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Ion diffusion in shotcrete lining under compound salt corrosion
environment saline soil in Northwest China
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Abstract: Saline soil widely distributes in Northwest China. Aggressive ions can diffuse into shotcrete lining, and after a
sequence of physical and chemical reactions, corrosion products with the characteristics of high solubility, expansion and
non-gelling are produced, which destroys the microstructure of shotcrete and leads to the degeneration of the durability of
lining structure. The durability of shotcrete exposed to compound salt was tested under drying-wetting cycles to simulate
the environment of Northwest China. Furthermore, the corrosive medium of 5% Na, SO, +5% MgSO, +3. 5% NaCl ( mass
ratio) solution was used to simulate the composition and content of aggressive ions in saline soil and the underground
water, and the experiments on the durability of compound salt corroded shotcrete were carried out for measuring the pH
value, the contents of water-soluble CI”, SO; and Ca®* and the content of acid-soluble SO . The results show that with
the increase of drying-wetting cycles, the pH value and the content of water-soluble Ca** of shotcrete decrease, while the
contents of water-soluble ClI” and SO’ and the content of acid-soluble SO} increase. The diffusion of Mg* into shotcrete
may result in the evident decrease of the pH value of corrosion zone. However, the pH value quickly increases and then
remains stably with the depth. The diffusion of C1” decreases the content of acid-soluble SO, while the diffusion of SO3
accelerates the decrease of the pH value and the content of Ca®*, and to some degree promotes the increase of Cl-
content. Meanwhile, the water-binder ratio, fly ash replacement ratio and steel fiber content may significantly affect the
diffusion of ions. The diffusions of water-soluble C1™ and acid-soluble SO} into shotcrete conform to the Fick’s second
law, and the diffusion model of ions considering the mix-proportion parameter of shotcrete was established.
Keywords: tunneling engineering; saline soil environment; shotcrete; ions content; ions diffusion; diffusion model
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Table 1 Physical and chemical composition of cement and fly ash
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Table 2 Mix proportions (mass ratio) of shotcrete specimens
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S43F10SF50 1. 00 1.95 1.95 0.43 0.01 0. 04
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Fig.1 pH values of shotcrete in compound salt corrosion environment
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Fig. 2 Content of water-soluble Cl™ in shotcrete under compound salt corrosion environment
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Fig.3 Content of water-soluble SO2 in shotcrete under compound salt corrosion environment
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Table 4 Time attenuation coefficient of diffusion coefficient of C1~ and SO’ in shotcrete
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Table 5 Mix-proportion influence coefficient k of shotcrete
a IKHE EE BRI (%) WY = (kg » m™) B
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