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Experimental and numerical simulation study on corrosion
evolution of steel bar in mortar

QIN Yiqi, JIN Zuquan, LI Shicai, GAO Yuan, LU Ting, SUN Tao
(School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, Shandong, P. R. China)

Abstract: Reinforcement corrosion is the primary cause of the failure of marine concrete structures. Thus, it is
necessary to explore the development of corrosion expansion stress and the process of induced concrete
cracking, which is beneficial to the service life prediction of reinforced concrete. In the experiments, the
reinforcement corrosion in mortar is accelerated by adding salt and using constant potential. The strain in the
reinforcement corrosion process is monitored by the strain gauge attached to the stainless steel ring outside the
mortar to calculate the corrosion expansion stress. The COMSOL software is used to analyze the development
of corrosion expansion stress in concrete and the whole concrete cracking process induced by reinforcement
corrosion. The results show that the finite element method and the time-varying radial displacement loading

method can be used in simulating and testing the corrosion expansion and cracking process of reinforced concrete
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respectively, the results of which are basically consistent. Without considering the inhomogeneity of mortar and

reinforcement and the filling effect of corrosion products on cracked mortar, the simulation results fail to reflect

the fluctuation and the process of release and gradual increase of corrosion expansion stress. In addition, by

increasing the mortar strength and decreasing the reinforcement diameter, corrosion expansion and cracking of

reinforcement can be effectively delayed.

Keywords: mortar; reinforcement; uniform corrosion; numerical simulation; rust expansion stress
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Fig.1 Basic mechanical properties of mortar
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Fig. 2 Potentiostatic accelerated corrosion test

of reinforced mortar
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Fig. 3 Stress analysis process
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Table 2 Values of mechanical parameters

PSR L /MPa FAEAL I/ GPa TN L
4.68 32.5 0.2
5.62 34.5 0.2
6.59 36.0 0.2
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Fig. 4 Sketch map of concrete displacement caused by

steel bar rust expansion
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Fig. 6 Corrosion current evolution
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Fig. 7 Expansion strain and expansion stress of steel bar
subjected to corrosion on steel ring under different

mortar strength grades
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Fig.8 Corrosion current evolution
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Fig. 9 Expansion strain and expansion stress of
corroded steel bar on steel ring under different

diameter of steel bar
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