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Abstract

Recently occurred earthquake Gyeongju and Pohang served as a momentum to remind
that Korean peninsular is not a safety zone from earthquake anymore. The importance
of seismic design, therefore, have been realized and researches regarding design
response spectrum have been actively carried out by many researchers and engineers.
Current tunnel seismic design method is conducted to check safety of tunnel structure
by dynamic numerical analysis with condition of completed lining installation, so, it
is impossible to consider safety of tunnel behavior under construction. In this study,
therefore, dynamic numerical analysis considering seismic wave propagations has
been performed after back analysis using results from field monitoring of tunnel under
construction in fractured zone and 1st reinforcement (shotcrete, rockbolt) behaviour
are analyzed. Waves are classified by period characteristic (short and long). As a
result, the difference depending on period characteristic is minor, and increasements
of displacement are obtained at crown displacement due to seismic wave is 28~31%,
14~16% at left side of tunnel in the fractured zone, 13~27% at right side of tunnel in
the bed rock, respectively. In case of shotcrete axial force is increased 113~115% at
tunnel crown, 102% at left side, 106~110% at right side, respectively. Displacement
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and axial force of rockbolts which are selected by type of anchored grounds (only fractured zone, fractured zone and
bed rock, only bedrock) are analyzed, as a result, rockbolt which is anchored to fractured zone and bed rock at the same
time are weaker than any other case.

Keywords: Tunnel excavation, Seismic load, Field monitoring, Numerical analysis, Rockbolt
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Fig. 1. Representative tunnel cross-section
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Fig. 3. Results from seismic survey
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Fig. 6. Back analysis for strength parameter of weathered zone

Table 1. Strength parameter of weathered zone from back analysis
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Table 2. Material properties of ground elements

Soil ‘ Weathered rock Fractured zone Bed rock
Constitutive model Mohr-Coulomb model
Unit weight (kN/m®) 19.0 20.0 20.0 24.0
Young’s modulus (kN/m?) 40e3 300e3 80e3 2,000e3
Poisson’s ratio 0.3 0.3 0.3 0.3
Cohesion (kPa) 10 30.0 25.0 300.0
Shear resistance angle (deg) 32 33.0 20.0 35.0
Dilatancy angle (deg) 0.0 3.0 0.0 5.0
Table 3. Material properties of structure elements

EA (kN) EI (kN m?) Unit weight (kN/m?) Poisson’s ratio (-)

Soft shotcrete 100e3 100 23.0 0.25
Hard shotcrete 600e3 700 23.0 0.25
Rockbolt 148,450 8.35 - -
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Table 4. Rayleigh damping coefficient of materials

a I
Soil 4.152 2.17e-04
Weathered rock 5.174 1.74e-04
Fracture zone 0.3523 2.56e-03
Bed rock 0.3178 1.13e-04
Rockbolt 0.1369 4.93e-04
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Fig. 8. Average profile of shear properties for 6 earthquake motions
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