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ABSTRACT

In urban areas, a large number of buildings, underground passages and metro
stations are constructed, which often require deep excavations. When these
excavations are in the vicinity of exsting shiled tunnels, tunnels will inevitably be
affected with respct to deformations and additional loads on the segment lining.
Lining crack, joint open and leakage may further developed. The safety and normal
operation of the tunnel is threantened. In order to improve the understanding of the
behavior of the existing tunnels due to above deep excavations, centrifuge model test,
analytical analysis and numerical analysis are conducted in this thesis. The main
contents and conclusions are as follows:

A series of centrifuge model tests is carried out to investigate the influence of
deep excavation on existing underlying shield tunnel. The longitudinal deflection of
the tunnel and additional bending moments on the lining are recorded. Two factors
that affect the behavior of tunnel are studied, the vertical distance between the tunnel
and the excavation and the tunnel size. The results reveal that the longitudinal
deflection of the tunnel can be described by a Gaussian curve. The inflection point is
about 1.3 times of the excavation width away from the axis of the excavation.
Considerable additional bending moments are observed at the crown and invert in the
lining below the center of the excavation, but the additional moments rapidly
decreases to be negligible when the tunnel cross section is 1.5 times of the excavation
depth away from the axis of the excavation.

The simple two-stage method is adopted to study the longitudinal response of
tunnel due to above unloading. In the first step, the additional load on the tunnel axis
induced by the above excavation is obtained based on the Mindlin Solution. In the
second step, the tunnel is simplified as an infinite beam on a Kerr-type
three-parameter elastic foundation. Its governing differential equations are formulated
and analytically solved. The parameters of the Kerr model from the simplifying elastic
continuum method are adjusted by comparing results with Finite Element Models.
Comparisons are also carried out among Winkler, Pasternak and Kerr models, which
confirms the superiority of Kerr model. To obtain more reasonable results, the effects
of the lateral soil beside the tunnel are considered, and the governing equations are
modified and solved correspondingly.

A simplified model is proposed to study the circumferential response of tunnel
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due to above excavation. Asymmetric triangle patten of soil resistance is assumed
above the tunnel crown and below the invert. The effect of soil resistance, tunnel
diameter and lining thickness are studied.

The circumferential effects induced by the longitudinal deflection of shield
tunnel are summarized. The flattening effect of the tunnel structure is firstly proposed.
Analytical solutions for the flattening effect of a jointed segmental tunnel are
presented. The influence of tunnel diameter, lining thickness, ground resistance,
tunnel joints and original tunnel curvature on the flattening effect is examined. Then
the flattening effect and longitudinal shear transfer effect for several typical
longitudinal deflection modes of shield tunnel are compared.

A prelimnary study on three constitutive models including Mohr-Coulomb model,
Hardening Soil model and Hardening Soil Small model is firstly conduced in PLAXIS
2D. It is concluded that the advanced models should be adopted to obtain more
reasonable results. Then scenaros when the direction of the excavation is parallel and
perpendicular to the tunnel are simulated and parametric study of tunnel behavior
caused by nearby deep excavation is presented. These parameters include relative
position of the tunnel with respect to the excavation, tunnel size, stiffness of retaining
strucuture, excavation dimensions, tunnel protection measures and etc. A simulation
about the effect of the bund passage construction on the existing East Yan’an Road
Tunnel is carried out, and a good agreement is achieved between the results from
numerical analysis and on-site monitoring.

Considering the above study, longitudinal bending curvature and circumferential
convergence are chosen as the evaluation index for the longitudinal deflection and
circumferential deformation of the shield tunnel separately. A quantitative vunerability
evaluation method about existing shield tunnels affected by above deep excavation is
proposed.

The influence of deep excavation on the underlying existing tunnel can be
perfectly understood by the work of this thesis. The main conclusions addressed here
supply the guidance and help for the estimation of tunnel behavior and the

deternimation of tunnel protection measures.

Key Words: soft soil, deep excavation, unloading, shield tunnel, centrifuge model
test, three parameter elastic foundation model, flattening effect, numerical analysis,

vulnerability
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