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Chemo-Damage-Transport Model of Combined
Chloride-sulfate Attack in Concrete
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(1. School of Civil Engineering, Qingdao University of Technology, Qingdao 266033, Shandong, China;
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Abstract: Reinforced concrete structure in a chloride and sulfate coupling environment is vulnerable to be deteriorated due to the
combined chloride-sulfate attack. Based on the attack mechanism of chloride and sulfate, this review analyzed the diffusion-binding
process of chloride and sulfate ions before and after damage of concrete caused by sulfate attack. Based on the classical
diffusion-reaction model and the chemo-damage-transport theoretical framework, the effects of ion activity, temperature,
microstructure change and calcium leaching on the chemo-damage-transport system were represented. The coupled transport
thermodynamic model of chloride ions and sulfate ions was introduced from the perspective of thermodynamics. In addition, some
existing problems in the current research were also prospected.
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Table 1 Volume change of ettringite formed by reaction of
gypsum with tricalcium aluminate, calcium
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. . Volume
Chemical reaction Reactant
change
C3A +3CSH; +26H — CgAS3H3, C;A 131
C4AH|3 +3CSH; +14H — CgAS3H3, + CH C4AH;; 0.48

C4A§H12 + 2C§H2 +16H —> C6A§3H32 C4A§H12 0.55
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Table 2 Volume change of Friedel’ salt formed by reaction

of chloride with tricalcium aluminate, calcium

aluminate hydrate and single sulfur calcium
sulphoaluminate hydrate

. . Volume
Chemical reaction Reactant
change
C3A +CaCly +10H — C4ACI Hy C;A 2.05
C4AH 3 +CaCly - C4ACIHH g +CH +2H C4;AH 3 —0.03
C4A§H12 +CaClp - C4ACIhH g + CgHZ C4A§H12 -0.13
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Ton activity coefficient (3) Years  Eqs
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