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Analytical solution of vertical seismic response of primary lining and

secondary lining of shaft structure

ZHANG Bu'?, LU Lidong', ZHONG Zilan'*, JI Ruoyu', DU Xiuli'*
(1. Faculty of Architecture, Civil and Transportation Engineering, Beijing University of Technology,
Beijing 100124, China;2. Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education,
Beijing University of Technology, Beijing 100124, China)

Abstract: In this paper, a mechanical model of the vertical seismic response of shaft with considering primary lining
and secondary lining is established based on the elastic foundation rod theory. The primary lining and secondary
lining of the shaft are simplified into two parallel rods, a homogeneous spring is used to simulate the tangential
interaction between the primary lining and the secondary lining of the shaft, and the differential control equation of
the vibration of the shaft under vertical earthquake is derived. The ground motion is realized by converting the free
field displacement of the site earthquake into a simple harmonic load applied to the primary lining. Combined with
the basic theory of the distributed transfer function method, the vertical seismic response of the primary lining and
the secondary lining of the shaft is quickly solved. The feasibility of the analytical solution is verified by comparison
with the finite element numerical simulation method. Finally, the expressions of the analytical solution are applied
to parametrically analyze the top seismic response of the shaft from the perspectives of the foundation spring
stiffness, secondary liner stiffness and shaft outer diameter respectively. The results show that with the increase of
foundation spring stiffness, the vertical displacement response at the top of the primary lining will increase slightly,
while the response of the secondary lining will decrease. The change of secondary lining stiffness has no significant
effect on the vertical displacement response at the top of the shaft. With the increase of the outer diameter of the

shaft, the vertical displacement response at the top of the primary lining and the secondary lining will decrease, and
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the decrease of the secondary lining is more obvious. The research methods and conclusions can provide some

reference for seismic design of shaft, and provide theoretical methods and scientific basis for seismic research of

shaft in the future.

Key words: seismic resistance of underground structures; shaft seismic response; shaft lining; elastic foundation rod
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