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Nonlinear Seismic Performance Evaluation of an Operating TBM(Tunnel Boring
Machine) Tunnel

Byoung-Il Choi'", Dong-Ha Lee?, Jin-Woo Jung’, Si-Hyun Park*

Abstract: Recently, the TBM tunnel construction method has been in the spotlight as tunnel excavation under urban areas such as the Metropolitan
Rapid Transit (GTX) has been actively carried out. Although the construction cost of the TBM tunnel is high, it is relatively free from noise and vibration
compared to the NATM tunnel method, so it is well known to be a suitable construction method for application to the lower part of urban areas. In
particular, when the stratum passes through the shallow section, it can have a great impact on existing upper structures and obstacles, so accurate
numerical analysis considering various variables is required when designing the TBM tunnel. Unlike other tunnel construction methods, TBM tunnels
build linings by assembling factory-made segments. Unlike NATM tunnels, segment lining has connections between segments, so how to the connection
status between segments is reflected can have a significant impact on securing the reliability of analysis results. Therefore, in this paper, a segment
joint model(Janssen Model) was applied to the lining for seismic analysis of the TBM tunnel, and the tunnel's behavioral characteristics were analyzed
after numerical analysis using nonlinear models according to urban railway seismic design standards.
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Fig. 1 Structural Model of Segment Lining(Yi and Song, 2024)
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Fig. 3 Beam Hinge Element(Zsoil, 2020)
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Table 1 Determined Soil and Material properties

Division Sand1 Clay Sand2 Gravel Cocrete ngrp ent
ining

Modulus of

Elasticity 7,000 4,000 15,000 100,000 30,000,000 30,376,000
(EN/m?)

Poisson’s 37 04 036 032 02 02
Ratio
Unit Weight
( kN/m?) 18 17 18 20 24 25
Cohesion
(kN/m?) 50 1,800 100 200 10000 -
Friction
angle 20 - 27 35 33 -
)
Coefficient
of Lateral
Pressure 0.658 1 0546 0.426 - -
(k,)
v, 0.2 0.2 - - -
ref
Go 11585 - 13422 - - -
(kN/m2)
Eref
0 266.455 - 308.706 - - -
(kN/m2)
Eref
ur 106.582 - 123.482 - - R
(kN/m2)
ref
50 35.527 - 41.161 - - -
(kN/m2)
Yo.7 0.0002 - 0.0002 - - -
Void
Ratio(e) 0.6 - 0.5 - - -

1985, M 6.76, Canada-Nahanni(Origin)

Acc.(g)

Time(s)

Fig. 13 Real Earthquake Wave (Nahanni, Canada)
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Fig. 14 Spectrum Match (Nahanni, Canada)
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