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Fig.1 Seismic isolation structure of a shield-driven
tunnel
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Photo.1 Circumferential gap between adjacent segment
rings occured in Mexico City due to the Michoa-
can earthquake of September 19, 1985
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Photo.2 Cracks of segment linings on the ceiling
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Deformation of a
Ring Joint

Segment Ring

(a) Deformation when no shear resistance
exists around a tunnel

S . . Shear%lesis-
Shear Resistance. - ;te;nt il |

(b) Deformation when shear resistance exists
around a tunnel

Fig.2 Schematic representation for deformation of a
shield-driven tunnel due to tensile force, F
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(a) Location where soil formation abruptly changes
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(b) Location where a tunnel is connected with a rigid
vertical shaft

Fig.3 Location where a seismic isolation layer is expected
to be formed covering a shield-driven tunnel
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(a) Concept of axial and torsional deformation
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(b) Discretization of finite element mesh

Fig.4 Description for axisymmetric finite element analyses to examine the seismic isolation effect
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Fig.5 Strain-reduction ratio due to axial seismic forces
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Fig.6 Ratio of displacement of a ring joint to that of
a segment concrete during axial deformation
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Fig.7 Strain-reduction ratio due to tortional seismic forces
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Fig.8 Ratio of displacement of a ring joint to that of a
segment concrete during tortional deformation
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Fig.9 A model for dynamic and static analyses

Table 1 Cases and material properties for a thin layer
around a tunnel in finite element analyses

Cases 1 2 3 4
Isolation No | No | Yes | Yes
p(tf/m3) 16 18] 12 1] 12
E(kgf/cm2)] 700 | 2000 15 15
v 048 03 [ 048 | 0.3

Table 2 Amount of rocking vibration of a tunnel (x 10°3)
3 4
1.65 | 1.55

1
1.67

2
1.67

Cases
A6(rad.)

(a) Axial forces

(b) Shear forces

(c) Bending moments

Fig.10 Comparison of sectional forces of a tunnel lining due to seismic loading
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Fig.11 Distribution of strains in the isolation layer on the static condition
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a seismic isolation layer
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(c) Bending moments
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PROPOSAL OF A SEISMIC ISOLATION STRUCTURE FOR URBAN TUNNELS
AND THE METHOD TO EVALUATE ITS ISOLATION EFFECTS

Takeyasu SUZUKI and Choshiro TAMURA

An earthquake damage of a shield-driven tunnel occured during the 1985 Michoacan earthquake in the
central part of Mexico City. The damages were mainly originated from tunnel axial deformations, such as
tention and tortion. In order to improve seismic safety of urban tunnels due to tunnel axial deformtions
during earthquakes, a seismic isolation structure, in which an isolation layer is formed between a tunel
lining and its surrounding soil, is presented. This paper presents a simplified method to evaluate the
isolation effect of the seisimic isolation structure using axisymmetric finite element models. Through
parametric studies using the models, the isolation effect is evaluated in terms of the axial and tortional
strain reduction ratios. Furtheremore, material properties to be needed as the isolation layer is determined
from static stability analyses as well as dynamic analyses. As a result, the importance of high Poisson's
ratio of the layer material is proposed.
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