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ABSTRACT

Reinforced concrete is one of the most widely used building materials in the
construction industry. The sulfate attack on concrete structures is one of the factors
effectively causing the reduced durability of concrete and structural damage. In the
design and construction of concrete structures, service life, sustainable development,
and environmental issues are important indicators considered by researchers in
optimizing materials to achieve sustainable concrete with high strength by
substituting various types of pozzolans for cement. The present study aims to compare
the effects of fly ash and micro-silica on the development of the compressive strength,
and electrical resistance of concretes exposed to sulfate-rich waters by performing
experiments. The plans of this study include two types of conventional concretes and
concretes containing pozzolanic material. Concrete mixing plans in sulfate medium
were divided into 11 groups. The first group, with no additive material, included one
plan (control plan), and the other 10 groupsincluded 8 plans with the substitution of
different percentages of micro-silica and fly ash powders for cement in concrete.
Accordingly, 81 plans, each with 4 samples (7, 14, 28, and 42-day ages), were
constructed to test compressive strength (N=324 plans). The results indicate that in
the sulfate medium, with an optimal mixing design, the concrete containing standard
sand reinforced with fly ash and microsilica pozzolans had higher compressive
strength compared to the concrete with no pozzolan so that Samples # 5 and 6 of
Group 2, with a 7.2% reduction in compressive strength, and Samples #30 and 31,
with a 28% reduction in compressive strength, had the highest and lowest
compressive strength, respectively. Also, the substitution of 15% microsilica caused a
1.58-fold increase in the electrical resistance in the 90 day-old concrete sample
compared to the 28 day-old sample.
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2349.6 1130 284 426 2.1 157.5 8.5637 25 0.000 0 341.463 2 2
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2349.6 1130 284 426 21 157.5 0.000 0 16.667 5 333.333 11
2349.6 1130 284 426 2.1 157.5 0.000 0 24.419 75 325.581 12
2349.6 1130 284 426 21 157.5 0.000 0 31.818 10 318.182 13
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2349.6 1130 284 426 2.1 1575 0.000 0 58.333 20 291.667 17
2349.6 1130 284 426 2.1 1575 8.333 2.5 8.333 25 333.333 18 4
2349.6 1130 284 426 2.1 1575 16.279 5 8.140 25 325.581 19
2349.6 1130 284 426 2.1 1575 23.864 75 7.955 25 318.182 20
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2349.6 1130 284 426 2.1 1575 38.043 125 7.609 25 304.348 22
2349.6 1130 284 426 2.1 1575 44.681 15 7.447 25 297.872 23
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2349.6 1130 284 426 2.1 1575 15.556 5 23.333 7.5 311111 35
2349.6 1130 284 426 2.1 1575 22.826 7.5 22.826 7.5 304.348 36
2349.6 1130 284 426 2.1 1575 29.787 10 22.340 7.5 297.872 37
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2349.6 1130 284 426 2.1 157.5 7.778 2.5 31111 10 311.111 42 7
2349.6 1130 284 426 2.1 1575 15.217 5 30.435 10 304.348 43
2349.6 1130 284 426 2.1 157.5 22.340 7.5 29.787 10 297.872 44
2349.6 1130 284 426 2.1 1575 29.167 10 29.167 10 291.667 45
2349.6 1130 284 426 2.1 1575 35.714 125 28.571 10 285.714 46
2349.6 1130 284 426 2.1 157.5 42.000 15 28.000 10 280.000 47
2349.6 1130 284 426 2.1 1575 48.039 175 27.451 10 274510 48
2349.6 1130 284 426 2.1 157.5 53.846 20 26.923 10 269.231 49
2349.6 1130 284 426 2.1 1575 7.609 2.5 38.043 125 304.348 50 8
2349.6 1130 284 426 2.1 157.5 14.894 5 37.234 125 297.872 51
2349.6 1130 284 426 2.1 1575 21.875 7.5 36.458 125 291.667 52
2349.6 1130 284 426 2.1 157.5 28.571 10 35.714 125 285.714 53
2349.6 1130 284 426 2.1 1575 35.000 125 35.000 125 280.000 54
2349.6 1130 284 426 2.1 157.5 41.176 15 34.314 125 274510 55
2349.6 1130 284 426 2.1 1575 47.115 175 33.654 125 269.231 56
2349.6 1130 284 426 2.1 157.5 52.830 20 33.019 125 264.151 57
2349.6 1130 284 426 2.1 1575 7.447 2.5 44.681 15 297.872 58 9
2349.6 1130 284 426 2.1 1575 14.583 5 43.750 15 291.667 59
2349.6 1130 284 426 2.1 157.5 21.429 7.5 42.857 15 285.714 60
2349.6 1130 284 426 2.1 1575 28.000 10 42.000 15 280.000 61
2349.6 1130 284 426 2.1 157.5 34.314 125 41.176 15 274510 62
2349.6 1130 284 426 2.1 1575 40.385 15 40.385 15 269.231 63
2349.6 1130 284 426 2.1 157.5 46.226 175 39.623 15 264.151 64
2349.6 1130 284 426 2.1 1575 51.852 20 38.889 15 259.259 65
2349.6 1130 284 426 2.1 157.5 7.292 2.5 51.042 175 291.667 66 10
2349.6 1130 284 426 2.1 1575 14.286 5 50.000 175 285.714 67
2349.6 1130 284 426 2.1 157.5 21.000 7.5 49.000 175 280.000 68
2349.6 1130 284 426 2.1 1575 27.451 10 48.039 175 274510 69
2349.6 1130 284 426 2.1 157.5 33.654 125 47.155 175 269.231 70
2349.6 1130 284 426 2.1 157.5 39.623 15 46.226 175 264.151 71
2349.6 1130 284 426 2.1 1575 45.370 175 45.370 175 259.259 72
2349.6 1130 284 426 2.1 157.5 50.909 20 44.545 175 254.545 73
2349.6 1130 284 426 2.1 1575 7.143 2.5 57.143 20 285.714 74 11
2349.6 1130 284 426 2.1 157.5 14.000 5 56.000 20 280.000 75
2349.6 1130 284 426 2.1 1575 20.558 75 54.902 20 274510 76
2349.6 1130 284 426 2.1 157.5 26.923 10 53.846 20 269.231 7
2349.6 1130 284 426 2.1 1575 33.019 125 52.830 20 264.151 78
2349.6 1130 284 426 2.1 157.5 38.889 15 51.852 20 259.259 79
2349.6 1130 284 426 2.1 1575 44.545 175 50.909 20 254.545 80
2349.6 1130 284 426 2.1 157.5 50.000 20 50.000 20 250.000 81
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