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Safety and resilience analysis of tunnel structures considering the dual effects of
primary support concrete dissolution and crystallization in drainage system
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[ Abstract] To elucidate the impact of the dual effects of primary support concrete dissolution and crystallization in drainage sys-
tem on the safety of tunnel structures, a series of dissolution tests on cement-based materials under carbonation conditions were conduc-
ted. A theoretical analysis method for the stresses on tunnel structures under the dual effects was derived, and the impact of these ef-
fects on the safety and resilience was calculated in a case study. The results indicate the following: (1) Under carbonation environments,
the strength of cement-based materials exhibits an oscillatory attenuation pattern within a specific range. A dual-exponential formula
was fitted to characterize the strength degradation coefficient. (2) The stress increment in the tunnel lining caused by the dual effects is
inversely proportional to the decay coefficient £ of the primary support concrete and directly proportional to the dissolution-deposition
conversion coefficient J. The dominance of the stress increment primarily are controlled by J. (3) Analysis predicts declines of 17.3%
in the structural safety factor and 15.3% in the resilience index after 10 years of tunnel operation, which is approaching safe limits.
Therefore, the long-term impact of the dual effects of primary support concrete dissolution and crystallization in drainage system on
tunnel structures cannot be overlooked. These effects should be given full consideration during the design and construction phases, and

engineering measures during the maintenance phase should be strengthened.
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Tab.1 Physical and mechanical properties of
cement mortar
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with erosion time
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analysis model
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Tab.2 Parameters for theoretical analysis
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conditions (r=r,, f=0.8)
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