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Study on Anti-seismic and Vibration Reduction Techniques for Inclined

Tunnel Portal Sections in High Seismic Intensity Zones
ZHAO Yingwei
( The Fifth Engineering Co. , Ltd. of China Railway Fourteenth Bureau Group Co., Ltd., Jining 272117, China )

Abstract: To enhance the seismic performance of inclined tunnel portal sections in high seismic intensity zones, this
study, based on a specific tunnel project, employed the finite difference numerical software FLAC3D to investigate the
effectiveness of grouting reinforcement and vibration damping layers. Findings indicate: (1) The extreme longitudinal
stress and maximum displacement occur in the intermediate transition section of the tunnel portal, while the extreme internal
stress and maximum displacement are both observed at the skewback of the lining structure. (2) Compared to scenarios
without anti-seismic measures, both grouting reinforcement and the implementation of a vibration damping layer reduce the
differential displacement of the secondary lining. The vertical displacement difference is most significantly reduced after
installing the damping layer, with a vibration reduction effectiveness of 74. 83%. (3 ) The minimum principal stress peak
is highest in Condition 1 ( with no measures ) , reaching —28. 64 MPa, and decreases to —20. 05 MPa after the installation
of the damping layer, resulting in a vibration reduction effectiveness of 29. 99%. (4 ) As the longitudinal length of the
tunnel increases, the minimum safety factor initially decreases before increasing, reaching its lowest value at monitoring
surface S3 in the intermediate transition section. The safety factor is 1. 95 for Condition 1, and 2. 24 for Condition 2, which
although improved, remains below the safety threshold, and rises to 2. 56 for Condition 3, meeting safety requirements.

Considering displacement, stress, and safety factors, the adoption of a vibration damping layer demonstrates superior anti-
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seismic and vibration reduction performance compared to grouting reinforcement alone. The conclusions provide a valuable

reference for the seismic-resistant design of inclined tunnel portal sections.

Key words: tunneling; high seismic intensity zones; inclined tunnels; portal sections; anti-seismic measures
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