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Abstract

Submerged floating tunnels must be connected to the ground to connect continents.
The displacement imbalance at the shore connection between the underground bored
tunnel and submerged floating tunnel can cause stress concentration, accompanying a
fracture at the shore connection. The elastic joint has been proposed as a method to
relive the stress concentration, however, the effect of the elastic joints on the dynamic
behavior should be evaluated. In this study, the submerged floating tunnel and shore
connection under dynamic load conditions were simulated through numerical analysis
using a numerical model verified through a small-scaled physical model test. The reso-
nant frequency was considered as a dynamic behavioral characteristic of the tunnel
under the impact load, and it was confirmed that the stiffness of the elastic joint and the
resonant frequency exhibit a power function relationship. When the shore connection
is designed with a soft joint, the resonant frequency of the tunnel is reduced, which not
only increases the risk of resonance in the marine environment where a dynamic load
of low frequency is applied, but also greatly increases the maximum velocity of tunnel
when resonance occurs.

Keywords: Submerged floating tunnel, Shore connection, Elastic joint, Dynamic
stability, Resonant frequency
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Fig. 1. Simplified condition of the shore connection of submerged floating tunnel

AAYSFE L 51 AT 4 WS 9lole] 34 015 At 50 4 WL Pl
=557 af8lo] SEGIE 3719 47 R ltasca AHO] ARG £IEGIO] FLAC 3D (ver. 5.0)Z 0] 83}] =
G, SFE o] ST AR A AFS S5 1T S25152 in and Kim (2017)°14 2AKH >

G A el B SFEY 218 Fo159) 2718 7o 2 ARl Wi
Z. =)

=
e AFE ot SBe e g 291E 9 Auke] 0 2 A

3.1 [ 2

Ao R T HEo] SFEE, AR ST, ASEE, 223 A HARI(Fig. 2). 4] RS

30 Journal of Korean Tunnelling and Underground Space Association



Numerical Analysis for Dynamic Behavioral Characteristics of Submerged Floating Tunnel according to Shore Connection Designs

T/Joke 84| o] dol= 55159 84 TH DS ges] HAR 4= QL= 2 (1)
2 AX5F9tKuhlemeyer and Lysmer, 1973).

1o
BN
Y
tlo
rl:l
AN
ol
rlr
o
wh
B

A
Al< 25 (1)
A7|A, Ale A BEO] @4 F715, A= Y4B 5ok 2t M55 LEhdith A4k Uehli= ] E

filo
i
o
i
&
A,
i
o
o)
ko
>
Q'L
N,
]
:?L_',
ox
2
:cl)g
%
&
of
2
:?L_',
>
=2,
>,
Ry
i
1o
o,
)
Y
N
filo
i
il
)
iy
o
ol
52
e
ox
)

-

HE S56] He] AAIK A= 2]6hH o] A7) Higko 2.0] MeQlE iAok A0 2 AAIXR S A stk
Bt A2 B Ao -3 A AL o] % FA oA 48 Aloll= A/ A 22 55l ihEo] BEA
J 74A 200X = AAH A 2 He ko 2 din @ A5 HAX]oh, 4]

2 53] AAIHAA Fol50] AAE TS K Lysmer and Kuhlemeyer, 1969).

(2) % (3)°] Hehhs A
B @)
tS = pc;Us (3)

o174, 1,91, 217k I B TR QIR v, T 23] 91
W S Lehfe, pi 840 Y
Bl WAdste] A4 [ RS S5 A Akl skEo] 2785 v

e = A A A BAE A8kt

Homogeneous granite Bored tunnel
A A

Impact load

Elastic joint (0.5 m)

Elastic joint SET

L

v

Fixed ™ Elastic joint
boundary (interface)

(a) Ground and tunnels (b) Elastic joint and submerged floating tunnel

Fig. 2. Numerical model for the submerged floating tunnel and shore connection
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Table 1. Input properties of the ground model

Type Input value
Rock type Granite
Constitutive model Mohr-Coulomb
Density (kg/m’) 2,700
Elastic modulus (GPa) 40
Shear modulus (GPa) 16
Bulk modulus (GPa) 26.7
Friction angle (°) 39
Cohesion (MPa) 10
Tensile strength (MPa) 16

Table 2. Assumptions for the numerical simulation of tunnel structures

Type Assumption
Tunnel material Concrete

Constitutive model Linear elastic
Tunnel diameter (m) 23
Elastic modulus (GPa) 30

Material density (kg/m’) 3,000

Tunnel segment thickness (m) 1.0
Tunnel segment length (m) 50
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Table 3. Properties of the small-scaled model

Type Value

Density of acrylic (MPa) 1,200
Elastic modulus of acrylic (GPa) 3.0
Poisson’s ratio of acrylic 0.35
Density of rubber (kg/m?) 960
Elastic modulus of rubber (MPa) 5.0
Tensile strength of rubber (MPa) 11.0
Poisson’s ratio of rubber 0.45
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