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Ultrasonic velocity and acoustic emission properties of concrete eroded by sulfate and

its damage mechanism
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ABSTRACT Simulation experiment was performed on the performance of concrete exposed to sulfate attack and dry—wet cycles.
Changes in ultrasonic velocity and acoustic emission activities for concrete at different erosion periods were tested by uniaxial compres—
sion test. The damage mechanism was analyzed by environmental scanning electron microscopy ( ESEM) energy-dispersive X-ray
analysis ( EDX) and X-ray diffraction ( XRD) . The results show that at the beginning of loading for concrete after 60 d and 80 d ero—
sion the specimen exhibits a significant compaction phase. The longer the concrete is exposed to sulfate attack and dry—wet cycles
the earlier the sudden drop in ultrasonic velocity occurs. For concrete after 40 d erosion the active zone of acoustic emission is narrow
during the loading process. The problems of stress concentration and a sudden release of energy tend to occur at the weak position
caused by erosion in concrete and a sharp increase in acoustic emission events appears in advance under sulfate attack. By means of
a mathematical model the damage model of concrete was established based on the cumulative ring-down count of acoustic emission as
a variable which reveals the relations of sulfate attack load and damage for concrete in complex underground environments. During
erosion time the expansions caused by ettringite and gypsum and the swelling of sodium sulfate crystallization result in the evolution of
micro-destruction leading to the different macroscopic properties of corroded concrete.
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Fig.1 Change of supersonic velocity with stress
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Fig.2 Stress—strain curves at different erosion periods
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Fig.3 Histograms of acoustic emission number with relative stress level at different erosion periods: (a) 0d; (b) 20d; (c) 40d; (d) 80d
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Fig.4 Damage model evolution curves of corroded concrete
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Fig.5 Physical appearance of corroded concrete
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Fig.6 ESEM images and EDX spectra of concrete before and after erosion. (a) 0d; (b) 80d
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Fig.7 ESEM images of expansion products in concrete during sulfate attack
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