 63.35 71.19 81.47
FA10 BFS30 78.81 87.47 112.52
FA10 BFS40 56.32 67.49 81.82
FA10 BFS50 47.42 64.73 84.30
FA20 BFS30 56.45 69.72 91.14
FA20 BFS40 0.18 52.67 72.60 88.59
FA20 BFS50 41.60 59.27 79.57
FA30 BFS30 38.10 55.85 74.27
FA30 BFS40 30.56 47.47 64.71
FA30 BFS50 22.80 43.26 61.82
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Fig. 3 Effect of mixing proportions on the compressive strength
development
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