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Abstract

In this investigation, the effects of cement and fly ash contents in concrete against sulfuric

acid attack were studied. Fly ash from Mae Moh thermal power plant was used as cement replacements

of 0, 20, 30, 40 and 50% by weight. The cementitious material contents (cement plus fly ash) in

concrete were varied as 300, 400, 500 and 600 kg/m3. Twenty mix proportions were prepared

to cast 160 specimens of 10x20 concrete cylinder. The concrete specimens were removed from the

mold after 24 hours and then cured in water for 28 days, after that they were divided into 2 groups.

The first group was tested for 28 days compressive strength and the second group was immersed in

3% by weight of sulfuric acid solution. Weight losses of concrete specimens were measured after

immersing in the acid solution at the age of 3, 7, 14, 2 1 and 2 8 days.

The results showed that concrete having the same cementitious material contents and without

fly ash gave the highest compressive strength at 28 days for every mix proportion, and the

compressive strength was higher as increasing the cement content. The increase of cement content in

concrete resulted in the less required of water-cement ratio for concrete with the same slump,

however it did not reduce the weight loss due to the sulfuric acid attack. In contrast, it even

increased the attack by the sulfuric acid. The concrete with cement replaced by fly ash reduced the

degree of sulfuric acid attack as compared to the one without fly ash which having the same

cementitious material content. Concrete with cementitious material content of 300 kg/m3 and with

50% of fly ash replacing cement was the best to stand against the sulfuric acid attack, however its

compressive strength was also low. In summary, the selection of concrete mix proportion against the

sulfuric acid attack must be considered on cement content, cementitious material content, and the

percentage of cement replacement by fly ash in order to achieve a good resistance to sulfuric acid

attack as well as a reasonable compressive strength.
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Mix Fly Ash in Mix Proportion (kg/ma)
W/(C+F) Slump

Design Replacement Cement Fly Ash Coarse Fine
Water Ratio (cm>

N o . (%I (0 (F) Aggregate Aggregate

1 300 876 885 215 0.72 6.0

2 400 880 804 216 0.54 7.0

3 500 880 720 230 0.46 8.0

4 600 882 636 228 0.38 7.5

5 20 240 60 876 885 213 0.71 7.0

6 20 320 80 880 804 220 0.55 9.0I

7 20 400 100 880 720 205 0.41 6.0

8 20 480 120 882 636 222 0.37 6.0

9 30 210 90 876 885 225 0.75 6.0

10 30 280 120 880 804 200 0.50 7.0

11 30 350 150 880 720 200 0.40 6.5

12 30 420 180 882 636 209 0.35 7.5

13 40 180 120 876 885 201 0.66 8.0

14 40 240 160 880 804 203 0.51 5.0

15 40 300 200 880 720 185 0.37 5.5

16 40 360 240 882 636 210 0.35 6.0

17 50 150 150 876 885 210 0.70 5.0

18 50 200 200 880 804 176 0.44 5.5

19 50 250 180250 879 719 0.36 8.0

20 50 300 300 882 636 206 0.34 10.0
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Mix Fly Ash Cementitious Comp. Normalized Weight Loss

Design i n Material W/(C+F) Strength Comp. (%)

N o . Replac. (k/m3)
Ratio at 28-day Strength

(%) (kg/cm') (%) 3-d 7-d 14-d 21-d 28-d

1 - 300 0.72 291 100.0 1.13 1.29 3.73 5.65 6.60

5 20 300 0.71 266 91.4 0.34 0.45 1.53 2.10 3.20

9 30 300 0.75 277 95.2 0.38 0.52 1.16 2.00 3.19

13 40 300 0.66 175 60.1 0.77 0.81 0.81 0.99 1.21

17 50 300 0.70 151 51.9 0.03 0.06 0.06 0.07 0.08

2 - 400 0.54 427 100.0 2.33 3.34 7.26 9.98 11.59

6 20 400 0.55 392 91.8 1.11 2.26 5.75 7.93 9.28

1.0 30 400 0.50 395 92.5 1.24 2.33 5.46 8.33 9.01

14 40 400 0.51 350 82.0 0.90 1.17 1.47 3.75 5.68

18 50 400 0.44 360 84.3 0.40 0.96 2.16 5.04 6.42

3 - 500 0.46 507 100.0 2.52 3.51 7.28 9.55 11.27

7 20 500 0.41 499 98.4 2.31 3.97 8.07 10.41 11.87

1 1 30 500 0.40 481 96.1 2.29 3.88 7.48 10.17 11.75

15 40 500 0.37 453 89.3 1.53 3.39 6.74 9.43 11.53

19 50 500 0.36 408 80.5 0.14 1.68 4.44 7.31 8.84

4 - 600 0.38 539 100.0 2.11 4.85 8.13 11.83 13.34

8 20 600 0.37 527 97.8 2.25 4.14 8.49 11.10 12.63

12 30 600 0.35 527 97.8 2.60 4.42 8.41 11.04 12.49

16 40. 600 0.35 505 93.7 1.75 4.19 7.28 9.49 11.19

20 50 600 0.34 471 87.4 0.28 1.79 4.26 7.23 9.14

P
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