Sin %._EH'é*%i.*ilh._'tE—ﬂ 20104 7€
A2 HM4S, pp. 295-306

Me|oHlo] WHE O|E MOIEHS U
ZAlH| SMS D25 EQ| IR SM

Seismic Analysis of Tunnel Considering the Strain-Dependent Shear Modulus
and Damping Ratio of a Jointed Rock Mass

Ki-II Song, Sung-Hoon Jung, Gye-Chun Cho, Jeong-Hark Lee

Abstract Contrary to an intact rock, the jointed rock mass shows strain-dependent deformation characteristics (elastic
modulus and damping ratio). The maximum elastic modulus of a rock mass can be obtained from an elastic wave-based
exploration in a small strain level and apphed to seismic analyses. However, the assessment and application of the
non-linear characteristics of rock masses in a small to medium strain level (10*~0.5%) have not been carried out yet.
A non-linear dynamic analysis module is newly developed for FLAC3D to simulate strain-dependent shear modulus
degradation and damping ratio amplification characteristics. The developed module is verified by analyzing the change
of the Ricker wave propagation. Strain-dependent non-linear characteristics are obtained from disks of cored samples
using a rock mass dynamic testing apparatus which can evaluate wave propagation characteristics in a jointed rock
column. Using the experimental results and the developed non-linear dynamic module, seismic analyses are performed
for the intersection of a shaft and an inclined tunnel. The numerical results show that vertical and horizontal displacements
of non-linear analyses are larger than those of linear analyses. Also, non-linear analyses induce bigger bending compressive
stresses acting on the lining. The bending compressive stress concentrates at the intersection part. The fundamental
understanding of a strain-dependent jointed rock mass behavior is achieved in this study and the analytical procedure
suggested can be effectively applied to field designs and analyses.

Keywords: Jointed rock mass resonance test, Strain-dependent non-linear behavior, Hyperbolic model, Non-linear seismic
analysis
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