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Chloride Ingress into Alkali-Activated Concrete Under Drying—Wetting Cycles

BAO Jiuwen, ZHANG Xinyu, ZHANG Peng, CUI Yifei, WEI Jianan, ZHUANG Zhijie
(Department of Civil Engineering, Qingdao University of Technology, Qingdao 266033, Shandong, China)

Abstract: Alkali-activated concrete (AAC) prepared without cement with the performance of rapid hardening, high strength and
good durability, is recognized as one of novel green building materials with a wide application potential. Chloride ingress into
concrete to cause the process of steel corrosion is one of the main reasons to the durability failure of reinforced concrete
structures, particularly exposed to marine cyclic drying—wetting zones. It is thus of great significance for the development of
durability theory to conduct the chloride ingress resistance analysis of AAC under drying-wetting cycles. Compared with concrete
C50, the effects of cyclic drying-wetting time ratio (i.e. 3.0:1.0, 11.0:1.0 and 85.4:1.0) and exposure time (i.e. 30, 90 and 180 d)
on the chloride ingress properties of AAC were investigated via a designed automatic experimental set-up of cyclic
drying—wetting test. A theoretical model of chloride ingress into AAC under drying- wetting cycles was proposed for numerical
calculation. The results show that the chloride content within AAC is obviously less than that in concrete C50. This is because
AAC has a smaller porosity and a denser pore microstructure rather than concrete C50, thus exhibiting a better resistance to
chloride ingress. The surface chloride concentration and apparent chloride diffusion coefficient of AAC first increase and then
decrease as the cyclic drying—wetting time ratio increases. It is indicated that the numerical data of chloride profiles calculated by
the proposed model of chloride transport into unsaturated concrete under various conditions of the drying—wetting cycles are in
reasonable agreement with the experimental results.
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Table 1 Chemical composition of cementitious materials wi%
Type SiO, Al O3 Fe,O3 CaO MnO TiO, K,O Na,O P,0Os MgO
Cement 17.04 6.08 4.08 53.57 0.38 0.52 0.80 0.14
Slag powder 29.05 12.51 1.30 46.97 0.03 0.60 0.56 5.72

w—DMass fraction.
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Table 2 Mix proportion of concrete mdkg
Sample No. Cement Coarse aggregate River sand Water SP Slag powder
C50 450 1125 675 157.5 0.9
AAC 1074 716 148.7 400

Data in this table represents mass m. (kg) of each component required for 1 m® concrete.
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11.0:1.0 6 5.50 0.50 5 15 30
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180 0.9057 0.9807 0.9951 0.8505 0.9786 0.9851
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Table 5 Chloride diffusion coefficient of C50 and AAC
De/(mm?-s™)
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30 6.96 7.92 8.17 3.15 3.44 3.81
90 5.65 6.72 6.95 2.42 2.92 3.06
180 4.90 5.23 6.12 1.49 2.14 2.30
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Table 6 Calculation parameters of chloride ion transport model in unsaturated concrete

a=tylty Concrete type Average pore sizex 10%/m A% Co/% Cy% Dcix 10’12/(m2~s")
3.0:1.0 C50 51.90 8.85 0.08 0.75 7.54
3.0:1.0 AAC 24.20 6.84 0.09 0.76 3.06
85.4:1.0 C50 40.80 13.10 0.08 0.76 7.92
85.4:1.0 AAC 12.10 5.61 0.08 0.82 3.47
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