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Abstract Generally, high water pressure conditions should be considered in undersea tunnels. A large
lining thickness is required to resist the external load under high-pressure conditions, which increases
the construction costs due to an increase in the cross-sectional area of tunnel excavation and tunnel
lining thickness. This paper proposed a multi-shell tunnel, which has an elastic seismic isolation layer
between the double linings, and finite element numerical analyses were conducted. The tunnels with a
seismic isolation layer between the concrete outer lining and the steel inner lining are modeled
underwater conditions at a depth of 80 m, and earth pressures and the behaviors of multi-shell tunnels
under seismic load were analyzed. The seismic isolation layer changes the connection between the inner
and outer linings from rigid to elastic, absorbing a significant part of the stress acting on the outer lining
and greatly reducing the member force of the inner lining. The load distribution of the inner lining
increased as the outer lining was thinner and the inner lining was thicker, so the member force of it

tended to increase.
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Fig. 1. Concept drawing of Multi-shell tunnel
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Table 1. Material properties

. . Saturated unit | Friction . Elastic . ,
X Unit weights N Cohesions 3 Poisson’s
Items Materials Models 4N/ ) weights angles 1N/ moduli ratios
(kN/m’) O (kN/m’)
Mohr-
Ground Weathered rock 20 22 33 30 200,000 0.3
Coulomb
Outer lining Concrete Linear 24 24 - - 25,000,000 0.25
elastic
Seismic isolation Rubber Linez'u' 15 15 B B 8.000 0.49
layer elastic
Inner lining Steel Plate 78 78 - - 210,000,000 0.3
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Table 2. Analysis cases

Thickness of Layer (mm)
Case Analysis Seismic I
No. variables isolation | Outer lining .m'ler
lining
layer
S-1 0 00 50
———— 1 Thickness of 5
S-2 Seismic 50 300 50
S-3 isolation 100 300 50
EEE— layer
S-4 150 300 50
O-1 50 200 50
0-2 Thickness of 50 250 50
0-3 Outer Lining 50 300 50
O-4 50 350 50
I-1 50 300 20
-2 Thickness of 50 300 30
1-3 Inner Lining 50 300 40
-4 50 300 50

o4 e Tk 2 3 TS HAR S
aAelAE AHsgE SEetold £ 300 mm,
W5 T4 50 mm, WE2teld 7 50 mmE 712
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Table 3. Axial force distribution of inner lining
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