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Effect of Long-term Loading on Carbonation Resistance of Fly Ash Concrete
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Abstract: In order to analyze the effect of long-term loading on the carbonation resistance of fly ash concrete, the carbonation
regularity of concrete specimens with the size of 40 mmx40 mmx160 mm at a concentration (volume fraction) of CO, (20£3)%, a
relative humidity of (70+5)% and a temperature of (20+2) ‘C was investigated. After 28-d curing, the concrete specimens were loaded
for 3 years (i.e., at compressive stress level of 33%), placed for 3 years without loading and uninstalled after loading for 3 years at the
relative humidity of (60£5)% and the temperature of (20+2) ‘C, respectively. The water-binder ratio is 0.37, 0.45 and 0.53, and the
content of fly ash substituting for the equal quality of cement by mass is 0, 30% and 60%, respectively. The mechanism of long-term
loading effect on the carbonation resistance of fly ash concrete was analyzed by the sound velocity measurement. The result shows
that the long-term loading can reduce the rate of concrete carbonation. The ultrasonic sound speed of specimens after loaded for 3
years is increased by an average of 0.8%, compared to the specimens unloaded, indicating that the internal structure is denser. The
average increment value of carbonation depth of fly ash concrete in each group is decreased by 19.2%, compared to the specimens
unloaded. The ultrasonic sound speed of specimens uninstalled after loading for 3 years is decreased by an average of 1.1%, compared
to the specimens unloaded. The micro-damage in internal of concrete accelerates its carbonation rate. The average increment value of
carbonation depth of fly ash concrete in each group is increased by 14.5%, compared to the specimens unloaded. The ultrasonic
testing results can indicate the influence of long-term loading on the carbonation resistance of fly ash concrete.
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Table 1 Chemical composition, loss on ignition and specific surface area of cement and fly ash

Mass fraction w/%

Specific surface

Material 0 sio, ALO: Fe0s MgO NaO 0 MnO T, P,0s SO, Lor area/(m*-kg™")
Cement 63.70 20.30 4.83 3.25 3.28 0.03 1.28 0.12 0.33 0.12 2.67 3.26 350
Fly ash 7.50 49.10 32.50 4.78 0.80 0.51 1.88 0.08 1.49 0.23 0.58 1.60 390
"Loss on ignition.
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Table 2 Mix proportions and axial compressive strength of concrete

Mix proportion/(kg-m™)

Sample No. Water-binder ratio wra/% fJ/MPa
Fly ash Cement Water River sand Coarse aggregate

Al 0.37 0 0 460 170 684 1114 56.3
Bl 0.37 30 138 322 170 684 1114 54.4
C1 0.37 60 276 184 170 684 1114 37.5
A2 0.45 0 0 390 175 695 1135 51.9
B2 0.45 30 117 273 175 695 1135 50.0
C2 0.45 60 234 156 175 695 1135 35.6
A3 0.53 0 0 340 180 715 1165 50.0
B3 0.53 30 102 238 180 715 1165 42.5
C3 0.53 60 204 136 180 715 1165 22.5

* In the absence of special expository writing all percentage for quality percentage in the article; wg, is mass fraction of flyash.
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Table 3 K values with different content of fly ash and
water-binder ratio

Mass fraction K value

of FA/% 0.37 0.45 0.53
0 —0.40 0.09 0.48
30 0.18 0.28 0.14
60 0.23 0.20 0.12

Water-binder ratio are 0.37, 0.45, 0.53, respectively
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Table 4 Sound velocity and difference of sound velocity of concrete under three kinds of conditions

Sample Sound velocity / (km's™) Difference of sound velocity/ (km-s™)
No. Before unloading ~ After unloading  Not loaded Between before unloading and not loaded Between after unloading and not loaded
Al 4.497 4.472 4.561 -0.064 0.089
A2 4.111 4.041 4.097 0.014 0.056
A3 4.102 3.911 3.973 0.129 0.062
Bl 4.254 4214 4.231 0.023 0.017
B2 4.058 3.931 4.000 0.058 0.069
B3 4.005 3.925 3.985 0.020 0.060
C1 4.073 4.010 4.021 0.052 0.011
C2 4.020 3.930 3.990 0.030 0.060
C3 3.968 3.898 3.951 0.017 0.053
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