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Abstract

A subsea tunnel, being a super-sized underground structure must ensure safety at the
time of earthquake, as well as at ordinary times. At the time of earthquake, in particular,
of a subsea tunnel, a variety of response behaviors are induced owing to relative
rigidity to the surrounding ground, or difference of displacement, so that the behavior
characteristics can be hardly anticipated. The investigation aims to understand the
behavior characteristics switched by earthquake of an imaginary subsea tunnel which
passes through a fault zone having different physical properties from those of the
surrounding ground. In order to achieve the aim, dynamic response behaviors of a
subsea tunnel which passes through a fault zone were observed by means of indoor
experiments. For the sake of improved earthquake resistance, a shape of subsea tunnel
to which flexible segments have been applied was considered. Afterward, it is
believed that a D/B can be established through 3-dimensional earthquake resistance
interpretation of various grounds, on the basis of verified results from the experiments
and interpretations under various conditions. The present investigation performed 1 g
shaking table test in order to verify the result of 3-dimensional earthquake resistance
interpretation. A model considering the similitude (1:100) of a scale-down model test
was manufactured, and tests for three (3) Cases were carried out. Incident seismic
wave was introduced by artificial seismic wave having both long-period and
short-period earthquake properties in the horizontal direction which is rectangular to
the processing direction of the tunnel, so that a fault zone was modeled. For numerical
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analysis, elastic modulus of the fault zone was assumed 1/5 value of the modulus of individual grounds surround the
tunnel, in order to simulate a fault zone. Resultantly, reduced acceleration was confirmed with increase of physical
properties of the fault zone, and the result from the shaking table test showed the same tendency as the result from
3-dimensional interpretation.

Keywords: Flexible segment, Subsea tunnel, Shaking table test, Fault zone, Artificial seismic
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Table 1. Numerical analysis conditions

Interpretation condition Remarks
Analysis method Finite Difference Method (FDM)
Analysis code FLAC3D
Analysis sequence Fault layer modeling — Tunnel construction — Static initialization — Earthquake load

Ground: Mohr-Coulumb

Flexible segment: interface element

Analytical model

Static analysis: left, right and bottem fixed boundary

Boundary condition - -
Hnaary Dynamic analysis: free-field boundary

Input seismic wave Artificial wave (2. = 0.154 g)
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(a) 3D modeling (b) Monitoring point
Fig. 1. 3D modeling and monitoring point

Table. 2 Numerical analysis condition for young’s modulus

Cases Case-1 Case-2 Case-3
Young’s modulus, rock (Mpa) 800 2,000 10,000
Shattered zone (Mpa) 160 400 2,000

Interface element

Fault zone

\

(a) Interface modeling (b) Underground stress (c) Boundary condition (free-field) set
(vertical stress)

Fig. 2. 3D modeling of fault zone
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Fig. 3. Input seismic wave
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Table 3. Ground properties

Unit Shear wave . . Friction
Case Gro.un d Division weight velocity POIS.SOH C0hesu2)n angle
rating (KN/n) (m/sec) ratio (kKN/m”) (degree)
Case-1 1 (S6) Unconsolidated layer (SL) 18.5 350.0 0.3 0.0 30.0
Case-2,3 | 2(S6) | Soft layer/shattered zone (FLT) 214 350.0 0.3 50.0 21.0
Case-3 3(S1) I 26.8 2000.0 0.2 6000.0 45.0
Case-2 5(82) Bedrock I 24.7 1400.0 0.2 700.0 38.0
Case-1 7 (S2) \4 21.4 750.0 0.3 50.0 21.0
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Fig. 4. Acceleration results
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Fig. 6. System of shaking table test and sensors
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Table 4. Cases of shaking table test

Cases Case-1 Case-2 Case-3
Relative density (D;) (ground) 60% 70% 80%
Relative density (D;) (shattered zone) 12% 14% 16%

Soft rock

Fault zone

. Measure point

Fig. 7. Measurement location

T

(a) Foundation ground (b) Install accelerometer

(€) Finished section

Fig. 8. 1 g shaking table test procedures
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Table 5. Comparison of 1 g shaking table test and 3D numerical analysis results

Case-1 Case-2 Case-3
Point Case 1 g shaking 3D numerical 1 g shaking 3D numerical 1 g shaking 3D numerical
table test analysis table test analysis table test analysis
Point-1 (acc) 0.281¢g 0301 g 0.185¢g 0.193 g 0.158 g 0.154 g
Point-2 (acc) 0.199 ¢ 0217¢g 0.162 g 0.176 g 0.145 ¢ 0.148 g

32+ WiXlehA AakgE H5ok7] flote] 2|6l BaE 1 g Xsth Al 2] Axfet vl A5k
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