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Evaluation Research for Spalling Resistance of Tunnel Lining Concrete

YANG Xudong

( China Railway 18th Bureau Group Third Engineering Co., Lid., Zhuozhou, Hebei 072750, China)

Abstract: During the long-term use of tunnel lining concrete, spalling defects may occur which seriously
affect the safety and stability of the tunnel. To explore the early identification methods of spalling defects
in tunnel lining concrete, the vibration characteristics and risk assessment methods of spalling defects
were studied through indoor experiments. The results show that as the spalling area of the defect expands,
the lowest-order modal frequency of the tunnel lining significantly decreases, indicating a reduction in the
overall stiffness of the lining. The low-order modes are more sensitive to changes in the interface adhesion
state and are suitable as discriminant indicators for spalling assessment. In contrast, the high-order
modes, due to their small frequency spacing and severe modal overlap, are not conducive to accurately
identifying the trend of changes and are not suitable as the main evaluation basis. The vibration signals at
the defect areas of the lining concrete exhibit significant low-frequency characteristics, especially in areas
with a higher risk of spalling, where the enhancement of low-frequency components and the weakening of
high-frequency components in the vibration signals are obvious, indicating that low-frequency signals have
an important indicative role in the early warning of lining spalling.
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Fig.1 Line plan position between Yangjiazhuang

Station and Baozicun Station
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Fig.2 Cross-section of the secondary lining structure
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Fig.3 Vibration frequency distribution

of the lowest mode
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Table 1 Dimensions of concrete samples
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Table 2 Concrete mix proportions of the sample
(kg'm™)
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Table 3 Estimation results of tensile loads
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Fig.7 Deformation of low-order natural vibration modes
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Fig.8 Variation trend of the low-order natural mode

frequencies of each sample
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Table 4 Final results of the spalling test
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Fig.9 Fracture condition near the predefined

spalling surface
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Fig. 10 Variation of frequency with separation progress

obtained from numerical simulation
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