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Erosion Degradation Mechanism of Shield Tunnel Lining

Structure in Corrosive Ion Environment
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Abstract: In order to reveal the erosion degradation mechanism of shield tunnel lining structure
under the long-term coupling effect of the external water pressure and the surrounding corrosive
ion environment, the penetration depth of the porous concrete and the ion erosion migration of
the concrete under the pressure penetration were analyzed theoretically. Whist the numerical
model of the ion erosion convection-dispersion migration of the segment joint was established.
Then, the rationality of the ion erosion theory considering the effect of pressure permeation was
verified at the one-dimensional seepage state. Furthermore, the numerical model of ion erosion of
shield tunnel lining structure in consideration of pressure permeation, ion convection-dispersion

migration and the discontinuous segment joint was established. The focal point lied in the analysis
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on the erosion and deterioration of the whole segmental lining structure. The results show that

the existence of water pressure has a positive effect on the seawater permeation. The higher the

external water pressure is, the more obvious the effect of seawater penetration can be. The

increase of external water pressure leads to the increase of chloride ion content. The higher the

external water pressure is, the shorter accumulation time required for accumulating to the same

ion concentration in the same position can be. The ion content distribution of the segment joint

has the characteristic of local concentration. The ion erosion degree of the whole lining structure

from small to large is vault, hance and the bottom of arch . At the beginning of the service, only

steel bars in the vicinity of joints are corroded, and then the other parts of steel bars are almost

unevenly corroded. With the extension of service time, the difference of the uneven corrosion de-

creases.

Key words: shield tunnel; corrosive ion; ion convection-dispersion migration numerical model;

pressure permeation; erosion degradation
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